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I. INTRODUCTION

-

This document presents some of the current Test Operatmns
o ~ Directorate/Aerospace concepts of the operating modes of'the MOL/DORIAN
-ma.nned/ automatic configuratich. It defines some flight crew procedures_
and on-board coinputer logic necessary to implement the flexibilities and
capabilities desired and/or required of the manned/automatic vehicle
COnﬁguratmn. : '

Analitical and sxmulatxon stuches are continually being performed on
these concepts .g.nd they are sub_)ect to modification and verification to
ensure positive 'control, felia.bility; and the ability to satisfy"user’ requirég
ments. , | » o | | |
I, GROUND RULES AND DEFINITIONS

The following ground rules and deﬁnitiéns are génerally agreed_ upon
and form the basis fo.r this con‘cep-i:_:‘ |

| A. _The primary target pafh is generAated by the grround-based mission
planning softwa.re;. This pa._th.-is generated by a strategy which considers
the following: -~
1. User requirements ex'pre's.sed as priorities and weighting factors,
2. Orbiting Vehmle (OV) operational status and ca.pa.b1ht1es.
3. Specific 1nte111gence requ1rements, including de31red stereo or
mono modes, exposures, category allocations, and other user inputs. |

4, Weather in the area of interest.

Bt 3 . » ) . -
; B. Primary Targets. Primary targets are those targets which lie

on the programmed path for the primary optics. There are two distinct
subclasses of primary targets, namely mandatory primary taxk'get's‘ and

interdictable primary targets.
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1. Mandatory Primary Targets. Mandatory primary targets :

are those targets of unusually high technical intelligence val_ﬁe which,
upon user request, will be photographed under any circumsténces.; .
Normally photography of mandatory targets should ndt be 'inhibited by -
the Airborne Digital Computer (ADC)/Flight crew. |

2. Interdictable Primary Targets. Interdictable primary targets

are those targets which lie on the primary optics path and can be inter--
dicted by the ADC based upon flight crew inputs. Targets may be pro-

grammed for the path of the primary optics for which photography may

. be desired only if "acthty indicators' are present.

. C. Alternate Targets, Alternate targets are defined as any preselected

'~ --non-primary target which can be observed through an ATS and photogra.phéd _

- by the primary optics. Alternate targets are selected_by the ground based
mission planning software as a function of their geometrical :relation to’
the primary optics path, expected value of mission enhancement, and
specific user requirements. There are two basic classes of alterna.te'..
targets;'active alternates and weather alternates.

1._ Active Alternates. Active alternates are those alternates that

have predefined activity indicators which if found to be present through
crew inspection make that target of relatively high'intenigence value.

2. Weather Alternates. Weather alternates are those targets which

B are observed by the flight crew and selected for photography 6n1y when

weather conditions dictate a change of the primary optics path to secure a
visible target for photography.
The main differentiation between the two types lies with the amount

of scheduled dwell time allocated for viewing-erach target. In principal,

alternates which are being viewed for weather only require a smaller
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‘those targets preselected for flight crew inspection and oral comments,
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recommended viewing time than alternates being viewed for activity. !

) i
Nothing in these definitions precludes the use of an activity alternate ‘
for a weather alternate should the situation so dictate.. L

D. Visual Intelligence Targets. Visual Intelligence Targets are

but not for photography. Generally these types of targets would be

selected for one of the following three reasons:
1. When associated with a mandatory primary.
2. When the confifmation of the presence or the absence of

something in the target area, or a verbal description of the target area

satisfies intelligence requirements.

3. When vehicle constraints prevent actual photography of the
target, or the penalty associated with photography is unacceptable.

E. Flight Crew Inputs to the Computer are:

1. REJECT - used to denote clouds/weather, or other undesirable
conditions, whic}; would prohibit satisfactory photography of a target.

2. INACTIVE - denotes that the target is visible but that no
"activity indicators" Aare‘ pre'sent.

3. ACTIVE - used to denote that the target is clear and that thé
pre-defined activity indic';é.tors are present, |

4. OVERRIDE - used to denote the presence of unusually high
intelligence value in a target which should bé photographed, This input
will cause the computer to commit fhe primary optics to that target at the
decisicu time without considering other crew inputs for that decision time.

F. The ATS's will be scheduled a path of targets to be viewed. One

ATS path will contain all the primary targets and some éelected alternate
and visual intelligence target;s. The other ATS path will contain only

alternate and visual intelligence targets. (See Section IV, Figure 3).
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It is an operational requirement that thé primary targets be scheduled

(‘_,eaga
G

1 ‘,1 [T Lo
e S
AT

o g 1 b

on the same ATS path throughout an active pass over the areas of
interest. | | ) |
G The ATS will slew to the next target scheduled for viewing wzthm' o
a target group only after one of the four possible f11ghi§ crew inputs is .
made to the computer. When the target group decision time is reached.v
. the ATS's will step automatically to the next target group unless the
flight. crew intervenes. (See Section IV, c.) .

H. Decision Times. Decision times are generated by the ground

based computer rnissiqn planning software. At a given decision time,
" the inputs from the flight crew are ‘polled and, based upon on-board decision
- logic, a decision is"made whether to interdict the primary optics path in

-favor of an alternate target.

- I. Target Groups. In general, each decision time has associated
with it a group of targets which are scheduled to be vi_ewed before that
decision time. There are two types of target groups; a basic target group.

and a spec1a.1 target group.

1. Bas1c Target Group A basic target group consists of a group

of targets which includes the prlmary target.

2. Special Target Group. A special target group consists of a
group of alternate targets between basic target groups and does not contain -
a primary target. (Within this group interdiction of the primary path occurs:

only for an active alternate).

J. Decision Logic for Basic Target Groups. Primary and alternate
targets are a.ssigned a prefer'ence within the target group for both active
and inactive states. For any group, the primary i:arget will always have
the highest inactive state'preference. These preferences are established

through user inputs. A logical table may be constructed which gives the
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. decisio;l rules for interdiction of the primary path. Table 1 below
gives the decision logic and assumes that the primary target was )
viewed. Crew Observation at Primary .
Alternate Targets Status | Obscured - | Inactive Active -
o Take Take Take I
All Obscured . None Primary Primary S
No Active But at Vote Among | Take Take
Least One Clear Alternates Primary | Primazry
- Vote Among | Vote Among Vote Among '
At Least One Active " Alternates |Alternates & | Alternates & anary
ZiT0aLY
TABLE 1

For further explanati'ovn of the above table the following'comments are .'
| made: | |

1. When a vote is made arnong clear mactwe alternates and the’
primary is obscured it is possxble tha.t no clea.r alternate will be of

sufficient value to mterthct the prxmary path

2, When activity is d1scovered in an alternate, it w111 still be

necessary to we1ght th1s value agamst the ex1stmg value (active or . ’
ma.ctwe) of the pnmary.
3. In the absence-of flighﬁt‘cre.w' inputs, the main optics will track
and photograph the primary targets.
K. If the crew dbes.nei. observe and input to the ADC on the primary

target, the ADC will consider the primary to be inactive and clear.

L. Decision Logic for Special Target Groups. The two basic logic

rules which are followed for special target group interdiction are:

1. If the observed alternates are obscﬁfed By weather, then no

interdiction occurs.

2. If at least one of the observed alternates is active, then a vote

is taken among the alternates.

M. a_hda.tmn of veh1c1e performa.nce for unma.nned flights shall be
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accomplished on the manned flights.
N. The capability to slave the primary optics to either ATS is an’
operational requirement arising from system'diagnosis'/contin'gencly, v

needs.
O. Flight crew displays and controls shall be implemented to give R L
the necessary information and control capability to implement this

concept. (See Displays and Controls, Section IV).

III. ORBITING VEHICLE OPERATING MODES AND FEATURES

There are two basic modes of operation for the manned/automatic

_Vehicle configuration. Mode A is the automatic mode in which the

‘mission payload and its subsystems are operating properly, and all.

target centering, image motion compensation (IMC), and photpgraphy‘
are accomplished without crew assistance. The flight crew'sjfgnc'.tions“
in this mode' range from enhancing the technical intelligence of the -
photography through the target selection process, to completely checking

out the operation of the automatic systems. Mode B is the backup mode

in which the crew is required to assist in centering, MC, or other

functions which the crew can perform, but which normally would be:
sahsfactonly accomplished on computer command in Mode .A. Mode B
stresses continued use of all available automatic features that are '
operational, | |

"Both of these operating modes provide a wide range of flexibility so
that the sysiem can be responsive to user and/or co’ntinéency r_equﬁe-
ments, This ﬂexibility is attained, wherever pqs_s‘i:bl_.e, without requiring~

changes in the ADC logic.
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The ground-based mission planning software will be_‘rgquir’ed to

handle these modes and sub-modes to obtain the optimum strategy for

the ATS, main optics, and the flight crew.
A. Mode A (Manned/Automatic)

Mode A consists of two basic operational sub-modes which may =

be employed depending on the degree of confidence in the operation of

the complete system in the manned/automatic configuration or on the |

degree of diagnosis or verification desired of payload performance.

l. Operational Sub-Mode I. This sub-mode assumes that

all automatic functions are being performed satisfactorily. ‘Either or
both ATS's (depending on one or two-man operation) are assigned targets

" for crew inspection. C_r_ew inputs are gathered by the computer and the

' computer selects the target in each target group for photography, Pro-
visions are currently available for seven alternates per priinary, making S
the maximum size of any target group eight targets. (Studies and trad}g-'. " :
offs have been, and will continue to be, nia;ie in an attempt to obtain f
an optimum number of targets in a target group. These studies and -
trade-offs include computer core storage available, up-link data time
requirements, flight crew capabilities, target di'stribution and density,
and total time available for viewing any one target group. ) 'I‘hé Flight
crew would view as many targets per target group as possible, indicating
their observations to the computer, Targets would be vieweﬁ (including
i.e primary) in a ground selected order. This order may be selected
chrornologically; i. e., when the best viewing angles, etc., are prbper,
or may be selected in order of preference within the gfoup. Any alternate

targst in a target group not viewed by the decision time would be rejected

oy the computer from consideration for photography within that group.

1 1) orpseT CRFAIRE BIRBIRY IRIGhomw v sveman
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If the primary has not been viewed, due to time limitations , the pri?natry :
will be considered inactive (and clear) in the decision process. Any
target of the group may be checked only for weather conditions or for
-the presence of "activity indicators" depending on the instructions given
“to the flight crew by the Miseion Director. Generally, weather decisions
would be accompliehed much more rapidly than activity decisions. |
This sub-mode provides the greatest number of targets to be viewed,
thus incr‘easing the ehanees of enhancing the technical intelligence eotitertt e
of the mission results. It also prdvides j'neather verification in the

target area.

2. Operational Sub-Mode II. In this sub-mode one crewman

observes the selected target through the mam optics while it is bemg

tracked and photogra.phed Th1s prov1des the highest degree of ver1f1ca.- R

tion of weather a_nd/or evaluation of the systems manned/automatic
performance. It is also possible to view the selected target through the.
ATS while it is being tracked and photographed. This capability'requires
different 0'peratit1g .preciedﬁ;es'f:gr the flight crew (see Section IV, c). '
Fewer targets will be \_"i_eveed bytlf‘x'e flight crew pric;r to the decision in

_ this ‘mode because ene étewman is busy viewing through the main optics
when he could be vie&ing e.nd making inputs on targets in the next group.
This mode will be very usefu.l in verifying, d1agnos1ng. and evaluatmg |
automa.tm systems performance.

This sub-mode may be further rhodified to require that one crewman

continually observe thr'eugh the main optics dtzring slewiﬁg: and-settling, |
as well. as during tracking and photography. | |

No mode changes within the airborne digital computef (ADC) are

rrr:ﬂggfgm gnIm
B cfpien Bd BoEal
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necessary to implement all the provisions of this gub-mode; however, -

' the mission planning software should take them into account to maximize »‘

_the efficiency of the ATS schedules. | ‘
B. Mode B {(Back-Up). This mode assumes that flight crew inter-
vention, in some way, is necessary to allow successful photography.
No ‘a.ttempt is made here to identify every possible flight crew action or
‘ operéting mode that may be‘dictétefi by c‘ircumstances. Several |
operational sub-modes are identified which iilustrate how some of the
main system failures are handled by the flight crew. Continuous study
is unde’rway' to insure F}.lat the maximum capability of the mission payioad :
is maintdined as much as humanly possible for every rhaifﬁnctiox‘l. |
. _Contingency analysis and cfew procedures will be developed through
- simulation throughout program deveiopmen:c. Displays and controls will
- be modified as neceésa;ry to insure satisvfactory" accoinplishment of the

mission objectives.

1.( Operational Sub-Mode I. This sub-rﬁode is ﬁtilized. whenever
.the Imégé_ Velocity Sensor (iVS) ‘is not oper;ting satisfactorily (automatic.

- fine raterill:ing not available). Th:.s sub-mode requires that one crew member
view the target selected for photography through the main optics and
manually, through a controller, do the fine rate-killing task, This will
.reducc; the number of éargets viewed priof to a deci”sion time because one |
crewman will be tracking the selected target when he could havé been
checking targets in the next group. This mode maf be opve_rbated by both o
crewmen with either a "leapfrog" or "spécialist" téchnique. In either

Aeveht, eitltxer of the two ATS pafhé m.a).y.be.foliowed by the crewman making
inputs for the target selection procesvs. This sub--mode'requireé no

changes within the on-board computer. 'I‘,he signal from the IVS will be
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$row -
inhibited by the crew, and manual controller tracking information

will be supplied by the flight crew.

2. Operational Sub-Mode II. This sub-mode is utilized whenever

the automatic target centering/gross rate-killing is degraded but thé
IVS is working properly. This mode requires that both c rewmen center
and provide gross rate-killing on targets inspected in the group to
update pointing angles and tracking mformatmn for the computer. At
decision time, the computer would select a target,  apply the correctwns,
and slew and settle the main optics on that target. The IVS should then
fine rate-kill to provide bsatisfactory photography of that térget. This»
mode will reduce the number of targets viewed prior to decision time
due to the increaséd reqﬁirements on the crew to center and track targets
in their ATS's.

This sub-mode requires no changes in on-board cbmputer operation,
just the capability for the on-board computer to accept upd‘a.téd target
position and tracking information. This capability is an operational

requirement.

3. Operational Sub-Mode III. This sub-mode assumes that . |
target centering/gross rate-killing‘ and t'r..e IVS are all operating in a -
dégraded or unsatisfactory manne_r; This sub-mode is similar to [ and’
II and combines the features and handicaps of both. In this mode, it is
preferable to view the primary target first through the ATS and concen-
trate on assuring good photography ‘of_ it throughout the time normélly ..

~spent evaluating the whole target group. Provisions are proirided to
make thist;ossible w'ith no change. in the on-board computer logic, (Seé

Displays ana Controls, Section IV.) This sub-mode may be operated with

either a "leapfrog'" or "specialist" technique.
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4, Operational Sub-Mode IV. This sub-mode agsumes that the_~ '

pellicle in the main optics is degraded to the extent that neither the
IVS or primary optics viewing are available for fine.rate-kil_ling,‘ such

as caused by a damaged pellicle. In this mode the main optics would ‘

" be slaved to the ATS after a target is selected for photography. The

ATS would be held on the pr1mary target from initial acqu151tron until

the completion of photography, and fine rate-killing to the main optics»

‘would be supplied by the flight crew through controller inputs determined =
by viewing the target through the ATS. Moderate resolutmn could be |

: obtained when operatl_ng in this sub-mode. ThlS submode can only be
0perated through a "leapfrog" technique by the crew and a very limited

number of alternate targets could be utilized.

IV. DISPLAYS AND CONTROLS
This section discusses the clisplays and controls which are

| currently baselined for the mission bays (#2 & #8) of the OV. Extensive

. . simulation and contingency analysis will be accomplishe& throughout

- program de_ifelopment to insure 'a;:leqtiafe flight 'crew‘b'ack-up capability :
while maintaining overall system reliability and response to user-r.equire;
ments. Figure 1 shows a schematic of a typical mission console. -

Only the displays and controls-necessary to implement the operations .
éoncept will be discussed here, Other displays and controls provided
for crew information or to enhance photographic qﬁﬂity‘ﬂl not be
covered. | | o

‘A. ATS Path Controller Switch. This switch is a three position

switch located on each mission console which selects the path followed

by the ATS on that console. From either console, either of the two ATS

I

A
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paths may be selected. Both ATS's may follow the same path which -
facilitates a leapfrog operation in Mode B, The third position of thig ‘_ "
switch is labeled "PRIMARY". When the ATS controller switch is -

pla.ced' in this position, three things happen:.

1. The ATS path which contains the primary targets is selected .

for viewing.
"2. All alternate targets on that path which were scheduled to
o be. viewed prior to the primary target of each group are deleted.
3. The automatic stepping function of the ATS is inhibited for
active, inactive, or override inputs to the computer. .

Alternate targets' scheduled for viewing after the prima'ry of each
group are still available for viewing and photography if the primary is
covered. Activating the REJECT bﬁttén will cduse the ATS to slew to
any remaining alternate of the group on the path conté.ining the prifn;ry :

‘targets. | v
: .. The PRIMARY position of this switch allows implementation of Mode B,
Lo Operational SuS-Modes I and IV.. These sub-méde;s willlrequire a
| crew member to operate on a primary target from initial acqu131t10n in
‘the ATS through tracking and photography of the target,

‘The ATS path 1 and_ 2 positions allow selectivity in the path to'be
monitored durixig one-man ﬁperation (if two paths al"e suppliéd by the
ground-based mission plaﬁning software) and are useful in:implementing
various' forms of leapfrog, specialist, or hybi-id 'operatidﬁs when |

_ operatmg in Mode B. I B | .

B. Acguisition Scope Eyep1ece Display System. This display system

3

is composed of a time display and an information display. These displays

are common to both ATS éyepieces.' (See F1gure 2.)

12 D - A‘;Puzsﬁs 4 Eﬁs Eo 18 ZT”EY.EIY{QNV




NRO APPROVED FOR
RELEASE 1 JULY 2015

et pid
R
4
o

1. Time Display. This display consists of an outer ring .Of

twenty-five small white lights and an inner ring of twenty-five small.
green lights. The appropriate number of white lights are lit at the star.t‘
of viewing of a particular target group to indicate the total secondé rema‘in‘-. 3
ing until the computer will make ‘a photographic decisioﬁ on fhét target |
group. These lights will wipe out at one second intervals unt11 decision
time is reached at which time the display will be re-initialized by the
~computer for the next target group. |

The small green lights will be selectively lit by the computer to-denote

ground computed recommended maximum viewing times for a particular

target of a group. In the example given in Figure 2, if twenty white
“lights were lit, there would be twenty seconds to group decision time.
" As the white lights wipe out at one second intervals, they will pass the

first illuminated green light (approximately six seconds later). A -

decision should be input to the computer on the first target viewed by that

time. The same information is supplied for the second and third target

- represented by green lights that are lit. This display provides the

additional information of how many targets are scheduled to be viewed
on that ATS path in each target group.

2. Discrete Target Status Lights. Ten small lights are pro-

vided in each eyepiece to provide the ﬂight.cfew the ‘following_ information:
(a) Primary target being viewed. | |
(b} Active Indicator target beiné viewed.
(c) Wgather alternate being viéQed. |
(d) Visual intelligence target being Qiewed.
(e) Mandatory primary being viewed.

(f) Benchmark target being V1ewed

PN | ,
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In principal, much fﬁore information could be displayed to Athe crew -
including cueing information, i.e., the class of target being viewea
etc., through the use of a s1mp1e codé.’ Sxmulatxons will be accomphshed ’
to determme just how much information can be g1ven to the flight crew |
on this display Without detracting from their primary task of ta_,rget:

viewing. An additional ten small discrete lights are provided at p'resen';‘

for possible cueing information,

C. Acquisition Hold Button, Depressing this button allows the flight

crew to continue tracking a target with their ATS after the group decision -
time has been reached. This button, in conjunction with the PRIMARY :
position of the ATS controller switch, al}ows the primary target.to be |
.-tracked from initial acquisition through. the completion of the ﬁhotographic' o
. sequence on the ATS if desired, To release the ATS to the' next target S
group, the REJECT button must be depressed. This will no;;' be inter- A' o
preted by the computer as a target input. . -

D. Main Optics Eyepiece Display System. Displays in the main =

optics eyepiece are being studied, which will give the crew some or all ~

of the following information:

the seleeted target.
2. Event indicators to supply the scheduled number of exposures
: and relative exposure times (allows 1mproved centering between frames _
if sufficient time available). | |
| ‘3. Secondary camera scheduled exposure.
The amount of information incorpofated in the mein optics eyepiece
display will be determmed on the basis of operatlonal need, complexxty,

|

|

|

|

|

|

|

: 1. A timer wipeout of the scheduled photographic sequence for
|

‘ and system cost. Simulations will be used to verify the requ:.rements
|

|
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E. Primary..Optics/ATS Magnification/Zoom Controller. This

controller is a throttle type controller which controls the magnification b‘
of the ATS in the lower range and the primary optics in the upper
range. Moving the controller from the highest magnification on the
a 'A‘I‘S to the primary optics range (left) releases the ATS to éfey ahead = . .
| to the next target group if it. has not already done so; Tﬁe cohx.a"t:"oller- »
has three of the flight crew targe{: input buttons located on it (‘ACTIVE',- .

INACTIVE, and REJECT).

F. Override Button. Each mission console has an OVERRIDE

. button located on it. It is purposely remote from the other target input o
b;.zttons. This button will operate on a first-come-firstherVéd basis
“when used on any ta&'get in a group and willl then be ina.ctiva_ted until the -
. next target group. This button is used to commit the main optics to a |
particular target in a group without considering the cofnputef target’
‘selection logic. It is envisioned that this button will only be used on thg |
extremely rare occasions that a particular target is éo highly Mactive!’ .
 (much more sokthan that activity indicated by the pre-defined activity

indicators) that it is of extremely high technical intelligence value.

G. Primary Optics Control Switch. This switch is located on panelv :

1 C and allows the primary optics to be éwitched from console to console

as directed by the computer (autométic position) or to be manually

locked to one console o';—the other. It will be useful for 6ne;man Qperations;_o_'r '
fqr implementing ''specialist" ope'rations in Mode B. In the "automatic |
position', the computer will assign the primari opﬁcs to that console

. which made the target input that was dominant in the target selection logic-._‘ _

H. Rate Null Switch.  The IVS may be turned "on" or "off' with this
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light or as determined through primary optics viewing, it may be turned L
off by the flight crew and IMC can then be done through the control t?tick; -

I Control Stick. A single control stick is present on each mission

console which controls both the ATS and main optics.  ATS control is

'ava.ilable any time the ATS is "on' and the magnification con_t:zoller

(See E.) is in the ATS range. In order to accomplish manual IMC, the
primary bptics must be assigned to that mission bay (a,utoma"cically or
manually), the ﬁagnifiéation controller must be in the primary 0pticsb k
range, and the IVS switch must be "off'". B o

. -J. Computer Update Button. When the computer update button is

-~ activated, the computer updates the p051t10n and tracking rate of the target -
- being viewed. This allows centering and gross' rate-killing correchons
" made in the ATS to be passed on to the primary éptig_:s by thé comphter; »
If the target being viewed is ﬂagged by the mission planning_ software as
" one whose geographic position is very accurately knoWn, (i. e., benc_hn.:'ark‘.
target) then the position update will be _a.ppiied to update the eph.eme;'is_ ‘ A

(landmark navigation).

V. SUMMARY
This concept, in its pre‘sent' form, stresses:

- A. A simple flight crew/computer interfacé in the target ‘selection
process. .
B. Flight c.rew capability for immedié.te reaction to mission con-

tingencies with minimum mission degradation. | |
C. Validation for ﬁnmanned flights. J )
D. No on-board cdmputer logic changes to h'andle contingency sit-

uations.

D) -Seeqer-SPECIAL z&&a@u v.;mﬁ

CONTROL SYSTEM ONLY.
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E. The requirement for the 'mission planning software to efficiently a E
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handle various operating situations.

Operations concepts for the MOL/DORIAN system will be c@ntiﬁu'Ously 3
studied as the program develops. Effort Will-be appiied to insurg» - |
reliabiiity, flexibility, response to user requirements, and the 'éccdmi)lish-' “

3

ment of all mission objectives. oL

17 ] o
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