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Preface

The concept ot plannmg a mission for a military aireraft is probably as old and well established o« thag o the military aireraft
1self. but until recently the methodology and technology associated with mission planning had received onty imited attention
from scientists and engineers, The last few years have, however, seen a marked increase in the attention given to mission
planning both by the users, who are demianding improved facilities, and by the supphiers. who are able to provide inereasingly
more capable svstems. As a result, the Air Forees of many of the NATO countnes are procuring few and advanced mission
plunning systems that hase capabilities tar in advance of those previously available.

The principal reason for this chanige 1s 1o be found in the way information technology 1s Pring apphied throughout the airborne
and on-ground clements of the Air Forces. Modern military aircrafy are equipped with avionies sunes u, which the individual
tunctions of navigation. flight control, communication, ete. are interceanected to form a single coherent system having at least
some of the charactensties of mielligence. On the ground. informaton on terram., enemy and friendly forces, targets. ete. is
correlated and distributed in networks to become available at ground stations or ships where it may be needed for planning
rDONES. £ ol 10 THe aadiT GEa ttisatom 1 1 Huactosat ¥ 00 100 e w1 ONICS SYstem by providing to it a large amount of data
from the on-ground network, and this forms one of the most important functions of the modern mission planning svstem,
Inctuded in the data to be toaded are the plans of the speaitic mission and the generation of these. that typically involves the
airerew, introduces the ides that the planning process also includes o sigmificant clement of review and rehearsal. Madern
Mission planning systems use the new techmques of information teehnology to streambine the whole process of planming, review,
reheuarsal, data tiltering and data transfer.

AGARD Joint Working Group 15 was established to review mission planning systems and to consider how they are likely 1o
evobve inthe futare, Its terms of reference speetfically included m-fught misston planming and nussion rehearsal. and speciticd a
two-phase program of study. This advisory report covers the work of Phase One only.

Ihe Working Groups members met five times during Phase One: The Ciroup’s work was considerably assisted by presentations
and demonstrations provided by organizations in host countries. Additionally, some members of the Group atteaded a meeting
urganized by NAFAG where problems of mteroperability of mission planming systems sere disctissed. The value of the
contributions thus made by many individuais 1y gratefully acknowlcdged

The Working Group's studies duning Phase Two will concentrate an speaific arcas i which rapidly changing technotogies ure
expected o resuftin major nes capabilities in sy stem pertormance, These will be deseribed ina subseguent report. Durning this
phase the Group will continue its participation in the further NARFAG actiates on mission planning system iteroperability
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Préface

Lo coneept de ta planitication des missions est sas doute aussi ancien ¢t aussi connu que celur de Cavion mulire buememee
mats Jusqua cos derniers temps la communauté scientifique shavait préte quune attention imitee i la méthodolowe ¢t la
technologie associees a L planification des missions. Or, ces dernieres anndes ont ete marquées par ug regain Jinteret pour cc
supet. tant de a part des utihsateurs, qui rechiment des equipements ameliores, que des constricteurns, gur sont en mesure
doftrir des systemes de plus en plus performants. Par conséquent. fes farces acrivnnes de plusicuts pays membres de FOTAN
Sapprovisionnent en systemes modernes et sophistigqués de planstication de mission qui depassentde lom Tes capates deveus
Jusquiors disponmbles

e changement Sexplique essentiellement par la fagon dont les teanotogies de timtormation sont uslisees par fes umites
navigantes et les unités au sol des forees acriennes. Les avions militaires modernes sont pouryus de compartiments avionigues
ot fes fonctions de navigation, commuande de vol, telecommunications cte.. sont conguguees enin seul systeme voherent i
possede 4u motts certaines caracteristigues de Vintelligence humaine,

A solles rensergnements concernant le terram, les forees anties ¢t ennepties, les objectifts cte - sont correles ef achemines pu
des FOMCALN JUSGH MUY STAtiONS LeTTCNRes o1 aua avires ou b sont exploites pour la planification.

Avant de lancer Ta mission le systeme avionique dost ¢tre iitiadise en v entrant un grand volume de donndes tournu par fe rescau
ausob Clestune des fonctions fes prus importantes des systemes modernes de planification des missions Les donnees quis somt
ERVTIINTSTON

mtroduwies comprenrnent fes donnees specitigues a L mission, qui sont claborces avee la participation des cqupay
activites de planificatton comportent un ¢lément non neligeable d'etude et de amulapon Tey nouveaus systemes e
pranification de Y mission font appel a de nouvelles techmigues ntormatiques gui permcttent Jde simphitier of daceclerer b
plantticanion. Pactualisation, Ly simulation. le filtrage of [¢ transfert des donnees

L ¢ groupe de travail commun 15 de FAGARD a eu pour mandat d'érudier Jes systemes de planitication de L nission o1 de
reflechir a leurs evolutions posstble. Ce mandat fart mention en particulier de tu planification de T mussion o soll et de b
simulation de la mission, dans Te cadre dun prog
paase des travaux unguement,

aomme detide e deux phases. Corpporn comsultant tate Jde b promene

Les membres du groupe de travinl < sont reums cng fois peadant cette premicre phiase, Lo eroupe o benctiowe ceademens dun
certain nombre de presentations et de seances de demonstration organisees pac foes diftérents pass hotes. \uss ceriuns
membres du groupe ontassiste 3 une réution orgimisee par ke NAFAG durant quelle les problemes doe Vinteraperabidine does
svstentes de planttication des missions ont ¢te diseutes Nous (rons & expnmer potre grantude pout bes contnbuions
apporices winse pat de nombreuses personnes

Lo ravaus de la deusiemie phase porteront sur des domanes speahiques ondes technaodogies en plene evoluiion deviaent
pormettre dscoroitre considerablament les perfornimces des systemes Ces aspects seront ovannnos dans s tappor tulicnica
Pendant cette deunieme phase les membres du groupe conbmaerant o patticiper aoy sorares NAFNG conceriang

Uinteroperamibte dos svstemes de planification des missions
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Chapter 1
Introduction

I.t. THE SCOPE OF THE WORKING GROLP.

AGARD Joint Working Group 15 was authorized in 1988 and
cammenced work in February 1989. Its members were
nominated by the two AGARD Panels (Acrospace Medical and
Avionics) that were responsible for establishing the Working
Group and for 1ts operaton, together with two other Panels
{Guidance & Controi and iiigin Mechanics) whose areas of
technizal interest were also relevant to the subject matter of the
working group. The involvement of these nominees from four
AGARD panels can be seen as an indicalon of the interest that
has recently been generated by advancements in the field of
mission planning.

The authorization of the Working Group was in recogniion of
the rapid Jevelopment in the state-of -the-an n various pre-flight
activities that can be grouped under the tide "mission planning ™,
that are amed at maximizing the effeciveness of a mibitary
sucraft, including aircrew, in the suhsequent mission. It was
perceived, during the preparation of the terms of reference, that
much commonality existed between the data used in pre-flight
plannng and that used during the mission, and the scupe of Uie
Warking Group was defined to encompass planning and re
planning both pre flight and in-flight. ft also became apparent
that the use of powerful airborne and ground-hased data storage
and data processing would allow aircrew to examine 1n detall
some critical phases of the mission before actually flving them,
leading to the con<zp* of mission rehearsal as an extension of
mission planning.

The Working Group was authorized to conduct its stuchies in two
phases. Phase One was (o cover an assessment of the overall
concepts and the technical possibilities, together with the
wentificanon of critical technologies. The Working Ciroup
decided during Phase One that their siudies should be orientaad
tuewarls systrm tasks and features as well as towards
technologies, and hence the conclusions of the Phase One
studies included the listing of 2 vartety of topics that were
assessed to be worthy of lurther examination in Phase Two,
This reprt has been produced at the conclusion nf Phase One,
and henee forms an interim report that is intended to provide a
foundation for the tollow-on activities of Phase Two. The © ca
identified as potential Phase Two study topics are listed in
Chapter 8 of the repont.

The planning and execution of a military aitcraft mission,
whether for practice in a peace-lime situalion or in umes of
tension or of war, implies that authority has been given and this
authonity will usually incorporate some consiraints such as
timings, routes, or rules of engagement. Tne planning and
authorization may involve a number of levels within a chain of
command, the degree of detail increasing progressively at the
lower levels. The Working Group decided to concentrate ils
studies at the lowest levels, i.e. at the level of a squadron of
aircraft operating from a single air base or from a single ship.
Even at this level, the interaction between the planning and
control of a single aircraft or a small group of aircraft and the
control of a wider bartle that may involve other assets sich as
sea and ground forces has & profovrnd idluence upon the low-
level planning system requirements. In some types of mission
the aircraft may be operating in an essentially autonomous role

because they are unahle or upwilling to communicate with other
assets. while n other vpes of mission a high Jdegree of
collaboration and communication may be an essental feature
Thus, although the Working Group had originally intended to
develop a generic model of a planming system that wouid
encompass the whole range of possible aircraft types andd types
of operation, this proved 10 be an unproductive Convept bog guse
of the dissimilarities in the control and in the flexihbilay allowed
Qur studies thus concentrated upen four speaific types
operation that could be specified and analveed with soeme
exactness, in the belief that these contained a suflicient range !
different control and planning constra
representative of all current and future sperations

W8 1 he regsonehiy

An essenbial element of the Phase One studies that are repaortd
in this Interim Report has been a review of the meth
currently used for mission planning by the Setvices 1o cach

the participat’~g natons  These methods range {rom ser
simple formulation of plans, using standand ;
use of current state of the art compuier by
reviewed were the systemns that are currently be

manufacturers in several countries that o
refinement and advancement over curre
these we have called "emerging <y stems
and emerging systems provided an essential base 107

further ahead o systems that are Lkely to be dovels

middle to fong term.

1.2 FORMAT OF THE INTERIM RFPORT.

Following this mtroduction, Chapter 2 provides a b kground
the remainder of the report with outline Ax--eprior. w4 g
mission plarmng svstem and of the chan of commuand 1
it has to operate e also deseribes the foir nussss v we

chosen far study by the Working Group

Chapter 3 defines nine charactenstivy of misseas i

systems that the warkiag group regarded as importani
subsequent assessments Chapter 3 as devoted to g devern
of the methodology of mission planming for cach o the
cheeen missions. together with au evaluation of the proced o
currently heing used.

The large number of systems that have recently heen andg an
currently being brought into use are covered m Appendiv \ i
Chapter 5. Appendix A orovides outline deseniptinns of
sample of them and Chapter § provides sow.. commints an the
performance in relation to lhe charactenstivs defined
Chapter 3. Using these systems as a haseline, the reguiremenis
for future systems that will give improved performance are
outlined in Charter 6, this 1s pnimarily concerned with grousd
based systems but some theught is given (o the use of mission
planning systems in the air

Chapter 7 summanizes the results of the Phase (e studies and
Chapter 8 provides a list of some 1opics that are considered 1o he
appropriate for further study in Mhase Two.
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Chapter 2
Background

2.1. DEFINITION OF MISSION PLANNING.

2.1.1. Functional Description.

In functonal terms a ground based mission planaing system is a
system that allows al] the available and pertinent information w
he used to plan a mission 10 achieve certain objectives in an
optimum or near-optimum way, and also allows data that
tescnibe the mission 10 be loaded into the aircraft. The estliest
systems, and even some of those in use today, are no more than

Sly of printed data (maps, manuals, intelligence
reports, cic.) together with a simple manually operated
calvulator that allows routes to be planned. These have evolved
intor the more modem equivalent that comprises a computer with
v arous npuyouput channels and a range of peripherals such as
displays.

an assey

Systems that conform to these descriptions generally have 3
shape similar to that shown in Figure 2-1. This diagram
tilustrates that a mission planning system is similar to many
other data processing systems based around a small, powerful
computer, and this is confirmed by the picture of a typical
modem ground-based system shown in Figure 2.2, However, it
tias not generally been the practice 1o use general purpose
workstanons for mission pian:ing purposes, and this i1s because
mission planning requires some unusual hardware features as
well as unique software. Principal amongst these is the need to
store, process, and print highly detailed maps  Recent
developments in commercial workstations have significantly
improved their capabilities in these areas, and it appears
probable that futire mission planning systems may be

implemented using workstation hardware and software that 1s
commercially available.

The inputs to the system comprise data armving v:a
communication nets into which the system 1s coupled. Some of
the data may be entered manually but it s anticipated that,
increasingly, data will be in a form that can he directly inpui
into the mission planning system computer  The principal
output is the mission data o be loaded into the aircraft via
cassettos o sunilar devices. o carried aboard by the aircrew i
paper form. As mission planming systems hecome !
networks, distributing mission data via the network will hecome
an important requirement.

SUNTRT

The interface with the operaior is provided by various pountiry
devices, i.e., the mouse, trackball. digiuzing puck, keyhoand,
and display. The keyboard 1s fairly typical and the display <
now usually full color and of a higher resolution than provided
in many workstations

Because mission planning systems of the fonm shewn o
Figure 2.2 have the capability w accept and prowess Jaia and o
format it so that 1t can be leaded nte an aireraft, tus capabid

can be used for data not concerned with mussion plannmg, » ¢

data on IFF codes. Sumilarty the systems can be used tor down
loading and subsequently processing data at the end ol a flight,

(¢.g., maintenance data on aviomcs and uttlity sysiems
usage has not been considered duning the AGARD W
Group studies, but could be significant in the contew of future
NAFACG stuches on interoperability

N

OPERATOR

INTEL
SYSTEMS

manual
data ertry

KEYBOARD

DISPLAY

COMPUTER

LOCALDATA
STORE

LINKS TO OTHER
MISSION PLANNING

!

STATIONS

PRINTER

AIRCRAFT
LINK
(c.g.. Cassette)

v

Figure 2-1. Schematic of a Typical Mission Planning System
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Figure 2-2. A Typical Mission Planning System

2.1.2. Key Objectives.

Fhe rapd advances in the techniques of mission planning have
“obe seenn the context of parallel advances in other areas of
etonaton technology, notably in on board avionies systems
ik communications netwarks. Pre-flight mission planning
vy then be desonbed s a provess in which data s fused,
crered annd compressed before heing transferred into the on-
saard syatemn for subsequent in fhght use. Wath the increasing
conplexaity of on-board systems, and particularly their
swrporanon of terram based information, the need for much
caproved mission planning systems becomes clear and
sovitable, otherwise the planning process will be slow and
Lttt o use, and the data supphied 1o the on-board avionics

cveient woeadd be imadequate.

Phe soatrocn Table 21 lists eight key objectives for future pre

! unssion planning systems. Although all of these are
catniated 1o be of real importance for most operational
masaions, the degree of importance does vary according to the
meaen For each of the 4 missions studied by the Working
Caronp, the objectives that are particularly important have been
oan with an asienisk, some of the background justificaton for
s assessnent is provided an subsequent Chapters of this
e port

e matnx shows that 4 objectives are regarded as of pnimary
nnpartance for all the miscions studied. The first 3 of these are:

« Improved Auack Effeciveness
« Increased Survivability
« Improved Coordination

OF these, the first two are both aimed at devising a mission plan
in which the aircraft has he best chance of achicving a

satisfactory mission result. The third is an acknewledgemernt of
the importance of optimizing the mission plans within a scenario
of a complex array of collaborative force assets that must he
properly coordinated to produce the best chance of nussion
success.  The fourth objective of primary importance s
interoperability, the need for which is clear on both a nationai
and a NATO basis. It is unfortunate that nteroperabiliny
becomes less easy to achieve as the complexity of mussion
planning systems (particularly their input/output characteristics)
increases. Tt is clearly a topic that will require considerable
attention and effort in the future, and it is addressed in several
subsequent Chapters of this report

2.2. CHAIN OF COMMAND IN MISSION PLANNING.

The difference in mission planning functions between wartime
vs peacetime is decision authorily, responsibility, tvpe, and
amount of asset control. After higher authority issues the strike
planning order, prebability of success for various mission
options is evaluated by command fevel planning teams. The
decision to execute a mission is context specific. For example,
the surike order to demonstrate national resolve during
peacetime at the Natonal Command level; during wartime,
however, the strike order originates no higher than the theater
level. The mission planming funciion is different for levels
within and between the various levels of the command
hierarchy. To illustrate these differences, a Navy command
hicrarchy was selected that is composed of four levels: theater
or commander-in-chief (CINC), batle force or batle group,
strike warfare command or carnier wing commander. and route
planner, targetecr, and weaponeer.

The theater or CINC command level require data on state of the
deployed forces. This information includes the position of the




TABLE 2-1. Key Objectives for Pre-flight Mission Planning.

MISSION
OBJECTIVE AR CLUSE AIR SUPPORT AIR
DEFENSE (Fixed-wing)  (Helicopter) NTERDICTION

Reduce Planning Time & Errors * *

Reduce Planning Workload *
Improve Attack Effectiveness * * * *
L .crease Survivability * * * *
Improve Coordination * * * *
Increase Safety *
Improve Resource Management * *
Interoperability * * * *

Note: **" indicates that for the mission concemed there is a high priority associated with that objective

Rattle Groups/Forces, land-bases and detached units. Types of
detanled information required include extent of damage, number
of aircraft available by type. and critical shortages of weapons,
fuel, or other material. Other types of information include
polincal climate, rules of engagement, weather conditions, an!
intelligence information.

I'he Battle Force/Baitle Group command level requires
irformation such as position, darnage level, status of armament,
principal sensors systems, critic  shortages of surface ships.
political testrictions, tules ot ngagement, and weather
conditions,  This information is critical for review of pre-
planned missions, editing the suike plan, and effectiveness
assessment of integrated military assets.

The strike planning command level requires more detailed but
simitar information as the Baule Group. Status mfoimation
required tncludes readiness information on ships: position,
course, endurance, sensor data, weapons available, damage
levels, and time 0 repair, and on aircraft: availability. time o
repair, complete weapons inventory strike, and weathes, that 1s
critical at this level.

Such data would likely come from sonarces highert in the chain of
command. The major function of the strike planning board 1s to
review and modify strike plans. The level of deail required
includes parameters such as individual fuel states, weapons
loads, routing 1o the target, intelhgence data about the targel
area, and enemy defenses.

I'he final command level echelon is the route planner/
weaponcer/targeicer. At this level, detailed information is
needd on weather at the target and along the planned ingress
and egress routes, and detailed information on the target arca,
layout of geography, (defenses, and assigned targets). Such
required information would also include updates on defense
strengths and positions, changing pohtical conditions, and
information on allied or neutral forces that would be involved.
Plans hased on this informaticn are iterated until the leam is
comfortable with the probability of success.

Since the mission planning information is required at all
command echelons within the Navy, it will be assumed that the

same conditions will prevail for the NATO command structure.
The question is, "at what echelon should the panel focus the
study effor1?” 1f the focus is on the lowest level (the squadron
level) the problem is much more tractable than for higher levels
in the command structure. However, the problems at the higher
levels may be more relevant to design considerations for future
mission planning systems. The fundamental objectives of this
study are o address the state of techniology for mission planning
systems and . recommend directions for future research. To
accomplish the objectives, this study panel focuses on mussion
planning systems that are employed at the squadron level, with
consideration toward expanding the scope 1o melude interoper
ahility issues among command echelon structures

23, MISSION DESCRIPTIONS.

As mentioned in Section 1.1, the Working Group found u
necessary to restict its studies to for different types of mission
These are best deseribed in relation 1o NATO defintions of
tactical air operations, that are themselves given in the NATO
unclassified publication NATO Tactical Air Doctrine ATP 33
(11 March 1976).

23.1. NATO Definitions of Tactical Air Operations.,

The four main types of tactical air operations addressed in thus
document are: offensive air, air defense, tactical reconnaissance.
and combat air support. Some of these operations are further
sub-divided by funciion.

« Offensive Air Operations tf conducted in an airfsca
environment are classificd as ant surface operations,
attack operations, and strike operations. I conducted in
an air/ground cnviconment, they are divided into
Offensive Counter Air (OCA) operations, (Battleficld)
Air Interdiction ((B) AD)  operations, and Close Air
Support (CAS) operations.

« Air_Defense Operations if conducted in an atr/sca
environment are classified as anti-air (air defense)
operations. If conducted in an air/ground environment




they are classifted as Defensive Counter Air (DCA) (Air
Defense).

Tactical Reconnajssance Operations are conducted in
both the air/sea and air/ground modes. They are
classified as: reconnaissance operations, surveillance
operations, and shadowing operations.

Combat Ajr-Support Operations are classified as:
Electronic Warfare (EW), Search and Rescue (SAR)
operations, Special Air Operations, Airborne Control
and Waming Operations, Mining Operations, and Aerial
refuelling operations.

23.2. Representative Missions.

The four different types of operational mission that were
selected for study were chosen to cover a range of different
constraints and features, believed 1o be reasonably
representative of most current and future operations. The
examples were selected to illustrate:

+ aspects that can be planned pre-flight and aspects that
can only be planned in-flight,

.

teroperability problems due 1o collaboration between
NATO-countries, or due to one force intervening in the
battle of another,

operations by the air force, by the navy and by the army,

fixed-wing operations and rotary -wing operations,

.

ume constraints,

identification (“friend or foe") and

.

communication problems.

Based on these criteria, the following four types of missions
have been analyzed.

The Al fe issj

Air Defense missions are designed 1o nullify or reduce the
effectiveness of hostile air action. These missions are lime
critical because the initiative is with the enemy requiring that the
majority of the planning be perforn.ed in-flight. Moreover,
warning of air attack may originate from one country (or force)
while the intercept is executed by another country (or force) thus
illustrating problems that may occur in interoperability and
communication. Air defense is geared to a potential air threat
and consists of all measures designed to nullify or reduce the
effectiveness of the attack aircraft or guided missiles in flight.
Air defense involves active and passive defense measures.
Aclive air defense is conducted to detect, identify, and destroy
hostile airbone vehicles that threaten friendly forces and
installations and has less variety in scenarios and is more time

enhance survival to operate. In the coatext of this study, only
active air defenses are of interest.

23.2.2. _The Close-Air Support Mission,

Close-air support missions are designed to support {riendl:
ground forces by attacking enemy lorces in and around the
FLOT. The typical close air support mission is a ground attack
against either a fixed installation or against a column of
troops/vehicles approaching the FLOT. The missions are
usuall, initiated by the army. Aircraft frequently attack as a
group of four, but other grouping such as pairs or larger groups
are also used where appropriate. Pilots may fly a series of
missions without getting out of their aircrafL, returning to their
base to refuel and rearm; in these circumstances the planning »f
the next mission is less sophisticated and must be carried out by
the group leader individually.

k] \ ck Heli fssia

Anack helicopter missions are designed to destroy massed
enemy forces with aerial firepower, mobility, and shock effect
The attack helicopter mission encompasses a variety of activitics
including: rear area operations; coordinating indirect fire;
suppressing cnemy air-defense artillery; reinforcing ground
maneuver forces; conducting joint air atiack tcam operations
with close air-support and field artillery assets; destroying
encmy communication and logistics assets; disrupting and
destroying cnemy second echelon and follow on forces.
protecting air assault forces; and destroying enenmy helicopters.

24, The Al iction Missi

Air Interdiction missions are air operations conducted to
destroy, neutralize, or delay the cnemy's military potentiai
before it can be brought to bear effectively against friendiy
forces; they are conducted at sufficient distances from friendly
forces, that detailed integration of each air mission with the fire
and movement of friendly forces is not required.

Targets for this type of mission wiclude; groups of tanks,
ammunition or fuel depots, as well as communicatons or €7
nodes. Deep Air Interdiction is specifically aimed at defeating
second echelon forces.

Air Interdiction missions are conducted by at least two aircraft
flying at very low altitudes. Most of the time, such missions aure
integrated in a raid with specialized aircraft supporting the
mission such as defense suppression, electronic warfare, and
escort fighter aircraft,

Planning air interdiction missions takes much work, and can
take as long the mission itself. However, in some cases deep air
interdiction missions attacking second echelon divisions (follow
on attack forces) may be executed using data supplied by
Tec 1ce aircraft obtained minutes before the attack.

critical than passive air defense, which consists of es that




Chapter 3
Assessment Methodology

3.1, ASSESSMENT FRAMEWORK.

The fundamental purpose of future mission planning systems
will not vary significantly from the fundamental purpose of
current mission planning systems. Future systems will
capitalize on advances in technology. but must support planning
for more advanced aircraft undertaking more complex missions.
For these reasons, both current and future mission planning
systems can be characterized within the same framework. This
framework is comprised of 9 basic elements, and is described in
the following Sections.

3.2. IMPORTANT CHARACTERISTICS.

The effectiveness of current mission planning methodologies
and of emerging and future mission planning systems can be
assessed relative to a set of performance characteristics that
comprise the assessment framework. In this Section, we define
9 characteristics that are critical elements in determining the
effetiveness and functionality of a mission planning system.
These characteristics will then be used to evaluate the
cffectiveness of the current mission planning methods used in
the four NATO tactical missions described in Section 2.3. The
9 characteristics are:

(1) Interoperability

(2) Database

(3) Communication

(4) Time

(5) Flexibility

(6) Ergonomics

(7) Deconfliction

(8) Mission Rehe-

(9) Growth Potent.
These characteristics are defined below. The definitions given
are derived, in part, from the following two documents.

(1) “Dictionary of Military and Associated Terms,” Joint
Chiefs of Staff, Washington, DC 20301, Dept of
Defense, June 1979

(2) "NATO Tactical Air Doctrine,” ATP-33(B).

3.2.1. Interoperabililty.

Interoperability is defined as (i) the ability of systems, units or
forces to provide services to, and accept services from, other
systems, units or forces, and 10 use the services so exchanged 1o
cnable them to operate effectively together, and (ii) the
condition achieved among communications or electronics
systems or items of communications-equipment when
information or services can be exchanged directly and
satisfactorily between them and/or their users.

Interoperability includes compatibility with command and
control systems, intelligence information and sources,
procedures, weapon sysiems, airborne and ground-based

navigational aids, data transfer media, electronics,
communications procedures and equipment for identifying
friend from foe, and cross-servicing facilites.

3.2.2. Database.

The database for a mission planning system comprises all the
data that can be made available for use during the mission
planning process, and that can be entered into the mission
planning system computer. It will principally comprise digital
data, but some reconnaissance data in the form of images may
also be used. A large part of the data is cither unchanging or
very slowly changing, so that update of this is rarely necessary
and is in no way critical. However, some of the information
(e.g.. the position of both friendly and enemy assets) should be
changed frequently to correspond to rapidly changing real world
situations.

Database updates may be required for both ground-based and
airborne mission planning systems. Database updating is the
changing of information utilized within the mission planning
system by replacement, addition, or subtraction of existing
information with more current information. The accuracy of the
information depends on the time lag between the occurrence of
the change in the physical world and the occurrence of the
change within the mission planning system's database. The size
of an acceptable time-lag depends on the type of information
and on how the information is to be used within the mission
planning system. The mission planning system must account for
both time skew, the difference of arrival time between two
connected pieces of new information, and the utilization of an
incorrect mix of old and new information (version skew).

Database updates can be performed in ground-based mission
planning systems or in the mission planning avionics on-board
the aircraft. In ground-based systems, the input may be made
cither by the operator or by direct link (see Figure 2-1.) In the
airborne case, updates can be performed pre-flight, in-flight or
post-flight, by either the pilot or automatically by means of a
data link.

3.23. Communication.

Communication is a method or means of conveying information
of any kind from one person or place to another.
Telecommunication is any transmission, emission or reception
of signs, signals, writing, images and sounds or information of
any nature, by wire, radio, optical. or other elecromagnetic
systems.

If there are no tactical constraints, communications can be used
between aircraft and beiween aircraft and controller (for
intercept control, database updates, in-flight deconfliction)
Communications may yield delays +f they have 1o be encrypied
Transmissions may be corrupied by noise or other sources. The
mission planning system must make assumptions about the
validity of communications data when recciving it and must
display mcasures of validity regarding the data to the mission
planner on the ground or in the air.




324 Time.

Time is defined as the dimension of the physical uniscerse that
al a given place, orders the sequence of events, and any
designated instant in s sequence, such as the time of day.
Aspects that are related to time may be on a relative or on an
absolute time scale. Examples of relative time scales that are
refated 1o mission planning are speed of mission planning,
frequency of database updates, response time between the
inquiry to a system and its response, and readiness for use of a
An absolute time is required for co-ordination and
Jdeconfliction with other friendly forces (or their weapons),
notably a desired Time-Over-Target (TOT).

system.

125, Flexibility.

Flexibility expresses the willingness 1o yield to the influence of
others, and characterizes the ready capability for medification or
change. by subsequent adaptability to a new situation.
Flexibility of a mission planning system is important in thal it
supporls the creative application of weaponry against targets,
Flexibility of the mission planning sysiem enhances
survivahility and lethality of the weapon system by allowing the
human component of the weapon sysiem to be utilized most
cffectively.

1.2.6. Ergonomics.

Ergonomics, or human faciors. is the discipline that uses the
understanding of human limitations and capabilities when
designing mission planning systems. Ergonomucs is an applied
science that draws upon several disciplines, including
psychology, physiology, anatomy, mathemalics. engineering,
and the physical sciences. Achieving an optimal fit of system
Tequirements to operator’s perceptual, cognitive, and perfor-
mance capabilities of the mission planner is dependent on a
complex set of factors dictated by the nature of design, the
inclinations and bias of designers, and the availability of usable
data resources. A mission planning system designed for
international use must consider the characteristics of the human
from a generic perspective, an individual perspective, as well as
a cultural or national perspective. Examples of ergonomic
design considerations include: how the mission planning system
detects and displays what it determines to be incorrect entries by
the mission planner and what resolution is required for visual
displays utitized in mission rehearsal.

3.2.7. Deconfliction.

Deconfliction is the avoidance of situations where specific
paramciers of two or more friendly delivery vehicles are

scheduled such that thewr proximaty violates the established
separation critenia for those parameters. Deconfliction s
obtained by separation in parameters such as time. space, and
elecromagnetic frequency  Deconfliction is required within a
force, between forces, and between servives (e.g , army, navy,
air force). Examples include:

» Qffensive Counter Air, In large groups of antacking

aircraft, conflicis may occur between airerafl und the
fragmentation of thetr weapons.

Close Air Support, The Air Force mtervenes in for
operates close to) the army s battle and operates amidst
friendly air defense fighters or by surface to-air missiles

. Air Pefense, Auacking enemy aircraft can be
mtercepted by other friendly air defense fighters or by
surface-10-air missiles.

The four examples in Section 2.3.2. Ulusiate deconfliction
aspects that are also applicable to other types of missions (e 2.,
air interdiction, tactical reconnarssance, tactival air support, and
combat suppoert operaitons.)

3.2.8. Mission Rehearsal.

Mission rehearsal refers W some specific sctivities that may be
performed (before the start of the mission) by the pilot and crew
that serve to improve mission cffectiveness. Such schivines
include previewing critical mission phases using visual, radar,
and/or IR imagery, practicing critical mission actuivities (¢ g,
pop-up. weapons telcase) and real-time simulation of the
mission using computer generated imagery.

3.2.9. Growth Potential.

Growth potential, within the contexr of this repuint
capability of a mission planning system te expund or invrease
performance or functionality in the charactenctics described
above. As an example, a single-user nussion planming systen

that has the capability w increase the realsm of 18 musion
rehcarsal ability by not excluding the capahiiiy o
communicaling with other single-user mission planning systems
has growth potential.  Another example s the abulaty of a
mission planning system to add a new display device, siwh as 4
helmet display, that would enhance the ability 1o perform
mission rehearsal.




Chapter 4
Current Mission Planning Procedures

4.1. AIR DEFENSE.

4.1.1. Mission Planning Methodology.

Air defense planning for an Air Base Defense or Aircraft Carrier
Batde Group, Battle Force (CYBG/BF) is the responsibility of
the respective commanders. Air defense requires a flexible
control of resources that include surface-to-air missiles (SAMs),
airborne early warning (AEW) aircraft, AWACS/E-2Cs,
tarikers, interceptors, and fighter aircraft. The resources are
applied to the defense of air bases or carrier groups, as

appropriate.

Air defense of the air base/battle group requires a plan to
respond o the flexibility and speed of enemy forces to counter
the enemy's effective air power. Speed is attained by early
detection and warning of an attack, and flexibility is attained by
having a sei of air defense systems that cover a large
geographical area and various altitude ranges.

The method employed to address these requirements involves
the distribution of resources to defend zones around the air base
or the battle group. The generic sequence of functions in air
defense for both the air base and battle group are:

(1) carly detection and warning of air attack, and
determination of location, direction, size and possible
intentions of the attacking force

(2) communication of attack details to active defense units
by tasking of manned aircraft (interceptors/
AEW/AWACS/fighters), or by launching SAMs

(3) control of interceptors and/or SAMs by point defense
command centers

(4) target acquisition and identification
(5) use of weapons

(6) simultancous but separate offensive counter air
operations

Early detection, warning, and determination of location,
direciion, size, and possible intentions of a hostile air attack
force are essential to the successful provision of air defense.
Traditionally, early wamning of an air attack has been provided
by ground-based systems. Conventional radar wave propagation
is restricted to line-of-sight, however, mounting the radar in
airborne platforms and spacecraft technology significantly
increases the theoretical horizon. Early detection of hostile
forces will remain a key challenge as developments in stealth
technology proceed.

The air defense commander's task is 1o ensure that defense
forces are effectively deployed 1o intercept the attack forces
assets and to efficiently use interceptors, SAMs, guns, etc., for
point defense. Key 1o effective defense is communicating, to
the defense network, the intruding aircraft's position, type, and
number, at a sufficient distance from point defenses to permit
full usc of the defense screen. Air defense depends upon pre-
assignment -f defense asscts, interceptors, and SAM systems to
pre-determined engagement coordination of communication
among the defense assets and contingency planning if conditions

degrade to the point where independent action is required by the
defense systems.

The major concern of the sector controller (on the ground, in an
AWACS, or E-2C) is to task differcnt defense systems with
targets that may consist of multiple elements, within a limited
ume span. [f the sector controller decides to use interceptors, he
has various options: aircraft with beyond visual range (BVR)
capabilities; aircraft with multiple target engagement capability:
or aircraft with within visual range (WVR) capabilities only.
Aircraft may be in an already established Combat Air Pauvol
(CAP) or still on the ground and scrambled from a Quick
Reaction Alert (QRA) depending on the defense context.

In intercept missions, detailed targeting can be performed by the
flight-lead (within 30 seconds). Simulianeous, but separate,
offensive counter-air operations by the enemy may intend to
attack the interceptor’s recovery bases; this may make the
intercept force vulnerable if it returns during or immediately
prior to the attack because their aircraft are exposed.

Planning Protocol. Initial planning is the responsibility of the
Command with the delegated responsibility for air defense.
Planning and tasking data concentrate on air space management
infermation and combined Allied Tactical Operations
Centers/Sector Operations Centers (ATOC/SOC) operations.
Protocol concerns include: point of intercept; airspace
coordination orders (ACOs); fighter engagement zones (FEZs);
missile engagement zones (MEZs); forward line of own troops
(FLOTY); offensive missions that pass through the combat air
patrols (CAPs); 1anker tracks; center points of racetrack orbits
("bull's eyes"™), also those of other CAPs; IFF swilching:
jamming procedures; and political boundaries. In addition, the
tasker has to consider alternatives (what to do if the defenses
fail? and what are the procedures and rules of engagement if
communications are interrupted?).

As with any mission type, the time span between tasking and
launch can be reduced by splitting the planning into a ground-
based part and an airborne part. Planning may be performed by
the tasking agency, by experts from wing or squadron, ot by the
pilots. The planning protocol involves ground-based or pre-
mission planning and in-flight functions.

Regardless of the way in which a mission is executed, activities
that can be performed pre-flight (and are not performed by the
tasking center) are:

+ decisions on weapon employment

drawing up of rules of engagement (ROE: "identify or
not?")

mission altitude

fuel calculations (“Joker fuel™)

iost procedures

standard approach and recovery procedures

optimization of engagement options and tactics,




» deconflictiun (intra-flight, and airspace coordination
relalive .o anti-air defenses)

CAPs use visual lookout and radar search to detect hostile
aircraft. Consequently, additional pre-flight planning activities
for CAPs are:

» expected direction of enemy attack

» radar search requirements

- mvreal cover of the aircraft of the CAP

« the patterns that are flown within the formatiorn.

+ the pattem that is flown by the defense force as a whole
Activities that have 1o be performed in-flight are:

« fuel calculations (before engagement)

+ selection of pre-planned options

» target assignment (intra-flight, and relative to anti-air
defenses)

The ratio between pre- and in-flight planning at the squadron
level depends on how the mission is tasked: CAPs are estab-
lished in & known area and may be pre-planned. On the other
hand, missions that arc scrambled from a QRA, have to be
almost entirely planned in-flight (including some of the pre-
flight activities listed above).

4.1.2. Evaluation of Current Procedures.

Inieroperability, Air defense planning is a combined manual
and automated process that is dependent upon the skills and
experience of command staffs. Inter-communication among
asscts is essential for the execution of optimum screening
patterns to prevent hostile actions. Assuming reliable
communication equipment, interoperability among defense
system assels is effective for routine operations. The problem
emerges during hostile action when the enemy assault force
deploys deceptions, e.g.. ECM to disrupt communications. Such
action severely reduces the overall effectiveness of the cl
network. Coupling the effects of deception with the continuing
requirement for command to control and manage multiple
communication networks and data links, to maintain cognizance
for detection, reporting and tracking of enemy targets imposes
high workload and stress on the unaided operator, and it is
possible that the expected 3 requirements are moving oeyond
operator capability.

Database Update. Accurate presentation and inter -prediction of
the latest available data are essential for speed and flexible
response to hostile action. Improvements are currently required
to upgrade the sophistication of display sysiems to improve
situational awareness within the defense network. Additonally,
digital data management techniques are required for real-time
transmission and update to the database, (c.g., threats,
meteorological conditions, position of friendlies, and
ransmission of the results of the defense system).

Communicatjon, For non-conflict area defense, UHF/VHF
radios and data links are used for the transmission of
information relevant 1o the defense screen. The limitations of
the current technology are rejated in Section 4.1.1 above.

Time. The enemy air force including missile and ECM sysiems
will attempt to exploit its strengths, flexibility, and speed. The

counter 1o speed is early detection of the attacking forces, and
rapid planning and deployment of friendly forces.

Elexibility. The counter o the enemy threat is to have, in place.
an air defense system that covers a large geographical area and
various altitude ranges with sufficient weaponry o neutralize
the enemy force.

Ergopomics, Air defense planning is currenty largely
performed manually. Preflight mission planning is restricted 1o
collating up 10 date information on war procedures, safe lanes,
etc. This must take the minimum amount of time when aircraft
are on Quick Reaction Alert. In-flight mission planning is
restricted to updating this information via the data link due
the rapidly changing situation. This situation places a high level
of decision making on the aircrew, decisions that need to be
made on the basis up to date information.

Deconfliction, Deconfliction is an integral part of the pre-
mission planning process. Extensive practice of defense system
routes reduces the importance of this issue.

Mission Rehearsal. Mission rehearsal is not currently

performed for the air defense mission.

Growth Potential. A digitized database update capability,
discussed in Section 5.2, is essential 1o a timely update of
defense system tactics. This capability is central to improved
interoperability for near real-time adjustments te protect paint
defense assets.

4.2. CLOSE-AIR SUPPORT.

4.2.1. Mission Planning Methodology.

Planning starts with an order o attack a particular target. There
are two levels of the planning task. The first is where an order
comes into a mission planning room; the cycle of this planning
acuvity can take from one to twenty -four hours. The second 15
where the next attack takes place with the pilot suill in the
cockpil; the crude planning task in this situation can take as litile
as five minutes.

The most common mission planning equipment used for CAS
are the ubiquilous maps, paper and pencils. Other more
sophisticated equipment has either been introduced recently or is
imminent. These are reviewed elsewherc in this report.

Ground-based Planning. The typical order provides the aircrew
and support staff, with such information as the type of target
(e.g. troops, stores, tanks), the type of attack (e.g. harass,
destroy), grid references of primary and secondary targets, time
on target (planned time and latest time), positions of friendly
troops and appropriate communications frequencies, in flight
call sign and frequency, number and type of aircraft. number
and type of weapons 1o be used, posiucns and types of SAMs
protecting each target. With this information the mission
planning begins in eamest.

For a multi ship attack, the planning tasks are usually allocated
in a pre-ordained manner between the crew members who will
execute that attack. The main task typically starts on s
1:500,000 scale map. First the current FLOT, Fire Support Co-
ordination line and IFF switch-on/swiich-off hines are drawn
Then the set routes and tuming points are drawn. These are
normally changed every 24 hours.




Next the attack execution is planned. A 1:50,000 scale map s
used for this task; this provides a detailed view of the terrain and
other focal features. The level of detail associated with this pant
of the planning task varies with the type of aircraft and the
procedures used by a particular force. At the simplest level,
attack planning is based upon an inmediate interpretation of the
map. At its most complex, it may include a 3-D preview of the
target zone consirucied from radar and/or map data. Once an
appreciation of the local terrain has been gained, IPs are chosen
and routes are plotted that include cross over patterns for each
pair of aircraft. Typically a separation of 5 seconds is planned
for each aircraft over flying the target. Collision avoidance
during crossover is the responsibility of the following aircraft.
Frequently a route is also plotied 1o an alternative or dump
target, so that if an aircraft misses its opportunity to attack the
prime target for some reason, the mission will not have been
wasted. Finally routes from either the main or dump targets are
planned to take the formation back to the day's sel routes.

Airborne Planning, The sophistication of mission planning is
effectively limited by the levels of technology available in
todays cockpits. The set routes drawn on the 1:500,000 scale
map will prohably suffice for the next mission, when such a
yuick turnaround is expected. Planning in these circumstances
will usually be done by the lead pilot using a 1:50,000 scale map
resting on his lap. Consequently the planning activities as
described above are done very crudely within a few minutes of
receiving an order. The rest of t» squadron is briefed over tie
radio and Lhe new mission data is entered into each aircraft
system, while the ajrerafi are being refueled and rearmed. It can
take as lite as 5 minutes for some squadrons to turn around and
be ready for take off.

4.2.2. Evaluation of Current Procedures.

Interoperability, Certain features will be required if an effective
level of interoperability is to be achieved for the CAS mission.
The most significant will be the introduction of compatible
command and control systems, that enable the timely
dissemination of intelligence information and of effective IFF
systems integrated with all friendly force equipment. In short, a
well designed information distribution system must be a central
feature of an interoperable mission planning system.

Database Update, Most current systems are not based upon a
digital database, and so the question of update does not arise.
However, as will be apparent from Chapter S (on emerging
systems), such databases will be the norm in the future. It is
importani that each database should have the ability to be
updated easily with the current information from elsewhere in
the system, without imposing an onerous task load upon the
relevant operator.

Commupication. Commumication is at the core of the planning
task, and yet as a general rule, once airbome, any transmission
during 2 CAS mission is undesirable from the point of view of
stealth. This generates the requirement for 28 comprehensive on
board planning capability, with the associated ability to transmit
a complete new plan to all interested parties, with the absolute
minimum of emission.

In the NATO scenario, problems are to be expected, arising
from the variety of equipment being used by the different
nations and also by the different forces within each nation.
Even if this were to be overcome, the problem would remain of
ensuring that the intended recipient of any message, has his

equipment configured in such a way as to enable him w receive
notification o” a change to a particular plan.

Time. Planning a CAS mission can ke from as much as 24
hours to as linle as 5 minutes. The quicker the plan is
constructed, the less likely it is to be effective, in that with
current technology. the available time will reduce the number of
parameters that can be taken into consideration. Mae
comprehensive mission planning tools should redress this by
evaluating a large range of alternatives and a large number of
relevant parameters in a very short time. We would thus hope w
be able to produce sophisticated plans in a very short time; a few
minwes on the grourd, a fuw seconds in the air.

Elexibility, Flexibility in the context of the CAS mission refers
1o the ability to adapt to last minute changes. This might be w0
new information received whilst the mission is acwually bei »
planned, or to information received while in the air. Currently
the amount of flexibility is curtailed by the limited amount of
data available once airbomme and the limited amount of time
available to dedicate to the re-planning functional. Typically,
the extent of plarning is limited in this situation to a quick look
at the map and a snapshot decision by the pilot, based upon an
amalgam of his current appreciation of the situation and his past
experience.

Another common cause of inflexibility arises when a flight has
had v deviate from its plannad route. The gioup ihen wypically
follows the leader, and so from that point the mission starts to
become inflexible. It would thus appear that current equipment
does not enable groups of aircraft o operate as {lexibly as would
be desirable in a dense hostile environment. Mission planning
sysiems should be developed specifically ta meet this
requirement.

Ergonomics, The planning of close-air support missions is still
predominantly carried out using maps, pencils, and stop-
watches. Routes are planned as a series of waypoints o an
injtial point from where the attack is planned. This would take
adventage of terrain masking and aircralt target runs from
different directions to surprise the enemy; and precise timing tw
reduce the risk of fratricide. Missions may need to be planned
in 2-3 minutes allowing minimal preflight planning or may necd
to be re-planned in flight.

Current mission planning is hampered by the lack of integration
of the data sources and the separation of the planning task and
the entry of the data into the aircraft system. To speed up the
process, the aircraft system should be capable of being updated
in flight and/or of allowing quick planning of missions on the
ground with the crew remaining in the aireraft, o increase sortic
rate.

Deconfliction. Deconfliction is planned at an operational level,
above that of the squadron, and is coordinated by reference o
times on and off the routes as set for that day of the battle. In
the region of the FLOT, IFF equipment is used to ensuse the
deconfliction of the airborne and ground based forces.

Mission Rehearsal. At present, mission rehearsal is performed
by studying the mission rlan using paper maps and through
crew briefings.

Growth Potential, In the short term, aircraft with data buses
such as 1553B, potentially have the capability to extend their
mission planning capabilities (albeit that extra processing may
be required). However, the financial and contractual hurdles
that would have to be overcome in order to introduce such
facilities, are 1o say the least, considerable. Nonetheless, an




expansion of the capabilities in this area can be expected, as
updates to current CAS aircraft and as a central feature in the
future.

Current ground based planning systems, other than those
introduced quile recenu;, would seem to offer little in the way
of growth potential, and we mugiit expect them to be phased out
and replaced by more up to date systems. Of those introduced
recently, such as TAMPS, and those that are imminent, Juch a<
AMPA, a growth polential w incorporate new features at a later
date must be an essential requirement.

43. ATTACK HELICOPTER.

4.3.1. Mission Planning Methodology.

The attack helicopter mission planning methodology, as it is
accomplished today, is a manual, labor intensive, and time
consuming procedure. The overall planning for the mission is
primarily done at the Aviation Battalion based on the Operations
Order (OPORD) which is developed and received from higher
echelons. The OPORD is analyzed and decomposed to a level
that addresses each helicopter company within the Bartalion,
and then forwarded to the attack company for refinement. The
attack company refines and tailors the Battalion plan in
accordance with its specific capabilities and last minute situation
changes.

The OPORD consists of descriptions of the current situation in
terms of the enemy, friendly forces, and weather status; mission
task, in a cleay, concise statemnent of the task at hand (whe, what,
when, and as appropriate, why and where); execution plan, to
include the plan of all supporting assets; service support,
including, Forward Area Rearm/Refuel Point (FARP) sites,
munitions, logistics, and health services; and command signal,
including communications, navigational, IFF, code require-
ments, command data, and time synchrenization.

The attack helicopter company commander is responsible {or
planning the mission once the OPORD is received. He is
assisted by a planning cell which consists of designated
personnel within the company. The planning process is divided
into scveral phases: mission analysis, concept of operation,
logistics, and command signal.

The company commander provides guidance to the planning cell
which is responsible for accomplishing intelligence analysis,
route planning, and semi-mission independent planning
functions. The intelligence analysis consists of updating the
current enemy threat environmeant, the friendly air defense
artillery plan, their present locations and projected course of
action as dictated by known enemy tactics. The current Intell
picture is then annotated on a tactical chart/map (typically 2
1:250,000 Joint Operational Graphic {JOG| map and/or
1:50,000 Tactical Line Map {TLM} of the operational area of
nterest [AOL)). The output of the Intell analysis feeds the route
planning operation.

The routes (single and multiple aircraft) are selected in
accordance with the mission objective requirements. Routes are
typically sezlected to avoid enemy threats in terms of
drectability and lethality along with consideration of readily
recognizable terrain features to be used for navigational
reference/check points. The selected routes are then examined
by the personnel of the planning cell who are responsible for the
semi-mission dependent planning functions.

It

The semi-mission independent planning encompasses
monitoring the weather conditions in the AOI during the
mission performance period, the communications needs, the
weaponization of the aircraft in accordance with the mission
objeclive, poiforming the weight anu patance for the aircraft,
and finally calculating the performance characteristics for the
aircraft based on the airframe capabilities. In other words,
determining if the aircraft can accomplish the planned mission
over the AOI terrain. Afier it is determined that the aircraft can
perform the musicn. the performance characteristics (weight
and balance, fuel required, eic.' are returned to the route
planners and the necessary kneeboard cards are generated. The
semi-mission independent planners also generate kneeboard
cards for the communications and weather information required
in the cockpit. The communications requirements are passed
along to those responsible for the command and signal portion
of the planning process. The command sand signal planners
develop the kneeboard cards delineating the communications
combat net radio assignments along with authentication codes,
unit names, and sub-unit individual addresses.

The output from the Intel analysis and the route generation are
consolidated with the original mission requirements and a
concept of operation is developed. This encompasses
examining the scheme of maneuver for both the aviation assets
and the ground forces being supported by the aviation mission,
the fire support requirements and available fire supports assets,
and accounting for sub-unit tasking ~rders in cupra-t of the
overall mission plan. The concept of operation is then annotated
as an overlay to those tactical maps of the AQL This
information is also passed to those responsible for generating
the vourdination instructions.

The coordinating instructions take into account the required
logistical support necessary o accomplish the mission. Based
on the concept of operation, the mission objective, and the
planned ingress and egress, the refuel and rearmament
requirements are determined along with the optimal lecatons
and ume-on-site. Coordination requirements with other units
are determined and the pertinent information is cither annotated
as an overlay lo the tactical map of the AUI or the appropriate
kneeboard cards are genervated.

The overall output of the mission planning cell iz all the
pertinent data, forms, and maps needed to perform the assigned
mission for each individual aircraft within the attack helicopter
company.

4.3.2. Evaluation of Current Procedures.

Interoperability, The current attack helicopter mission planning
procedure, at the company level, is done manually by the
company commander and assigned personnel. The plan is hased
wholly on the OPORD reccived from Baualion and whatever
locally developed information is available prior w the mission.
The attack company has limited communications assets and
interfaces 1o other battlefield assets which could be used for
coordination. Therefore, company level mteroperability/
coordination with other battleficld assets is done primarily at
Rattalion. However, where limited coordination, situation
update, and command and control are absolutely required it is
accomplished either over voice radio where possible, through
Wwrillen communications via messengers, or through face to face
meetings. The Bautalion level mission planning assets have
more communicalions capabilities available but sull are limited
in access o other battlefield arcas. Here again dependency on
voice radio, wnitien message taffic, and face w face n-
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prevalent. However, future developments in automated systems
will enhance both the Banalion and Campany interoperability.

Database Update, Since the attack helicopter mission planning
process is not automated there is no electronically maintainable
database. Thc data base used for planning is in the form of
tactical overlays obtained as part of the mission OPORD. These
overlays, or annexes. delail the necessary information from the
other battlefield areas such as Fire Support, Air Defense, etc.
Database updates therefore consist of annotating the various
lactical overlays as new information becomes available.

Communication, Current communications are limited, since the

organic communications assets of the attack helicopter company

are generally restricted to combat net radios. These are in the
renm

VIIFUIF fiequency spectrum and are inherently line of sight
Timited.

Time. Time is always a critical factor in mission planning. It
can wake a5 much as three hours of pianning for every hour of
actual mission flight time. Under the typical pressures of the
heat of combat, the time factor becomes crucial, and impacts the
quality of the plan and the ability 10 successfully complete the
mission.

Flexjbility. Flexibility in the attack helicopter mission planning
process is extremely limited. The OPORD is generally
sufficiently detailed at the company level to preclude any
significant deviations. The only flexibility exists in the
ohisctive area for ~leeming attock znd alternaic pusitions. This
is primarily due to the limited communications capabilities at
the lower echelons.

Ergonomics, Auack helicopter missions are planned using
maps, tactical overlays, pencils, stop-watches, and mission
cards, which contain basic mission data. The method is simple,
robust and soldier proof. The perception of these features needs
1o be retained in the development of future automated mission
planning systems to provide the bridge from the current manual
process to the machine aided type planning. This is essential in
order to gain user accepiance and confidence in the new
automated system.

Deconfliction. Deconfliction is currenily done manually. In the
rear areas deconfliction is accomplished through Air Traffic
Control (ATC) standard procedures and in the forward areas it is
left up to the planners by picking the proper ingress and egress
routes and the rigorous execution and adherence 1o the plan.

Mission Rehearsal, There currently is no mission rehearsal
<apability other than reviewing the available maps, photographic
data and flight plans prior to the mission. A mission rchearsal
function is necessary.

Growth Potential, The current process, being totally manually
oriented, has very little growth potential. Future growth can
only he achieved by replacing the present system with new
compuler-based systems.

4.4. AIR INTERDICTION.

4.4.1. Mission Planning Methodology.

The mission planning process at the squadron level mainly
involves the crew of the lead aircraft; however, the rest of the
formation does participaie. The planning process begins upon
the receipt of a mission order that includes a description of the

target, what should be done to the target (e g.. destroy or

neutralize), and when the target should be attacked. The tactical

situation is also described; it includes the FLOT, transit roads

aind locations, and known surface-10-air missile sites in the baitle
ca.

As a preliminary, the pilot estimates the feasibility conditions of
the mission (e.g., speed, need for externai lanks, in-flight
refueling) on a 1:500,0000 scale map. When the gross
characteristics of the mission have been determined, detailed
planning begins.

First the target is carefully examined on a 1:50,000 map in order
to determine the attack phase and the escape mancuver. The
target’s physical characteristics are analyzed and weapons are
selected (if they are not already prescribed in the attack order).
Next the weapons delivery sequence is determined as well as the
attack axis and spacing for the ditferen: airczaft of the
formation. These items are selzctx! Loe.Jing W wrgei ocatior,
terrain, weather, and defenses in the target area. The imitial
point is then selected and the rejoining procedures and escape
maneuvers are planned. In most cases these steps are iterated
until a satisfactory mission plan emerges.

The next step in the planning process is to plan the ingress and
egress roules. This step requires waypoints 10 be selected
between the starting base and the initial point and between the
rejoin point and the landing base. Waypoint selection is
determined by terrair, the tactical situation, and fue! and tme
constraints. The knowledge of the pilot about his own abilities
is also taken into account. For a crew of two of more, this phase
of planning is performed by the navigator. Once the waypoinis
have been selected fuel consumption and the missi
are computed. The times over the FLOT are communicated to
troops in the battle area for fire coordination. The entire process
is iterated 0 optimize the mission plan and to perform emor
checking.

y time-line

During the iteration phase of planning, if time permits, alter-
native plans are investigated and sccondary targets are analyzed.
The final step is w prepare for the mission; maps are prepared,
IFF procedures and COMM frequencies arc obtained. This
information is then loaded into the aircraft's on-board computer.

4.4.2. Evaluation of Current Procedures.

The planning process is a computationally intensive process that
is heavily influenced by pilot experience. Cuirent systzms
address the computational aspects of planning =2ir interdiction
missions (e.g., computing fuel and mission time lines) but do
not address the issues of data collection and pilot experience
Gathering the information required to plan the mission is a
particular problem. Much time is lost folding maps and
searching for information that sometimes does not exist.
However, the mission planners do favor some manual work and
reflection because it allows them to become more familiar with
the details of the mission.

Interoperability, For automated planning systems, interoper
ability is very limited because alinost every class of aircraft
within NATO has its own mission planning system that cannot
interact with other systems. This limitaton does not exist when
missions are planned using paper maps and pencils.

Patabase Update, Facilines o update databases on the ground
are quite exiensive, but there is currently no mechanism for
providing database updates to the aircraft.




Communicatipn. Communications are very limited; most of the
time radio silence is required so almost nothing is planned about
communications.

Time, The time required to plan an air interdiction mission
ranges from about (.5 (o 2 houss.

Flexibility. The flexibility of the current mission planning
process is very limited because time of arrival at the target is
critical and therefore there is little flexibility to modify the
mission waypoints. However, pilots are able to make minor
deviations to the mission plan to avoid SAM sites or to avoid
arriving at the target wo early. More significant deviations are
not currently performed because they impose too great a work
Ioa1 on the crew and because they make it difficult for multiple
aircraft w maintain formation.

Ergonomics, First generation mission planning systems are
used in some aircrafl types in producing air interdiction mission
plans. But these generally suffer from a poor user interface that
discourages the user and increases the likelihood of user errors.
Arr Interdiction Missions Can waa¢ Many hours to plan but n

most cases lime is not ¢ritical. Planning is performed using
phowgraphs, FLIR or radar pictures of the waypoints and targets
that allows Lhe mission to be rehearsed. In-flight circumstances
are planned for, such as attacks by enemny aircraft and swiltching
to secondary targets, minimizing the need for in-flight planning.
Once the mission begins, the plan is swictly adhered 1o,
particularly at night or in poor weather.

Deconflicion. Deconfliction is currently performed manually
by the pilot. Deconfliction in the target area is achieved by
rigorous adherence to the plan. Pilots rely on IFF and flight
altitude for deconfliction in and around the FLOT.

Mission_Rehearsal, Currently, mission rehearsal is not
supported by electronic aids; at this time it consists only of &
mission leader briefing other mission crews or of a single crew
member studying his mission folder or being briefed by
intelligence officers about threat and target characteristics.

Growth Potential, The growth poteniial of current planning
procedures and systems is limited and it is expected they will
soon be replaced with newer and more capable systems.



Chapter 5
Emerging Mission Planning Systems

In the past decade, the tremendous growth in computer
technology has made it pascible to automate many cof the
mission planning functions that in past years were performed
manually. Many automated mission planning systems are
currently being developed that offer the potential for mission
planning 1o be done faster, more effectively, and with reduced
crrors. In Appendix A and in this chapter, we review the
capabilities of emerging automated mission planning systems.
In Appendix A we give a description of nine mission planning
systems that were selected as representative of the types of
systems under development and review these systems in terms
of their applications, implementation and capabilities. During
the review, the similarities and differences of the systems are
discussed. In this chapter we assess the systems i.ing the
framework described in Chapter 3.

5.1. INTEROPERABILITY.

Interoperability of mission planning systems is desirable in two
TesSpects:

{a) In terms of the ahility of such systems to communicate
with a range of other component elements in an overall
CI network.

(b} In terms of their ability o interface with a range of
aircraft having different characteristics and different
hardware and software interfaces.

In hoth the above respects there are three types of
inicroperability which need 1o be considered. electronic,
physical, and ergonomic. Electronic interoperability means that
the emerging mission planning systems must be able to interface
Lo various inter- and intra-service, and intemational voice and
data networks. This implies that either common protocols
(standards) must exist or be implemented or that sophisticated
and complex protocol interrupters must be developed. There are
currently communications standards such as JINTACCS (Joinmt
Inieroperability of Tactical Command and Control Systems)
which can be exploited immediately for the exchange of
information. JINTACCS, although a US managed asset, has
been extended to the international community through NATO
agreements and therefore contains a significant amount of
defined message forms which are relevant to the needs of
mission planning in terms of gathering pertinent data from the
various battlefield areas. In addition to the protocol
interoperability, there must be some common communications
media available at the planning sites in order to obtain the
necessary planning data.  This translates into common
communications equipment such as radios and frequency
allocations, facsimile, and possibly a common language, eic.

Physical interoperability implies a multitude of common
characteristics which must be satisfied. In terms of mission
planning this relates to common planning hardware, databascs,
maps, ctc., However, paramount, is how a variety of different
systems interface with one another and how the ultimate output
from the mission planner intetfaces with the aircraft and how the
variety of different aircraft can utilize the different mission
planning systems which will populate the future battefield. The
standardization of a common Data Transfer Cartridge (DTC) is

required, however because of the diverse aircraft mission and
physical Gillecuces within the intemational community this i
not likely to occur. Therefore, emerging mission planning
systems must have the ability to readily accept physically
different DTCs along with the proper data formating and
electrical interface requirements for each of the compatible
DTCs.

Ergonomically, emerging mission planning systems must have
an operator inlerface which is somewhat transparcnt o the
operator. This means that any pilot/planner can sit down at any
planning system, with a minimum of familiarization, sud
perform the basic planning functions, i.e. route generation,
associated with his own planning system. This approach
requires a standardization of menus. presentaiion formats,
symbology, and to some extent a mission planning language
One approach could be i implement a Graphical User Interface
(GUI) running in a Windows environment. The GUI is
dependent on icons to depict functions and could bridge the
language barrier impediment associated with the international
community

Some emerging systems have hmited capability tn these three
respects, ¢.g., the U.S. Navy's TAMPS system desceribed in
A 1.8 that operates within 2 U'S. Navy comimand and control
network and is designed to plan missions for several USN
aircraft. Other similar systems arc listed i Table A 1. But
may also be seen from Table A-1 that there s currently no
interoperability between the services or hetween the NATO
countries, and this could seriously degrade the ability of the
NATO forces to cooperate as an effective pan NATO force

§.2. DATABASE.

The data that is 1o be used by a pre-flight mission planning
system takes a vanety of forms. It can be characterized into
three main types: data aboui geographic features and weather,
data about friendly assets that include both physical data and
tactical plans for their use; and data about the enemy's asseiy
Much of this data does not change rapidly and can be held at air
bases in a library or archive form. But some data, such as the
location of friendly or enemy assets, is likely to change rapidly
and hence mission planning systems are generally coupled 1o a
communications net from which update information can he
obtained. The types of data likely to be used in future systems
are listed in Table 5-1.

5.2.1.  Geographic and Meteorological Data.

Terrain data has historically bcen available in map form.
typically at scales of 1:50.000 or greater. This is being
superseded by digilal data that, in some areas, provides
resolution approximately equivalent to a 50,000 scale map, that
is sufficient for most planning purposes. However, it must often
be supplemented by more accurate altitude data in those areas
where very low flying is planned, e.g.. in the target area.

Cultural features are also shown on maps; and include ratlways,
roads, towns etc. Most of thesc are being included on digital
data bases and mos will require 1o be updated fairlv




infrequently. It should be noted, however, that some features
that are critical to aircraft operation and w mission planning
may not be reliably represented on data bases; examples of these
are tall structures such as chimneys, and power cables and
masts. Both terrain and cultural data may also exist in the form
of images obtained from reconnaissance aircraft and satellites.
This can provide much higher resolution than the digital data
referred w above, which can be particularly useful in generating
visual scenes, for example of potential target areas. Current
systems have only a limited capability for fusing together the
information available in digital and image form; as listed in
6.1.2, future systems may be expected to be much improved in
this respect.

Meteorological data has always been of high importance to
mission planning. It will be most useful in the form of
predictions, and hence cannot be derived directly from sensors
but requires additional intelligent judgement 1o be applied in
merging the weather data that will be available from a range of
sources. A network exists that is dedicated o the supply of
weather data to NATO operational units; much of the data is
currently handled manually and improved capabilities to
manipulate, display and apply this data are currently being
impiemented.

§2.2. Data op Friendly Assets.

Much of the data listed in Table 5-1 is in the form of numerical
information on the physical assets that will be deployed during

the mission, especially the characteristics of the aircraft
platforms, their weapons, and their avionics systems. For the
most part, these charactenstics will require mfrequent updating.
although the characteristics of individual aircraft (¢.g. measured
engine performance) may need W be updawed at a higher rate
Information on numbers of aircraft and weapons, their status and
availability is also important in planning and will require
frequent updating in a wartime scenario.

For land-based aircraft the airfields that can be used are well
established, but some types of helicopter and fixed wing aircraft
may operate from remote sites whose characterisucs and
location must be known. For aircraft and helicopters based on
ships the ship position {and anticipated position during the
duration of the mission) must be available to the planning
system.

The status of the aircrew is an important parameter in mission
planning, although characterization of individual crews 15 not
casily quantifiable and it 1s unlikely that this can be input 1o a
mission planning sysiem except as a jwigement made by human
operators.

Mission planning systems are normally used as a method for
loading data into an aircraft before a mission begins, some data
may be required for this purpose that is not necessary in a stnct
planming sense. Examples in this category are: frequencies to be
used for radio communication during the mussion, IFF codings,
and weapon fusing and aiming data.

TABLE 5-1. Data used in mission planning systems.

Required for
Pre-Flight
Planning

Additional Data
Required for
In-Flight MPS

Outputs from
MPS 10 the
Aircraft

Geographical & Meteorological
Terrain
Cultural Features
Image Data (e.g., Photographic)
Weather Data

. Update

Data on Friendly Assets
Airfields/Aircraft Carriers
Aircraft

Type Data
Individual Aircraft Data
Vulnerability Model
Aircraft Status
Crew Status
Weapons Characteristics
IFF & Comm
Other Assets

4 Update

Data on Missions and Tactics
Pre-planned Missions
Corridors/Routes/IPs
Tactics and Rules of Engagement

Data on Enemy Assets
Threat Data (Aircraft)
Threat Data (Weapons)
Threat Locations
Tactics
Target Locations

. Update

* Update
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The extent to which knowledge of other friendly assets is
required depends upon the type of mussion; other aireraft may be
integrated 1into the plan, ¢.g. for in-flight refueling. Ground
assets such as observers or target locators may need to be
included. For the most part, these assets will be mobile so that
Jdata concerning them will change with ume.  Up-to-date
wnformation is fed into the mission planning systern with manuaj
wputs from liaison staff.

5.23. Data on Misslons and Tactles.

Many of the mission planning tasks undertaken i wartime will
correspond closely to mission planning tasks required during
peacettme training. Much of the information generated during
such training can thetefore be drawn upon provided 1t is
svanlabie v a usable form A database of pre planned missions
W frequenty maintained i the form of both complete and paral
missons. This facility is particularly daeiul i the attack phase
an pre planned targets, although transit routes are likely to be
highily dependent on the batde situation

For these missions and mission segments where pre planned
Jata s inappropniate, the werncs and miles developed i traning
and rehearsal must be used by the planner. These are currently
iput manually into the planning system by the operator, butan
same current systems a degree of automation is already
provided, particularly in the deconfliction of aircraft involved in
A ttiple aireralt operation

5.2.3. Data on Fnemy Assets,

As with the data on friendly assets described above, much of the
Jdata on enemy assets describes the performance of aireratt and
acapons type, e.g. the characteristics of SAM systems that may
e required for lethality calculauons. For fixed SAM sites such
{ata requires infrequent updating. The positions and other data
on map fixed facihtics such as airficlds is also largely stauc

ther data on enemy assets, e g the location and magnitude of
muving assets, together with information on perceived tactics
andd strategy, is avatlable o mtelhgence staff from a variety of
sources and  at uncertain antervals, c.g. following a
reconnassance mission. 1Uis necessary for the mission planner
i aoopt data from the intelligence staff in a suitable form, after
1t has been filiered and collated It is conceivable that the
mussion planming system could stself be used tor this filtering
and collation process.

I'he need for rapid updating of mformation on the enemy s
mnhile assets imphes that in some cases the commumcation and
tiltening processes may take so long that the information’s
vatudity may be seriously degraded. In such cases it may be
appropriale 1o consider direct commumecation hnks between
misaon planming systems and reconnaissance sources such as

satetlites

S COMMUNICATION,

Conunumcations, or the ransfer of information from one source
W anather, 15 & component of current mission planning systems
[he extent o which communicanons are functionally supported
by cnment misson planmng SYSICMN 48 Doy Cconsiswenit auross
sysems. Communication requirements for Tuture misaon
planming systems wall remain an important component but wiil
nol remamn constant in relation o current mission planning
systems. The communication requirements for future mussion
phanning systems wail) anerease relative o the capahihities of

current systems. These increased requirements weil e e
amount, quality, secunily, and number of different tvpes o
information. The requirements are driven hy several souroes
particularty the mtegraton of the sussion planniny system

C+ systems. The mission planning syslem el die futape wi!
communicate directly with Y networks i real ume Thie rapid
exchange of information between planners and controlla.
supports the effectivencss of Path sysiems as weil as moreaney
capahility relative to conventional mission planning svetems

§4. TIME.
Time problemy 10 emerging sy Mems are of vafious Bhpes

i Mussiep Plapming Durativn, The average vaie @38
minutes) is not far from acceptable values Tor ar
interdicon missions, but woeokd be ;
for other Kinds of snicsions

2y Rata Base Update, A present, tactiosl informanen
ifniendly forces, mtelligence) s munuaily wplaied wo
s average age can reach several hours

% Mission Tinung, Fxcept Tor AMPS, CAMPAL . 454

CINNA 3| that can handle maluple asreraft
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S5 FLEXIBILITY.

In Section 325, flexibiliny has been defied 1

willingness o vield o the intluence of cibers and Vs

the ready capatibity Tor modihication or change by obeegs
adaptabihty to a new squaton” Koy o flesbd o e e
development of an infrastructure of interactive b
soliware tailored 1o the unnjie misson pi

requirements  Importapt tunchional reguisements ot em

systems mclude. amproved design of b

mteraction, clusion of astontated subsysterns for anabhs, nd

calculaton, and the capabiity to flexehly create and g
informaton
Particular emphasts < hemng placed on oo fiendiy e

features that tesnfit i easier controf of the directen and poae !
the planning process withnut evtensive fnuming i oLomjui-s

operation ar data processing  Sach desgn features

fundamental 1o rapid |, accurale, and vazisd ase of the e
planning svstem's inherent capabilities

Crincal to the speed and aceuracy of the planning provess o the
development anit automaton of algorthms for database aralvss
and Calculation  Algorithms that are networhed amony real
ume. large and accurate Jatabases for navigation. facs, &
intelhigence. and aircraft and weapons data permit the planper oo
concentrate on the practical factors that are ntegral W0 misaen
planning

Display generavon, modification, and frdelity are heng

emphasized 1n emerging systems. The combunation o
capabthties an color graphics, 3D perspective, rear sime
database upaae, multiple gatabase mtegraton and knowledee

based svstems are hemg ntegrated o provide high frichn pre

mission planning with potential for i Might manageeen:




5.6, ERGONOMICS.

“he second generation of mission planping systems now being
deveioped are far more ambitious in their scope and size. This
increases he importance of ensuring that the ergonomics of the
svstem are considered at the iniual stage of the design process
and that the user interface fully suppors the user.

Much effort is being placed in providing an optimum user
interface that is easy Lo use, particularly for users untrained in
computing techniques. Interfaces using window techniques and
menu or guestion/answer based dialogues predominate.
Familtarity for the users is enhanced by the use of familiar
symbology and planning techniques. A well designed user
wnterface should help in reducing the high preflight workload
arid time taken to integrate the large amount of information to
the user on the database.

he design of the output of the mission planning process also
needs careful ergonomic consideration. Many of the emerging
svstems produce hardcopy mission information in the form of a
Information fed direcily into the
aircraft's svstems requires careful design as to how, when, and
what information s presented to the aircrew and how it is
integrated with existing systems, ¢.g.. AMPA is to display route,

miission card or folder.

threat, and comm data on g digita) moving map display.

The development and deployment of data link systems in
sirvraft will enable in-flight plan updating to take place. The
citect on pmlot work load will require investigation and
subsequently will mfluence system design.

Systems employing Al techniques such as MARPLES, should
have a high level of system logic and transparency. Aircrews
will et aceept a mission that has been planned for them, if they
Ao not understand the reasoning for each decision.

Generally all the systems being developed aim ic cpeed up the
‘nitial information integration tasks of the mission planning
process while automating the complex calculabon stages. Al
technigues may have an important application in this area.

finatly, emerging planning systems may need to conform to
programs such as MANPRINT, that will require ergononics o
he vonsidered at all stages of the system design grocess

7. DECONFLICTION.

fn Section 327 deconflicion has heen defined as “the
svordance of situations where speaific parameters of two or
mare friendly aireraft are scheduled, such that thew proaoty
vielates the estabhshed separation criteria for those parameters’
Potennal conflicts can anse either from unaceeptahly close
fistanees between mircraft and weapon {fragmentation envelopes,
by nadequate spatial separation hetween two areraft during

s, attack, or egress, or hy uncoordimated use of
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cmmumcation freguencies of pmmers. Inogeneral, decontii

o requared: within a force, between forees, and between

ersices Larmy, navy, air forees

Nonie of the emerging automated mission planning systeis that
were teviewed performs deconfliction between forces or

setweent services Thiy function s currently performed by

geher command and control echielons. Automation of these
types ol deconflicnon o a requirement for future mission

slrning systems (see Scction b 1

At present, deconfliction between forees and between services is
covered by secondary conditions as stated in the Air Task
Message (ATM); examples are: time constraints like time-on-
target, special routings (ACOs), and communication frequency
settings. Because this data is an input W present systems, these
types of deconfliction are not very flexible; the detour through
higher command and control echelons makes deconfliction very
time-consuming. If at all, the present emerging sysiems vnly
deconflict intra-force between aircraft or between aircraft and
the envelopes of their weapons. This implies that there should
be some communication between the planning process for each
aircrafl in the targed area. Implemented aspects for intra-force
deconfliction depend on the mission phase, (e.g.. take off,
ingress, attack, egress. or landing ).

Mission effectiveness is incrcased by increasing attack
effectiveness and survivability. Deconfliction in the target area
is required because the means to increase misswn effectiveness
conflict:

« Attack effectiveness and survivabilny increase if
saturation can be obtained. By concentrating one's
assets in a srall arca within a short time span it is hoped
that the enemy will he too confused to defend himself
effectively.

Survivability also increases by attacking at the Jowest
fevels that are possible without flying through e
fragmentation of exploding armament

Some of the systeme that we reviewed claim o dece

et in the

target area. Fragmentation envelope deconihic on s bmited w
deconfliction with one's own armament. [t appears o b
| el
ST
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5.8. MISSION REHEARSAL.

A level of mission rehearsal capability is embedded in all
cmerging mission planning systems. However, in most cases, it
is restricted o Jisplaying photographic or sensor images of
portions of the mission, particularly in the area of the target. In
some cases, mission planning systems have the the capacity to
generate stanc terrain images from digital terrain data that can
be viewed from different oricntations. For some systems (e.g..
TAMPS) rehearsal is an integrated pan of the planning process;
once the mission has been planned, rehearsal is used in an
ierative process to opi..nize the mission with respect to attrition
and survivability.

Some mission planning systems provide the capebility to
simulate the mission; the simulation can be run at various speeds
{e.g.. slower than real-time, real-time, faster than real-time).
This allows the crew to become familiar with the most critical
phases of the mission by rehearsing faster than real-time in the
noncritical mission phases and rehearsing real-time in the
critical phases. Currently, no mission planning system has the
capability of performing mission simulation in real-time while
cToviuing 3D bird's eye terrain images. This capability is
expected w be important for future systems. Input of unplanned
events o mission rehearsal simulations is not yet a feature of the
emerging mission planning systems. However, this capability

will become important for future systems as in-fhight mission
planning systems become integrated into the avionics of military
aircraft.

59. GROWTH POTENTIAL.

The growth polential of emerging sysiems can be discussed in
three different categories. First, emerging systems tend to have
the capability be linked to C? networks. This will speed up the
data gathering process during plan preparation because the latest
intelligence information will be readily available. C3 networks
may also be used to transmit pre-planned missions coming from
a higher level in the command structure.

A second extension 1o nu- -on planning systems is the ability w
couple them with knowledge-based systems that may assist the
pilot in the pre-flight computation of the mission plan and
exploring alternatives.

Finally, emerging systems tend to use commercial hardware 1o
support mission planning systems. This allows the systems
benefit from new hardware and software upgrades thus allowing
theis capability to evolve into the future.




Chapter 6
Future Mission Planning Systems

The requirements of future mission planning systems will
remain fundamentally the same as for emerging systems.
However, the demands made upon their capabilities may
increase as demands upon the weapon system as a whole
increase due 1o the presence of more capable threats.
Furthermore, whole requirements may alter as experience is
gained with the emerging mission planning systems.

Developing technologies such as Al will be employed to reduce
crew work load by increasing the level of automation. The
increased automation capability of the mission planning system
will require careful consideration to ensure that the division of
tasks between the operator and machine is optimal. This
Section reviews the criteria identified as important for both
ground-based and in-flight automated mission planning systems.

6.1. GROUND-BASED MISSION PLANNING.

6.1.1. Interoperability.

The lack of proper interoperability characteristics is a major
impediment to the use of current mission planning systems
within the context of combined NATO forces or NATO
operations. Because these characteristics are not fully available
in current and emerging systems, it is not possible for aircraft
from one NATO country to use facilities available at other
NATO country airfields. The significance of this lack of
wnleroperability has been recognized by NAFAG who have set
up a series of meetings w discuss and resolve the problem.

There appears to be no fundamental reason why, in fulure
systems, a much greater degree of interoperability could not be
provided. Asnoted in 5.1, this would require the adaptation and
matotenance of standards for mission planning hardware and
software interfaces. In addition, the adoption of common
human standards for formats, keyboards, displays, etc., would
be highly desirable if the performance of visiting aircrew in the
mission planning process is not to be degraded. National
sensitivities may preciude the full integration of all the MPS
features into a NATO mission planning standard, but it should
he possible to provide a basic “minimum standard” of
capabilities that would allow the essential function of planning
ard loading mission data to be prepared.  For such basic
func wons 1 may be desirable 10 use commercially available,
open system software that could be hosted on a range of host
Comptiers

6.1.2. Database.

The description given in 5.2 of the data used in current and
emergang mission planning systems is generally applicable to
the requirements for future mission planning systems. But the
impravemernts 1n computer power, data storage capabilities and
i the techniques of antificial intelligence and rule-based
cortputing all suggest that some future growth in daabase
requirements is likely. The following Sections suggest areas af
change as compared with the equivalent Scctions $.2.1 10 5.2.4.

eteorological Data

Future systems are likely to have increased capability to
represent o the aircrew the visual scene from the aircraft as it
flies through the mission, particularly during critical phases such
as operating in the target area. This implies that the 1errain and
cultural data must have higher resolution then is currently
available. It is becoming possible to integrate together such data
with image data obtained from satellite or aircrafi
reconnaissance, and the storage and processing of such daa will
become an increasingly important pan of future systems. Image
data to be used in this way will be of long term validity and will
be stored in a library in the form of photographs; other data will
be of transient value and will require to be sorted and processed
very rapidly after being obtained from satellite or
reconnaissance aircraft missions.

€.1.2.2. Dawa on Friendly Assets,
Liule change is expected in thus area.

6.1.2.3. Data on Missions and Tactics.

The move towards increasing capability for automation of the
planning process implies that tactics will have to be represented
in a formal way, that can be used in rule-based computations.

6.1.2.4. Data on Enemy Asseis,

The need for rapid updating of information on the encmy’s
mobile assets implies that in some cases the communication and
filtering process may take so Jong that the information’s validity
may he seriously degraded. In such cases 1t may be appropriate
to consider direct communication links between the mission
planning system and reconnaissance sources. Informauon flow
of this type will always require some elements of filtering and
collation and increasingly this will become possible within the
mission planning system iself.

6.13. Communication.

Communications will continue to be a critical area w
determining the required charactenistics of future mission
planning systems. The capability of ground-based. airbome and
spacebome sensors o gather data on the enemy's assets is likely
to increase, with the corresponding need to process and
distribute the data to the ground.-based mission planning
stations. This dismibution will form part of the wial commum
cations, command, and control structure that will be needed for
the operation of airborne assets.  Such a structure will be
required to operate with some performance degradation, even
when clements are malfunctioning or non-functioning duc to
damage mflicted by the enemy. 1t may also b necessary {o
have the capability o relocate the mission planning function
within the C? petwork o allow for damage o local mission
planning workstations or to the commumcation hnks. The
current practice of loading data into the aircraft by the use of
cartridges needs o be re examined in this context.




6.1.4. Time.

Mission planning is a process that takes time. In most military
scenarios, time will be in very short supply. It is therefore
critical that future mission planning systems enable the mission
planner to generate missions within the time constraints imposed
by the prevailing tactical situation.

Time constraints imposed upon the planning process are
primarily a function of the mission. Referring to the four
missions that were reviewed in Section 2.1, recall that for some
tactical missions (e.g., deep interdiction,) the time available for
mission planning is measured in hours, while for other missions
(e.g., close-air support,) the time available for mission planning
is measured in minutes. Even within the same mission class, the
amount of time available for planning can vary from mission to
mission. For example, for the close-air support mission the time
available to plan can range from 2 to 30 minutes depending on
the tactical situation.

There are two basic approaches for guaranteeing that mission
planning can be performed within the time constraints imposed
by the mission.

(1) Guarantee that the mission planning system can always
generate a plan in less time than the worst case
situation.

(2) Make the mission planning system flexible, so that the
time required to generate a mission plan can vary.

The first approach has two major defects. First of all it assumes
that a worst case {minimum time) scenario can be identified for
each mission. If for example we assume that for the close air-
support mission there will always be 5 minutes available to plan
the mission, we are in deep trouble if we are ever faced with a
situation in which there is only 4 minutes to plan. The second
approach is more flexible It allows the mission planner to spend
more time planning the mission when time is available
(theoretically enabling the planner to do a better job) and yet is
still capable of generating a mission plan when time is limited.
Of the two approaches, the second is the more desirable. Future
mission pl g systems should provide the capability to
function in variable planning time.

6.15. Flexibility.

Flexibility will continue to be a critical area for design of future
mission planning systems (MPS). Future systems will need
increased focus on the software interface that links the system
user to application software via hardware interfaces, i.e.,
displays and controls. The importance of the software interface
is underscored by the fact that 8 modern hardware interface is
driven by software, and that the software is the medium for
dialogue between the user and the application system. The
function of the software interface is to recognize events at the
hardware interface and at the applications interface; then,
translate these events from one side of the interface to the other.
Research focused on the developmernt of design guidelines 1o
insure compatibility of sofiware intexface features (e.g., device
handlers, event presenters/recognizers, dialogue controllers, and
data filters) with MPS goals and user characteristics is essential
for improved speed and accuracy of MPS use as well as o
facilitate adaptation of MPS to situational demands.

6.1.6. Ergonomics.

6.1.6.1. Introduction.

Based upon our evaluation of current mission planning systems,
the following observations can be made.

(1) There is still a large reliance on maps, pens, and paper.

(2) The integration of pertinent mission information is still
largely a manual task performed by the aircrew.

(3) The manual aspects of mission planning are important
as a mission rehearsal function in that the process
itself provides the aircrew with a detailed appreciation
of many facets of the mission. With highly automated
systems, this appreciation may be lost, particularly if
no means for an in depth examination of the plan or for
some form of mission rehearsal are provided.

(4) Much time is spent on entering relatively mundane
information, such as communication frequencies,

waypoint coordinates, eic.

(5) Mission plans constructed over a period of time tend to
be more sophisticated than those done in hurry. Asa
consequence some of the more elaborate features that
would improve combat effectiveness and survivabilirty
are lost when there is only a limited time available for
planning. Furthermore, re-planning in-flight cannot be
done to the same level of sophistication, with the same
consequences.

Based upon our evaluation of the emerging mission planning
technologies the following observations can be made.

(1) The pen and paper tasks are diminishing.

(2) There is a definite move toward the use of more
centralized databases that suppornt the integration of
information and facilitate coordinated planning.

(3) Facilities for a limited form of mission rehearsal and
for the preview of important intelligence information
(e.g.. FLIR and radar imagery) are emerging as
important feature of some systems.

(4) There is clearly a reduction in the manual tasks
associated with the enry of radio frequencies, safe
corridors, IFF codes, et.

(5) Emerging systems enable a reduction in mission
planning times on the ground and uansfer i....ities
(cassette or direct link) have been developed that can
rapidly transfer this information into on-board systems.

(6) In-flight mission planning systems are sull at the
laboratory stage.

The key feature with significance for the future is the move
toward computer based systems, that will place reliance upon
some form of centralized Jatabase. From the human factors
standpoint there are consequently two significant aspects that
will affect the development of future systems; these are:

(1) The imponance of ensuring that the user’s needs are
adequately represented during the system design
process.

(2) The importance of establishing the relevant criteria
upon which to buse the interface design.

The latter aspect is of great importance. It is likely that future
systems will be highly capable, with a variety of features and
with potentially some form of decision making capability. The
success of the whole system in such circumstances will be
impacted by the design of the user interface.
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A short description is provided of some of the criteria that
should be taken into account in the design of a user-oriented
interface. Despite the differences between the human.-machine
interfaces of the on-ground and in-flight mission planning
systems, the interfuces should be designed as parts of a total
system. The criteria utilized to develop both interfaces should
remain valid across interface designs, but may drive the design
toward different mechanizations due to the operating
environments of the on-ground and in-flight mission planning
systems. Characteristics of the two operating environments that
are different include speed of mission re-planning, vulnerability,
number of concurrent tasks, elc.

(1) Levels of Automation, The level of automation should
be based upon a general principle of "human-
automation compatibility”. This principle states that
monitoring and control functions should be
dynamically balanced based upon the workioad ,
capabilities, and tasking of the operator. The levels
must differentiate between preflight and in-flight tasks.

(2) Capability to react quickly to a variety of inputs, The
mission planning systems should provide at all times
rapid access to any of the information held on the
database to which the user has authorized access. This
means that the system should be able to process in
parallel commands coming from different inputs, such
as a keyboard, a mouse.a trackball, a touch-screen, or a
voice input.

(3) Meny driven, The specific requirement is for a menu
driven interface as opposed to command driven. Menu
type interfaces require only a short leamning period for
the user to become proficient. A potential drawback,
however, is that experienced users can find the
interface slow and tedious unless careful design allows
the interface to adapt to use by experienced users.
Some tasks, e.g., enry of meteorological data, are
more suited to form filling type dialogues. WIMP type
interfaces should be able 1o combine different forms of
interface where appropriate 1o the task and user.
Menus should help the user know where he is in the
planning process, back up easily 10 previous steps as
needed, and start over quickly from the beginning as
desired.

Quick and consistent Feedback. The user should be
given the apportunity to interrupt his task to obtain
feedback on the tasks completed. This means that the
interface should be able to display the results of the
sub-tasks, under the conwol of the user.

5y Transparency, This crilerion concerns the user under-
standing of the process that produces the automated
planning solutions. This means that the interface
should display, on request, the respective relationships
between the solutions and the rationale by which they
were derived. Therefore the user should be able to
understand the decision process, by being able 1o
understand and evaluate the rules and knowledge that
the systems uses. Furthermore, the interface should
reflect the intentions of the user by representing the
mental schema or model of the user,

(6) Reduction of Semantic Distance, This is the cognitive
model and control that the user has of the decision
making process by which the system derives its
solutions. It is essential that this mode] matches that of
the machine process to reduce the workload demand
imposed on information interpretation and error
reduction. The sysiem should be transparent and the
rules should be represented on the interface in an

=

unambiguous way. Symbols and icons must be self
evident in their meaning.

(7 Emor Dejection and Correction, The automation of
certain mission planning tasks will not reduce the
occurrence of operator errors. It is therefore desirable
that the system be designed to both reduce the
occurrence of errors as well as be fault 1olerant. For
example, all manual actions should be able 1o be
changed and the user should be able 10 view the
consequences of such actions. The user, via his
cognitive model, should be able to predict the
consequences of each action and where necessary
update his model. The system should be able to
validate inputs and highlight those that are incorrect,
while aiding in their cormrection {although this would
depend on the form of the error). This form of input
verification can be utilized at higher levels by use of
expert systems techniques that would, in collaboration
with other systems, analyze the feasibility of a
command and verify and monitor the consistency of
decisions. An “undo” facility should be provided so
that the user can ecasily recover from an unintended
operation.

(8) Weighting Rules, In mission planning systems that
utilize formalized knowledge and antificial mtelligence
techniques, different emphasis may be applied w rules
or parameters to affect the outcome of planning. The
weighting must be easily changed.

6.1.7. Deconfliction.

At present, only intra-force deconfliction on spacing between
aircraft (and fragmentation of their weapons) and between
aircraft and cruise missiles is handled in pre-flight mission
planning systems. Deconfliction across nations (and even
across services, e.g.. Army, Navy, Air Force) is performed by
higher command and control echelons. Future developments
may well incorporate these capabilities mto wing level misswon
planning systems as well

Feedback of mission plans to higher command and control
echelons must be an essential requirement for future systems as
only then can deconfliction be performed by individual
planning systems without the requirement o interface with
command and control elements.
changing sttuations on the battlefield, deconfliction with other
forces is only possible if last- minute updates can be made in

flight via JITIDS or MIDs type systems.

Because of the rapudly

6.1.8. Misslon Rehearsal.

The capability to rehearse the planned mission or a single
segment as soon as its planned can be considered as an optionai
feature. but a minimum rehearsal capality should be included
as a basic function, particularly the capability of examining the
mission or its segments to verify (automatically as far as
possible, but always under operator's control) that no mistakes
are presents in the final plan. This feature could be defined as

+ Add friendly, interactive debugging capability. Mission
rehearsal can be aimed to other two objectives:

mission optimization, through the possible identifi
cation of bettcr solutions

- crew training for that specific mission.

The Pre-Flight mission planning systerm might consist of several
rapidly reconfigurable cockpits that would scrve as workstations
for non-flight activities as well as cockpit structures for mission
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rehearsal. It is conceivable that this cockpit would allow the
pilot to interactively plan his mission in a workstation
environment, fly the mission just planned from take-off,
interrupt the mission in mid-course lo change some parameters,
return to the mission rehearsal mode to complete the mission,
re-fly the mission from take-off to landing, and then produce the
mission data cartridge to be taken to the aircraft. Several
cockpits would be required to support multiple aircrafi flying
the same mission. Mission planning and mission rehearsal
could be performed simultancously with all pilots.

§.1. Mission Plag D .
Errors that can affect the final mission plan can be of different
types:

« Wrong Input Data, Wrong data can either be included in
the data bases used for planning or be input manually by
the operator.

« lnvalid Assumptions, some general statements that are
considered during the planning process could be not
applicable to some specific cases.

A stepwise mission rehearsal procedure that automatically
verifies congruity of evolving mission status, submiiting on
operators request criteria and data used and flexible e¢nough to
casily accept any change for re-planning could be a useful
debugging tool. Extensive use should be made of pictorial
displays and easy input media to allow quick and safe execution
of this phase.

6.1.8.2. Mission Qptimization.

The achievable level of optimization is probably dependant on
the time available for this phase. The optimization can be
addressed to factors like:

+ reduction of risk exposure

reduction of pilots workload and possible errors

reduction of active signature (emissions)

.

reduction of mission time

increase of attack effectiveness

economyV of expendables (including fuel)

improvement of deconfliction

integration with other missions on the same or adjacent
target (s)

+ improvement of flight safety.

Automatic computation of such parameters, when possible,
should take place during the planning phase and mean, to
parametrically evaluate them during rehearsal should be
provided. A 3D color graphic display should provide a
computer generated out of the window scene prediction from
view-points on the planned flight path that can be moved and
stcered around.

This facility is desirable for target, visual route points, critical
arcas, etc. Simultaneously, when applicable, on board sensors
displays should be replicated showing sensor images prediction.
A digitized images storage capacity should also be provided,
allow real photographs to be reviewed, when available. In this
context, the mission or portions of it could be virtually "flown”
in an operator controlled slow/fast/real time and reviewed by:

« the mission planning operator
« the pilot (may not be the same person)
* a senior pilot/advisor

and by an automatic evaluator that applying general rules should
be able to rate the different solutions in terms of effectiveness,
survivability, etc.

83. R J for Traini
Mission rehearsal shall also be used for training crews. In this
case it can take place in a wide range of different forms.
Synthelic generation of images of what the ctew is going 1o sce
both out of the window and on the aircraft displays (radar, IR,
LLTV, eic.), integrated when possible with real images from
any available source is of course an important supporl to
training for that mission, as well as for the study of optimized
solutions, as discussed before.

Another important form of training is for the crew to familiarize
with the sequence of actions and with the timing of that
particular mission; for this purpose the planned mission could be
flown automatically - in terms of basic aircraft control - in a
CPS (cockpit procedure simulator) whilst the crew interacts with
cockpit displays and controls and becomes familiar with sensors
management, communications, weapons selections, attack
procedures, etc.

The ultimate step of training could be to perform the whole
mission in a full mission simulator where it could take place
exactly as planned or where a number of possible changes and
unforeseen situations could occur, including those requiring in
flight re-planning of the mission itself.

6.1.9. Growth Potential.

Requirements for future mission planning systems are broken
down into four categories. Regarding hardware, new mission
planning systems should use standard commercial hardwarc
adapted to military needs, to allow easy evolution and continuity
of hardware, software, and interoperability. Aruficial
Intelligence should have a role in future mission planning
systems. Libraries of missions should be maintained in order 1o
reuse parts of a mission that have already been generated.
Finally future mission planning systems should not be thought
of as ground-based systems, but as parts of a more complex
structure including in-flight mission planning systems.

6.2. AIRBORNE MISSION PLANNING.

The Mission Planning function is conventionally thought of as
being a pre-flight activity that is performed at s work station that
is separated from the aircraft. However, the concept of in-flight
on-board mission planning is not new. In current aircraft after
the aircrew boards that aircraft, changes to the planned mission
can be accomplished by modifying the planning data as it is
entered into the avionics system or by editing the data after it
has been loaded into the avionics. The modification of planning
data by the aircrew, or re-planning, is on-board mission
planning, and, if it is don: while airbome, the modification can
be considered in-flight on-board mission planning. In the
future, the capabilities of the in-flight on-board mission
planning function can be greatly extended in terms of
functionality and capacity. In-flight on-board mission planning
differs from pre-flight mission planning in that the capability of




future in-flight on-board mission planning system will be
tailored to the constraints imposed by the flight environment,
such as time pressures on the aircrew, limited space and power
availability, number of aircrew members, and the use of flight
qualified control and display devices. Mission planning for
“dynamic” tactical missions, such as close air support, may
require advanced in-flight re-planning on-board the aircraft o
effectively perform the mission or to even make the mission
possible.

6.2.1. In-Flight Interoperability,

[t is expected that future in-flight mission planning systems will
be impiemented as integral parts of the avionics suites of the
aircraft in which they are fitted. Consequently, interoperability
will be restricied 10 ensuring that the necessary mission planning
information is available, and that the resultant plans can be
rapidly disseminated to applicable friendly forces.
Communication issues, as noled in Section 6.2.3, are therefore
of major significance. For single-seat tactical aircraft,
particularly, it will be necessary to minimize the workload
associated with establishing the communrication links in-flight,
and the need to maintain security and covermess will inhibit the
amount of data exchange.

6.2.2. In-Flight Database Issues.

The data generated by the pre-flight mission planner and loaded
into the aireraft prior w commencement of the mission is usually
that necessary to cxecute both the mission and a few pre-
planned altematives. This will include a significant part, but not
all, of the total data available to the pre-flight mission planning
system. Table 5-1 shows the information that is typically output
from the pre-flight mission planning system that will include
routes, timings, 1Ps, fuel load etc.

{ a degree of re-planning is to be carried out in flight. additional
information will need to be loaded into the aircraft for in-flight
use. The amount of additional information will be directly
related to the extent of re-planning allowed for. Tt is unlikely
that additional geographic or weather data would be required,
except that, for missions of long duration, a weather update may
become available and useful. Updates on the disposition of
friendly assets may also be used.

li will be seen from Table 5-1 that no data on missions and
tactics need be loaded into the aircrafl if re-planning is not
required, but if re-planning is to be carried out in-flight then data
on available corridors and IPs will need to be updated in flight.
Similariy, as well as carrying and receiving updated information
on cnemy threats and targets, the in-flight re-planner will need
to use available knowledge on enemy tactics.

The amount of additional data that will be required is thus
relatively small and unlikely 1o present a problem in terms of
storage. There could, however, be substantial difficulties in
providing satisfactory data updates in-flight, particularly as
information on enemy movements may be of uncenain quality.
The correlation and filiering that is normally carried out on the
ground may not be within the capability of the aircrew in flight,
and the quality of in-flight re-planning may be seriously
degraded by inaccurate information,

6.23. In-Flight Communication Issues.

The In-Flight part of the mission planning system would be an
integral part of the on-board avionics system. In a singie place

aircraft, the operation of the mission planning system would be
controlled by switches placed on the stick and throule. The
system would allow for limited mission rehearsal (i.e. for air-1o-
ground, a targel run in sequence) and would permit the pilot to
interactively control the remaining portion of the flight. The
sysiem would present options to the pilot for selection and
would allow the pilot to manipulate tactical decisions and
oulcomes and not require the pilot to mentally compute items
such as fuel remaining or delivery requir The
system would via a data link receive changes in the threat
environment and the mission status of other friendly aircraft as
well as transmitting aircraft mission status 1o the other friendly
aircraft. Increased in-flight planning and re-planning capability
could require more communication with differing security
requirements.

1

6.2.4. In-Flight Time Issues.

In-flight planning will require faster computations of planning
parameters and simplified control and display utilization than
pre-flight operations.

6.25. In-Flight Flexibility Issues.

The flexibility required of the in-flight mission planning system
will be both greater and lesser than that required for the ground
based system. The interface to the pil~t mus: be more
automated, and thus provide fewer options to the pilot, it must
be flexible in its solutions 1 planning situations. [f the in-flight
systems always responds in a prediciable fashion to enemy
actions, for instance, the enemy can utilize this predictability
against the friendly forces.

6.2.6. In-Flight Ergonomic Issues.
261 M o Cockpit Priorit

Mission re-planning in-flight has to be managed and put into
relationship with the other cockpit activities in arder to avoid
dangerous interferences. Any siguficant breakdown in the
mission has important implications for the pilot's activiues. The
pilot is rapidly involved in the cognitive task of updaung his
mental schema and his current situational priorities. When re-
planning must occur the coordination of activities is based on a
careful balance between two different requiremnents, namely the
rapid evaluation of what has to be changed n the pian and the
continuation of critical activities in the cockpit.

An automated planning system can fruitfully assist this
coordination task either by accelerating the process or by
mntelligently augmenting pilot capabilities.

262, Re-planning Decision Ai

It is possible for the in-flight mission planner to evaluate
objectively the thresholds that suggest whether to change the
planned mission once it has been started. Objective evaluation
is the result of rules, usually not explicitly stated in reference
manuals and in Air Force regulations but leamed by the pilots
during the training process. These rules help the pilot o decide,
for example, hcew 10 cope with overcoming threats that might
affect the mission, how to face emergencies without
compromising safety timits, etc. It is a direct derivation of the
known limits of: the type of aircrafi, the complexity and the
timing of the mission and, more generally, any important
constraints evaluated as necessary for the success of the mission
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The existence of these limits gives rise 1o careful consideration
on how to utilize them during the design process. This may be
some sort of automated assistance that relieves the pilot of part
of this decision task. The important point is, however, that the
pilot might find himself uncertain while deciding whether the
plan has to be changed and to what extent. Predictions of the
implications of re-planning should be made available to the pilot
along with explanations of how those predictions were obtained.

6.2 6.3. Monitoring Planning Decisions..

An important consideration in the mission planning process is
that changes 1o one segment of the mission will have
implications for the entire mission. An important example is
time-over-target. Time-over-target is one of the constraints that
must be maintained even when the decision to change the
planned mission has to be taken, unless it results from a new
battlefield situation.

Given the unpredictable timing of the arrival of the information
that may cause the plan to change (i.e., it can arrive early during
the mission but also at an advanced stage) it is even more
important than in on-ground planning that in-flight the pilot will
be able 1o select the desired level and possibly method of
interaction with the planning system. It is critical that the
automated assistance is adaptive, taking into account, on one
side, the level of detail the pilot wants to explore the
implications of the modification.

The decision to modify significantly a plan might imply a
change in the level of complexity of the mission. The time
available o insert new data, to make evaluations necessary to
change the plan and to establish a new route might not be
sufficient to accomplish the further task of verifying the plan.
For example, the pilot's selected route to the target might be
affected. Given the short time resources, plan review is often
not permitted.

An airborne mission planning system may detect and correct
errors or make a quick evaluation of the trade offs among
different routes. Of course, the pilot may not accept solutions
and suggestions without having a clear understanding of how
they have been reached.

Another relevant point 10 be carefully considered in the design
of airborne mission planning systems is that displays and
controls have to be appropriate to the pilot's operational needs.
This means that corsistency between the philosophy of
information presentation and the philosophy of automated
assistance is of primary importance.

The modes of control on mission planning tasks and subtasks
could be modified in real-time according to the task time-load.
In fact, time available and subjective time appraisal to perform
tasks seem 1o be the two pertinent crileria pilots use to share
these attentive resources among subtasks. It is thus preferred
that automation assistance also be determined on the basis of
such criteria.

6.2.7. In-Flight Deconfliction Issues.

Changes in a mission plan will require some aspects to be
disseminated to other aircraft in the air and to ground-based
mission planning systems to permil deconfliction. This is
especially true of airbomne aircraft in the same general area.
Decantfliction may be done on the other aircraft in an automated
way o reduce aircrew workload. it is possible that the plan of
one aircraft is dependent on the actions of a second aircraft.
This functional coupling requires a decision process and
communications system capable of disseminating the revised in-
flight mission plans to the appropriate aircraft.

6.28. In-Flight Mission Rehearsal.

It is likely that in most tactical aircraft, in-flight mission
rehearsal would not be utilized in an actual mission context In-
flight mission rehearsal may have a place before take-off, during
engine run-up and pre-flight if time permits. During the flight,
the only potential use of mission rehearsal might be for
embedded training, but this is only for peace-time training and
not in an actual mission context.

6.2.9. In-Flight Deconfliction Issues.

The growth potential for in-flight mission planning is only a
fraction of the growth potential for pre-flight, ground based
systems. Any modifications t the airborne avionics must be
validated before it is released to the fleet and this testing is more
complex, and rigorous than its ground based counterpart.




Chapter 7
Conclusions for Phase One

The major focus of the Phase One effort was to assess the
current state of mission planning technology in the various
NATO countries. Our objective was to identify the existing
capabilities, both strengths and weaknesses of current mission
planning technology. We set out to achieve this objective by
Gt ¢ tabliching a sot of performance characteristics and then
proceeded 1o assess both existing mission planning procedures
and emerging mission planning systems using the performance
characteristics.

A review of the mission requirementis for four tactical aircraft
missions (air defense, close-air support, air interdiction, and
anack helicopter) lead to the development of nine performance
characteristics. The characteristics are:

(1) Interoperability
(2) Database

(3) Communication
(4) Time

(5) Flexibility

(6) Ergonomics

(7) Deconfliction

(8) Misiisn Rehearsal
(9) Growth Potential

These characteristics were then used to evaluate the mission
planning procedures currently being used for the four aircraft
missions described above. The major conclusion from this
investigation was:

» Existing mission planning procedures are extremely
labor intensive. Much of the planning is done using
grease pencils and paper maps; fuel and timing
calculations must be performed by hand; and mission
related data must often be entered into the aircraft by
hand.

It became clear that mission planning doctrine and technology
has lagged far behind many of the aircraft technology
developments since World Wa 1.

Most of the NATO countries have also come to this conclusion
as our investigation of emerging mission planning technologies
revealed a large number of efforts underway to develop
computer-based mi planning sy . After reviewing the
existing mission planning procedures the Working Group
proceeded with the major effort for Phase One: the investigation
of these emerging mission planning systems. This investigation
looked at a wide cross section of emerging mission planning
systems from a variety of NATO countries including:

« AAFMPS U.S. Air Force

« AMPA United Kingdom R A.F
« AMPS U.S. Army

« CAMPAL Netherlands R.N.L.A F.
» CINNA3 French Air Force

» CIRCE 2000 French Air Force

+« MARPLES Italian Air Force

- TAMPS U.S. Navy

* TEAMS U.S. Navy

In general these emerging mission planning systems are built
around & computer workstation coupled with a high-resolution
color graphics monitor. Although capabilities vary from system
to system most of the emerging systems provide the following
capabilities:

.

Digital map displays.

Threat overlays.

Automated computation of fuel consumption and ETA
at each waypoinL.

aophical hput ol waypoines using a mouse, rackpall or
joystick

.

Route planning functions that perform intervisibility
computations o generate the safest routes.

» Large mission planning databases of that include: digital
terrain elevation data (DTED); operational and pilot
reports; weather data; threat locations; and locations of
friendly and enemy forces.

Hand held cartridges for transfering mission planning
data into the aircraft.

In addition the foliowing capabilities, although less common,
were provided in some of the systems:

+ Radar, satellite, and IR imagery of the target area.
» Real-time and faster than real-time mission rehearsal.
« Deconfliction.

During this analysis, a major observation that came out of the
Phase One effort was that the focus for the emerging planning
systems is on ground-based, pre-flight planning technology.
Limited effort is currently in progress to develop in-flight
mission planning systems. The Working Group felt that in-
flight planning capabulity will become increasingly imporiant
for future mission planning systems. A number of in-flight
capabilities were identified that will be addressed in Phase Two
(See Chapier 8).
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Chapter 8
Potential Phase Two Topics

8.1. INTRODUCTION.

The Working Group's Phase One studies concentrated upon
current and emerging systems and hence were largely concerned
with systems that carty out the planning task in workstations on
the ground, before commencement of the flight. Phase Two will
be directed towards future possibilities and will assess both the
potential value of new systems in the context of specific
operational scenarios and the research and development to bring
them into use. Future systems can be envisioned that
concepiually will be much less constrained than present systems
and may consist of networks in which some mission planning
capability may be based and installed within the aircrafi. It also
appears likely that mission planning and re-planning will be
carried out both before commencement of a mission and after
takeoff.

In the remainder of Chapter 8 are listed the topics that the
working Group identified during Phase One as being potentially
worthy of study in Phase Two and consistent with the wider
concepts outlined above. It will be seen that the list is a long
one (although not necessarily exhaustive), indicating that there
are many possibilities for expansion of the role of future mission
planning systems beyond their present capabilities. The topics
have not been arranged in any order of priority; it will be the
task of Phase Two to assess their relative importance and
perhaps to add further topics as the study progresses.

8.2. SYSTEM CONCEPTS.
Distributed Mission Planning Process. The mission plan or ils

modifications can be the result of a process involving several
stations and responsibilities both before and after mission
launch. The resulting plan can be in this way very effective, up-
to-date and reliable, provided the system upstream of the final
output is lolerant and flexible.

Dynamic Predjction of Battle Evolution. This may be possible
if intelligence data is available and the system has a real-time
war-gaming capability; Al techniques are foreseen to be one
method of achieving this capability. Such prediction capability
can be useful in collecting appropriate information and in setting
up databases to meet possible re-planning needs and to adopt
proper tactics.

Interoperability, This concept has already been investigated
during Phase One of the Working Group but the interest shown
by NATO on this topic indicales that further examination is still
required. In particular, the concept of distributed mission
planning processes working within a C3 network raises many
inter-operability issues.

Airborpe Mission Planging. The concept of modular avionics
recently developed for the ATF is likely to be adopted by future
aircraft; this emphasizes that the on-board mission planning
function shall not be of a stand-alone type but will be emberlded
and share other aircraft functions, not only avionics. Also in
this case, it is foreseeable that such integration can take
advantage of Al techniques (e.g., cooperaling expert systems).

Mission Rehearsal, The primary function of mission rehcarsal is
to increase mission effectiveness by allowing the aircrew to
become more familiar with all or part of the mission
(specifically the critical parts) that is currently being planned.
Mission rehearsal can also be used to test the ability of an
aircrew to perform a mission that was planned by another crew.
An aircrew may test its zbility to perform a given plan while the
mission rehearsal system may acquire some characteristics of
the aircrew to be integrated in the mission planning system.

In order for mission rehearsal to be effective, it should provide
the user with fixed or moving imagery of different types (visual,
radar, IR, computer-generated, etc.) and should offer more or
less realistic or detailed views according to collected data and
aircrew needs. According to the goal of the aircrew, such a
system would offer different levels of interaction ranging from
previewing images or mission phases, to full intcraction with an
aircraft simulation, allowing the crew to test alternative paths to
the target or avoidancc maneuvers in the case of new threats.

Mission rehearsal may be used at any step in the planning
process in order lo test a just computed critical phase or at the
end of the planning process to review part or all of *he mission
The rehearsal itscif should be able to run at different rates,
slower than real-time for examining critical phases, real-time for
evaluating workload or time pressures, to faster than real-time
for roush cvaluation or for ii-flight we.

83. SYSTEM TECHNIQUES.
Data Filtering/Fusion. Filtering and fusion of data for nission

planning systems is required to reduce the total amount of
information and combine (different) information from different
sources and to eliminate inaccurate data.

Data Protection, [n-flight on-board planning on the basis of
externally supplied data (or plans), or pre-flight planning on the
basis of data from external sources, requires that the mission
planner have access to highly sensitive information. The storage
of this data in a mission planning system has to be such that ¢
data is:

« Automatically destroyed after a crash (or capture) in the
case of an on-board system, and

« protected against unauthorized access in the case of a
ground-based mission planning system.

Communication, The concept of a networked (ground-based
and/or airbome) mission planning system and data sources
implies communication links between workstations. Though the
availability of communication is increasing, (e.g.. satellites)
these communications and data links have 1 be secure and
unjammable, and may not always be uscable because of
coveriness requirements.

Testing/Validation, Testing and validation will be performed by
the system developer before the system is fielded, as well as by
the end user during cach mission planning session. Pre-flight
testing can be highly interactive, but in-flight testing will be
much more automated. The likely possibility of the use of Al




knowledge based technology within the airbormne mission
planning system in conjunction with uncertain information and
asynchronous events, will increase the complexity of testing and
validation. The mission planning system will need to produce
plans that are not predictable to the enemy. This non-
predictability also complicates the testing and validation of each
mission plan.

Arntificial Intelligence. Artificial Intelligence (Al) or similar
techniques may be required to support decisions within a
mission planning system, notably if it is on-board a single seat
aircraft. The degree of support depends on the planning
workload of a particular mission phase.

Computer Graphics, The generation of a synthesized real-world
image will be increasingly important, especially in the context
of mission rehearsal. Such images may be based on DTED and
DFAD data bascs, but also on photographic data from RECCE
aircraft and satellites. Considerable computer power is necded,
especially if the graphics have to be generated in real-time. The
graphics hardware should be suitable for use in day and night
time under various weather conditions. Future mission planning
systems may require greater display capabilities tha» nresently
available.

System Architectures, Future mission planning systems will
generally become more capable, more complex, and have
increasing ability for intercommunication with other
components in a networked C3I system. Consequently, the
architecture of any future mission planning system, must allow
for progressive change and update, 1o take account of the
changes that will occur to the elements of such networks, and
also take advaniage of improvements in the state of the art in
mission planning technology. This implies that the architecture
should be based on a series of modules that can be developed
and modified independently, thereby minimizing the cost and
difficulty of both maintenance and update.

The modular concept has the advantage that, in responding to a
requirement for a new mission planning system, the developer
should be able to utilize a significans number of modules
developed under previous programs. It also has the advantages
in making it more easy to insure that interoperability between
different mission planning systems and different aircraft can be
achieved. To achieve these advantages requires that the

software, communication, and system standards are agreed 0
and supported. This could create major difficulties, especially
in those areas in which technical advances are being made under
commercially funded developments.

It is highly likely that, in the more complex mission planning
sysiems, both hardware and software will be built up in a
modular fashion. The single single CPU system shown in
Figure 2-1. will be replaced by a number of dedicated
computers, each working on only a part of the overall
computational load. As an example of this, a dedicated graphics
processor will be needed to provide the processing throughput
required for real-time generation of highly realistic maps and
3-D images. It can be expected that many of the algorithms and
the rules required in on-board mission planning systems will be
similar & those used in pre-flight planning. The extent to which
the same software packages can be used in both applications
will require further study.

Man/System Design, Increasing automation, design of higher
level tasks into the avionics of mission planning systems, and
psychophysiological limitations of system operators raise issues
of: crew trust and confidence in the planning process, impact of
operator fatigue on the planning process, mission execution,
effect of environmental factors on mission success, relationship
of operator skill level to speed and accuracy of the planning and
mission execution process, and role of electro-optical systems
(helmet mounted systems, virtal image display sysiems) in the
planned mission functions. Consideration of these issues
extends the concept of ergonomics in Section 3.2.6 but are
considered integral to the successful planning and execution of
the mission.

All topics above refer to both ground-based and airbomne
mission planning systems. A more refined analysis will reveal
the commonalities and differences between these two types of
mission planning systems, but weight and space constraints will
always make an airborne planning system less capable than s
ground-based counterpart. Subsequent studies hav~ 1o deter-
mine the acceptability level of such reduced capabilities, in
order to make airborne mission planning systems as effective as
possible.




Appendix A
Survey of Emerging Mission Planning Systems

In the past decade, the tremendous growth in computer
technology has made it possible 1o automate many of the
mission planning functions that in past years were performed by
hand. Many sutomated mission planning systems are currently
being developed that offer the potential for mission planning to
be done faster, more effectively and with reduced errors. In this
Section, we will review the emerging automated mission
planning systems. First we give a description of nine mission
planning systems that were sclected as representative of the
types of systems under development. Subsequently, we review
these systems  in terms of their applications, implementation and
capabilities. During the review, the similarities and differences
of the systems are discussed.

A.l1 AUTOMATED MISSION PLANNING SYSTEMS.

A survey of the NATO countries will quickly confirm that there
is a tremendous effort underway to develop and deploy
automated mission planning systems for tactical aircraft
missions. We have selected to review 9 systems that are being
developed or have recently been deployed. These systems
represent work underway in the five countries participating in
the working group, France, Italy, the Netherlands, the United
Kingdom and the United States. However, automated mission
planning systems are also under development in other NATO
nations.

The 9 automated mission planning systems were selected to
represent a wid= cross section of different aircraft and aircraft
missions. The 9 systems that were selected are

Advanced Air Force Mission Planning System
(AAFMPS)

Advanced Mission Planning Aid (AMPA)

Automated Mission Planning System (AMPS)

.

Computer Aided Mission Planning at Air Base Level
(CAMPAL)

CINNA3
CIRCE 2000

Military Aircraft Route Planning Expert System
(MARPLES)

Tactical Aircraft Mission Planning System (TAMPS)

Tactical EA-6B Mission Support (TEAMS)

A.LL AAFMPS.

AAFMPS is the next gencration U.S. Air Force mission
planning system that replaces the current mission planning
capability in US fighter units consisting of flight planning and
weapons delivery programs running on Zenith Z-150/248
compulers, Mission Support System (MSS) I and MSS 1. The
capabilities of the AAFMPS have been obtained from the
unclassified US Statement of Requirements Document (SORD)
for mission suppont systems, TAF 312-87-1-A. The AAFMPS
will be capable of completing the entire mission-planning

process for the tactical aircrew. It will perform aircraft specific
mission planning for all US TAF aircraft configurations (F/RF-
4, F/EF-11, F-15, F-16, and ATF) , including weapons carried by
those aircrafi, at all system locations.

The AAFMPS will connect 1o TAF command and conuol
systems such as EIFEL, ACCS, and Constant Watch which are
directly linked to multi-national systems. AAFMPS will be
capable of being interfaced via electronic communication
systems throughout the TAF. The AAFMPS will accept
automated electronics communication between force and unit
level systems, such as intelligence, weather, ATO and imagery.
This allows the user to readily accept and update weather,
weapons, imagery, order of battle, and intelligence data using an
automated interface. Weather data bases including both
conventional weather information (ceiling, visibility, winds,
hazards, etc.) and weather data necessary for the planning and
operational delivery of electro-optical (TV, IR, laser) precision
guided munitions and target acquisition systems are required 0
support the mission-planning process.

Mission data prepared by the mission planner will be loaded
onto a transfer medium for subsequent initialization of on-board
aircraft avionics and weapons systems programmed via the
AAFMPS. Major areas requiring automated support include
navigation, fuel management, weapons initialization, combat
mission folder preparation, target area tactics planning,
electronic combat planning, signature management, avionics
initialization, target scene prediction, penetration analysis,
optimum route selection, weapons delivery planning (all
weapons) and recording of in-flight maintenance and
operational data. The AAFMPS is envisioned »< providing
planning for departure, ingress. attack, egress, and rccovery
phases of 2 missioz.

To allow for interoperability and the requirement to operate
from other than a unit's home station, all US TAF AAFMPS
locations will have complete flight planning capabilities
accessible and internally available on the system for all US TAF
aircraft to permit other services/allied nations to use the system.
To increase unit flight planning efficiency, the AAFMPS will
support at least four users simultancously via separate
keyboard/video display units connected to each main processing
station. The system will use Defense Mapping Agency (DMA)
standard products as input in the mission-planning process. The
system will be capable of displaying maps of varying user-
selectable scales. Displays will be available in theater-1ype data
bases.

The AAFMPS should provide information required tor daily
peacetime aircrew training. AAFMPS will k2 capable of
providing mission-sp~cific information as requested by the
aircrew. This information includes enemy order of battle, safe
passage, airspace coordination order {ACO) information, SAR
orbits, escape and evasion (E&E) safe areas. Air Tasking Order
(ATO) information, such as restricizd operating zones, weapons
free zones, tactical/sector frequencies, fighter engagement
zones, low level transit zones, FAC information, FLOT
information, mode /11l squawks, missile engagement 7ones,
base defense zones, nigh/IMC parallel track information,




AWACS orbits, optimized route planning and large area
charUsituation overview, will be provided.

AAFMPS will be capable of providing conventional and non-
conventional weapons release data, multi-ship employment with
timing deconfliction, and other attack information to the user.
Other provided information includes weapons fragmentation and
aircraft deconfliction for multi-ship ingress/attack/egress.
Deconfliction will be based on weapon fragmentation envelope
and timing. AAFMPS will be capable of providing the mission-
specific information for nuclear weapons, in addition to
conventional weapons.

The AAFMPS will display enemy threat and friendly order of
battle information to the aircrew and select a minimum risk
route between two user identified points or between sets of user
idenufied points. The algorithms will take aircraft signature
modeling into account when that information is available.
Additionally, the user will be abe to input a desired minimum
flight altitude above ground level (AGL}, and then caiculate the
highest survivable altitude which can be flown for each leg of
the route down to the minimum altitude selected by the user.
The user shall be able to select any ingress altitude, and the
system will compute and display the correct radar terrain mask
and lethality contours. Route path and order of battle
information will be stored for future retrieval. The route path
optimization routine should consider factors such as aircraft
type, speed, altitude, threat type, location relative to the aircraft,
terrain, threat reaction time, time visible to the threat (time
segments and cumulative) , electronic countermeasures, and
effects of multiple sites in its solution.

The AAFMPS software will use standard DMA data bases,
intelligence target/turnpoint and background data inputs, and
weather data inputs to depict, on a high-resolution video display.
what a target/tumpoint may look like when using EO/IR sensors
in flight. Hard copies of these EO/IR predictions will be
available for target/tum point study, and in the combat mission
folder. It will also calculate mission parameters such as
acquisition, lock-on, and designation ranges and polarity, for
EO/IR systems. The AAFMPS will display, on a high-
resolution video display unit, aircraft specific radar predictions
based on user input aircraft altitude, viewing angle, field of
view, scope range, intervening terrain, and aircraft radar
characteristics and radar scope mask. A hard copy of these
radar predictions wiil be available and the prediction may be
stored for future retrieval. The system will have the capability
1o utilize DMA DFAD to display cultural depictions for use in
realistic radar predictions. The system will be able o generate
synthetic aperture radar predictions as well.

The AAFMPS will prepare both full color and black and white
strip maps, aircraft line-up card, weapons data card, and the
navigation sequence data card. The user will be able (o design
the format and determine sizing of forms to satisfy local
requirements using a word processor style of input. The system
will be able to plan the optimum orbit placement for <tandoff
jamming platforms such as the EF-1IIA and Compass Call. The
algorithms will take refractive effects of the atmosphere on RF
energy into account when this information is available. Given
the Jocation of these platforms, the system will display the
effects of these systems on the enemy electronic order of battle.

The AAFMPS will possess sclectable capability o display the
cffects of on-board jamming pods and expendables against the
clectronic order of battle with or without the presence of
standoff platforms.

The AAFMPS will display & wide perspective representation of
the out-the-window -view at user specificd altutudes, ranges and
look angles. In addition to single scene perspectives, the system
shall provide = fly through capability. This capability shall
provide at least the ability to define a route segment between
Iwo points and generate a sequence of scenes which can be
played back for the operatwr creating the effect of flying along
the selected route segment. The user will not have the ability w
deviate from the planned route, and airspeed factors do not have
10 be considered.

* An AAFMPS user will have the capability to
simultaneously display the ingressfegress routes of his
entire composite force, and also have displays of the
relative positions of all aircraft at any specified time.

» The AAFMPS should be ergonomically designed to
allow rapid input/output of data while operators are
wearing a chemical warfare defense ensemble.

The digital terrain map/display will be capable of being
electronically updated at the unit level on a routine basis. The
following information will be provided to the user for the
Combat Mission Folder preparation: highest leg obstacle.
minimum enroute altitudes(day/night), all obstacles above
selected penetration altitudes, minimum and emergency safe
altitudes, leg closest divert ficld data, intersecting Victor
Airways/VFR routes/IFR routes (for peacetime training
scenarios), artillery impact areas, safe passage carridors, and
low-jevel transition routes.

A.1.2. AMPA.

To ensure thar modern tactical air operations are successfully
cartied out in the face of increasingly effective air defenses.
meticulous mission planning and preparation 1s vital. Missions
must be planned using accurate and up-w-date information from
numerous sources and all information cniercd must be made
available to other interested agencies Due to the need for fast
aircraft turnarounds and high sortie rates planming must take the
e i) OF Lo,

The UK proposed Advanced Mission Planning Aid (AMPA) is
designed to assist in the planning and preparation of Harrier
GR7 missions by:

« reducing both planners and aircrew workload. An R
aircraft mission would take 30 minutes to plan from
receipt of the task order.

reducing pilot in-flight workload by transfernng mission
data w the GR7 Video-generated map display and the
production of a mission briefing card.

» increasing effectiveness by providing more
comprehensive mission plans made possible by giving
planners betier access to all relevant and up-w-date data.

.

allowing mission feasibility to be initially examined
before detaiid planning is undertaken.

AMPA consists of text and graphics configured computer
workstations, networked locally via an ethernet or more widely
by a secure commumications network. It is designed for use by a
varnety of users in mission planning centers, the Forward Wing
Operations Center/Combat Operations Center (FWOC/COC), as
well as in tents or cabins at Harrier field sites.

The graphics workstations will display maps of different scales,
stored on optical di~k, and allow information to be overlaid on




the map using the graphucs capabiliies. The user 1 able 1o
7o0m an o show greater detail and ‘pan’ over the map. AMPA
can display five overlays sunultancously over the maps

showing:

» inelhgence nformation (SAM  sites, FEBA, friendly
force positions).

» route information (waypoints, mital points, fuel states
andd umings).

On recept of the mission tasking order from FWOCATOC the
foute is planned by the eniry of warget position or patrol hine, 1
there 15 no definite fixed target, waypoints, weapon load, speads
snd heights and required time on target. A route 1s then
venerated that may be altered by the planner via the keyboard
and mouse/trackball. The input of 8 few initual paramecters
allows the feasibility of the mission to be established and partial
plans developed and passed between sites for development and
multi-site tasking.

All fuel and speed calculations are made with reference o
performance data held by AMPA on individua! aircraft
Timings generated for individual arcrafl take into account
aircraft position in formation, type of turn and collision
avoidance over the target.

A method Ly which AMPA speeds up the planning process s by
referring o stored ‘emplates” of pre-planned attacks, formation
turns and standard recovery procedures. Also referred to 1s
wnformation on possible threats that is used 1o produce a route of
least risk by reference to terrain and threat data.

AMPA produces mission data in the form of:

» printed map(s) with overlaid information and Mission
Briefing card containing specific mission information
c.g.. call signs.

« data for the avionics system via a data transfer unit
consisting of

video map and overlays
waypoints and route information

action points, where the pilot is alerted o
perform an action (e.g., in-flight report)

action points where the avionic system performs
an action and informs the pilot (¢.g., change
radio frequencies).

The display oy AMPA of imagery e.g., daylight photographs,
FLIR pictures eic. allows aircrew to preview the appearance of
specific points in the mission allowing a level of mission
reheassal to be carnied out.

Post-mission reports, MISREPS, will be sent via the electronic
messaging facility to FWOC/COC for evaluation, who will
pravide sites with an up-to-date database of intelligence,
meteorological and NOTAMS. It may also provide route
information to the proposed Automatic Low Flying Enquiry and
Noufication System,

The Advanced Mission Planning Aid allows full advantage to be
taken of the increase in capabilities offered by the advanced
aviontcs suites installed in the GR7 as well as in other aircraft
such as the Tornado, giving and increase in bhoth mission
cffectiveness and potential sortie rate.

A3 AMPS,

The AMPS currentiy under devclopment was izitiated Fased o7
requirements of the US Anmny's specidd operations torees thay o
turn, have fostered sigmticant anterest within the Army >
aviation community o the point of Masion Planning Syten
{MPS) requirements for conventional Army avishion assen
being formalized by the Tramng and Doctnine tTRAINX
Command.

TRADOC MPS requirements documents wddross twes fevels o
mission planning capabibiies, those at the Avisiion Batabon
and Aviaton Company  In general the comp :
is & subset of the battalion sysiem n that 21 the compun
capabilities can funcuion at battalion but nut all bauahic
functions can be done ai the company. The averall sain
operational characteristics as specitied o the TRADOC
requirements documents are detarled i the follow;

paragraphs.

The aviation community requires & means of transie a
and operation data, developed prior to the mitiation of 4 mission.
into the airborne mission computer 1 a tmely munper The
process is currently done manually which s tune consuming and
CITor prone,  Army aviation assets are deselopiny mass dats
transfer capabihities predicated on g small, periable, Daia
Tran:fer Cartr.dge (DTC) cape™': of ransferring up o 256K
bytes of data. The data is developed. formatied, and stored on
the DTC by the MPS at bath the company and battadion AMPS

Performance planning is essential o the mission planmng
process 1n that it provides the ability to evaluate a specific
aircraft's capability (physical and acrodynamic fhght
characteristics) to perform the designated mussion over the
battleficld terrain and enemy threat environment. The weighi
and balance computations are also cssential, not only in the

mission planning stages but also in subsequent stages of nussion
exccuytion where aircraft Toad distributions have changed  The
current methodology for accomplishing performance planning
and weight and balance computations are manually laher
intensive and time consuming The MPS will avcomate thee
funcuons m e planning process and a subset of the MPS
weight and halance capability will be implemented for airborne
applications.

The aviator currently develops mission essential information
such as, communications frequencies, navigation preference
pouts, flight routes, etc. during the mission planning procedure
and transcribes this information to a paper format that can be
carried on a kneehoard for access during the mission execution
This form of the mission data is essential for those aireraft that
are not capable for accepting 2 DTC and is also required as
back-up reference for aircraft equipped to accept a DTC. The
AMPS will provide data formatted in accordance with spevifiad
requirements for a varicty of aircraft and will prntout the
necessary kneeboard forms.

The direct utilization of DMA products is necessary for mission
planning in order to minimize the battleficld logistics support
required to provide map and imagery products at the various
echelons. DMA has standardized products available in the form
of Compact Disk Read Only Memory (CD ROM) that will be
used directly by the AMPS 1o provide Area of Interest (AQD
map, unagery, and various averlay data bases for planning
purposes. The AMPS will support DMA's ARC Digitized
Raster Graphics (ADRG) maps. SPOT Imagery, Level T Digital
Terrain Elevation Data (DTED). Point Position Data Base




(PPDRBY. and vther CD ROM based products as they become

avniable

Route planning is a primary function of the AMPS, and as such,
the MPS must have the capability of supporting both manual
and auwtomalted route planning funcuions  The sutomated route
planming algorithm takes into consideration the terrain, threat,
and mission objectives in planning a flight path. The system
generated route is displayed as an overlay i a color background
digital map so that the planner can fine tune and edit the flight
path. The system automaucally stores the pertinent mission
parametrics associated with the selected flight path for
utilization in other MPS functions, 1.e. performance planning.

The aithorne digital map requires 8 map and imagery data base
in order to produce color images in the airbome environment.
Typically, the area of coverage associated with a tactical
mission, formatted n the DMA CD.ROM configuration used in
the ground based MPS, requires hundreds of megabytes of
memory storage in the airborne processor. Current weight and
size restnictions for military aircraft preclude the use of such
standard memory devices. Therefore, in order to implement an
efficient, flight worthy, hardwase suite the map and imagery
Jata bases must be significantly compressed. This compression
function 1s accomplished by the AMPS in a timely fashion and a
suitable Data Transfer Module (DTM) is loaded with the data
nase for utilization by the airborne digital map system.

Mission rehearsal, especially real-time (flicker free CRT
presentation ) and fast-time (fast forward) Ny through capability.
1s an essenual part of the mission planning process. The out-of-
cockpit perspective 1s necessary w familiarize the pilots with the
ingress and egress tervain, the objective area, and in gencral
what t expect in terms of terrain and surface [catures in
anfamiliar areas. The AMPS will support real-lime perspective
view gencration, for fly through mission rehearsal. through the
utilization of Level 1 DTED for slope shaded perspective
generation, photographic imagery draped over DTED, and
ADRG wpographic maps draped over DTED.

Tne AMPS will interface with the ATCCS Battefietd
Functional Areas (BFAs) along with various battlefield and US
national inteiligence assets, The BFAs are Maneuver Conwol,
Fire Support, Air Defense, Intell/Electronic Warfare, and
Combat Service Support. Aviation is an arm of Maneuver and
therefore the majority of the command directives and
intelhigence comes through the Maneuver Conirol System
(MCS; at the Aviation Brigade level. Echelons below Brigade
must interface directiy to the individual BFA assets because of
the current ATCCS architecture.

The mussion planning process will, in addition to the tactical
knechoard forms, provide the aviator with topographic and
photographic map imagery with the tactical data and flight
routes Jdepicted as uverlays in color hardcopy compatible with
the kneeboard size constraints.

The Aviation Battalion AMPS will be based on IBM compatible
PC technology. The system design philosophy is w utilize an
apen architecture o take advantage of the availability of special
purpose co-processing capabilities and the multitude of second
ang third pany suppliers of PC compatible producis. Tne basic
processor will be supporied by the following peripherals; full
color scanner, digitizer tablet, communications interface, hi-res
color and monochrome displays, full color/dot matrix printer,
CD-ROM and read/write optical disk drives, and data transfer
devices.

The Company MPS will be based on [BM compatible laptop
technology. The basic design philosophy is 10 nummize weight
and size to provide a man portable planning vapahility to the
aviator. The Company AMPS will be housed in a transportation
case that will also include an external flat panel hsplay
{optional), small dot matnx pninter, and a data transfer device

A.14, CAMPAL,

The Royal Netherlands Air Force (RNLAF) began working or
computerized systems in the Jate 1970s, about the time 3t
introduced General Dynamics F-16 awrcraft in larpe numbers. It
was believed that much of the capability of the modern aircralz
was wasted if adequate command and control systems were not
in place. NATO and individual nauons were wotking on
improved ¢l systems for use at levels above the airhase: the
Netherlands decided 1o concentrate on the airbase level inotabiy
OCA and CAS missions}.  The Computer Auded Mission
Preparation at Air Base Level (CAMPAL) as available nowdavs
has bean agreed to meet the requirements for support of the B 14
aircraft.

CAMPAL has been designed o operate as a subsystern of the
ABCCTS:
The major objective of this wterconneciion i the provision o
up-to-date, actual information by other ABCCIS subsysten
the CAMPAL system. The nformation 1s mairiy @ mode G0 ac:
as a stand-alone system: in this mode, all mission te
information is supplied from CAMPAL '« vwn swerage
excluding tasking informauon (which 1s manuaily inswered

Airbase Command and Control Information Sy<tem s

The CAMPAL system also suppefis the tacteral mission
preparation process by various analysis wols indd Enerrs
Defense Analysis Models (EDAMS Digtal Terrain Anaivs »
Models (DITAM), and Munition and Delivery Analves Moxdc's
(MADAM). EDAM yields effective rang
systems as a function of flight aliitude and
DITAM presents terrain masking diagrass for e
with known coordinates.  The MADAM pao k.\“ s
interactive weaponeering compuler program
Munitions Effecuveness Manual (JMEM».

1 nased onthe Jour

CAMPAL provides several additional fun
integration of all available inielligence Jata on erem
systems; an aircraft performance package thal immediae!
evaluates the aircraft’s capabilities and fuel requs
generating the on-board computer data file that s ranst
the aircralt via the Data Transfer Cartridge; generai :
plan (for peace-time mussions), and generaung the Combae
Mission Folder.

LIIens e

Nowdays the CAMPAL system is in the preproduction siaic As
Mission Support System/CAMPAL (MSS/C the system will be
deployed by the Netherlands Air Force  MSS'C wal gl
support otner types of missions.

A.LS. CINNA L,

CINNA 3 s the newest nussion planning svstem in the Frenvh
Air Force. Itis inlended 10 be used for prepasing mults aireraft
missions. CINNA 1 s based on a SUN Workaanon, e
hardware includes: a high resoluton color screen (1152 « G0y,
keyboard, mouse, 68020 CPU with floating point coprocessor,
16MB of RAM, a 527 2900MB hard disk. ddirect hnks o the
aircraft and & color printer. lts capabiliies include. the ahliy w
display digitized maps, route planming using intervisibiling
calculations, fuel computation, planning the tactical approach




using spot images or 3D visualizations created from digital
tertain data, and planning the attsck. The system is designed o
plan missions consisting of up w four aircraft. In the future, a
mission rehearsal capability will be added that will allow the
pilot to simulate the mission prior W take off.

ALe. CIRCE 000,

Ciree 2RKY s an automated ground planning system intended for
the French Mirage 2000N and Super Eiendard. It provides the
pilot the ability to select waypoints and navigation check points;
performs fight profile, fuel consumption, timing, and weapons
dehivery computations; and provides the crew with digitized
maps, terrain elevation data, 1actical and weather data, and
navigation points, that are linked to the system through a tactical
network, The pilot interacts with the system using a keyboard,
mouse, and menus, The Circe 2000 generates a variety of

utputs including: color flight documents, aircraft plug-in
meniory inscription, and mission rehearsal. The system also
provides intervisibility diagrams, and satellite views, and can be

A.L7. MARPLES.

MARPLES is a mission planning system being developed for
the Ttahan Air Force by Acritalia. MARPLES (Military Aircraft
Route Planning Expert Systen: is an expert system prototype
for mussion planning with an object-oriented data base and an
user-uriented interface. The data base holds geographic and
wictweal information and gives inputs to the interface. A
generator and an evaluator of likely paths are the main
components of the data base. The main MARPLES' functions
are,

< To display map information and 10 update the data base.
« To assist the pilot in planning the mission.

This function allows the utilization of the geographic and
tacocal information through (a) a map visualization, (b) inspec-
tion of its components, (¢) an updating of its contents and,
finally, (d) it allows to modify the structure of the data base. A
descriptivag of these characteristics of the Map Display will
follow.

The MARPLES interface is split into two windows: The map
itself and the menu. By making connections among all the
avaiiable tactical and geographical information, MARPLES is
able to show the degree of nisk that each area on the map
presents {Color-coding is used 1o display degree of risk). In
order to evaluate the degree of danger MARPLES takes into
account relevant information Iike altitude and the pre-identified
terrain pownts (such as waypoints, linear check points, threats).
Map scale can be changed and the level of detail relative o any
single area and/or 1errain point on the map can be selected via
menu.

The main purpose of MARPLES s mussion planning. 1., to
help the pilot to choose the hest route among the vanous
possible toutes. Mission planning through MARPLES consisis
of:

* Mission definition
» Mission planning and evalnation

Amaong the information that mission planners need in order to
ajculate best routes are:

« airfields

o task list the goals W accomplish dunng Ge misson
o aircraft configuraton

« fuel availahility

By considering mission data, the mission planner caiulates al!
likely solutions. The calculation takes place on the haas of a
task-disentanglement principle and the overall task i subdivided
into sub-tasks. Al the sub-tasks are rrocessed and calculated
parallel. As soon as this process has been completed a "task
scheduler” triggers a process that combines the different loca!
solutions (1.¢., those concerniny the sub tasks) i onder 1o nd
global solutions. This process takes into considerstion mules that
allow rejection of local solutions.

Al the end of this process many global solutions are available
and the process of evaluation can hegin. The evaluation process
takes into account well-established criteria that allow selection
of the most suitable route. To this aim bayesian algorithms are
utilized. For any possible solution any parameter receives a
weight at the global level and are referred w each other. Among
these parameters the following can be mentioned:

+ Risk exposure and acceptance
= Wavpoint recognizability

* Amount of tum

« Initial point tactical evaluation
- Alutude prefile

« Fuel consumpuon

Al the end of the evaluation process a single global soluton i<
displayed and suggested to the pilot as the best candidate for the
mission. The other soiutions are sull available and the pilot i
charge of the final evaluation and decision,

This prototype can be considered as a first step for the
realization and unplementation of a Tully developed expert
system. Theoretical and practical work is in progress for the
purpose of integrating this product with airborne systems and of
rendering it flexible according w evolutiorary tactical and
environmental conditions and the pilot’s style in planmng
missons,

A.LB. TAMPS.

The Tactical Aircraft Mission Planming System (TAMPS.
oipports operattonal military planners for a variety of aisvralt
types and missions. [t speeds the process of planning missions
for both training and combat sortes, The system also provides a
comprehensive analysis of penetration probabihities in complex
defensive networks. The system software can be adapted o a

variety of computer hardware, providing flexihility in mccing
unique operational requirements.

The key objectives of TAMPS we to

provide a common mission planning svstem for rapid
processing of large databases (terrain, ensisonmental,
weapon system performance, threat)

perform interactive detaded trade-off analysis and
dignally transfer data w/from supported weapons
systems




maximize reusability of government-owned software

minimize iew software procurements while meeting
specific weapons system mission planning requirements

provide evolutionary acquisition of incremental sofiware
releases and hardware installations.

Design of the TAMPS system is focused on improved exchange
of information between the computer and the user. If the man-
computer interface is designed to be user-friendly, the user can
more easily control the direction and pace of the planning
process by initiating specific actions. To accomplish this design
goal, the computer software will be tailored to the unique
requirements of planning functions and the software will use a
plain English menu and prompts to eliminate the need for users
to be training in computer or data processing. The TAMPS
software is designed to provide:

« the capability W define aircraft routes by specifying turn
points, speeds, and aircraft configurations

» an analysis of knovn threats relative to the selected
mission route

+ the capability to easily modify any part of an existing
mission because of changing requirements or to reduce
the probability of attrition

» a hard copy output data of the planned mission

The method used for route development is simple. The planner
moves an electronic cursor on the color graphics screen to select
locations for turn points and other essential mission actions,
This cursor is connected to previously entered points by a line
defining the aircraft ground track. A variety of graphic displays
support the planning process and are easily selected at any point
in the mission.

The interactive operation of TAMPS, using an alphanumeric
(A/N) keyboard and digitizer tablet inputs, offers an easy
alicmative to manual mission routing and aircraft performance
computations. Threat analysis is also provided to support
routing decisions. TAMPS has automated the time consuming
clements of analysis and calculation while keeping decision
making under the user's control.

The Tactical Aircraft Mission Planning System will operate on
the Micto YAX Il computer system. The color graphics screen
will be the focal point during planning. [t is on this device that
the mission will be constructed by displaying a wide variety of
background pictures that provide information necessary to plan
a successful mission. Terrain contours, threat locations, charts,
and geography are examples of screen background content that
might be used to lay in an appropriate ground track. As the
route is buill, an alphanumenic display will be updated to display
the characteristics of the mission in a tabular form.

There are three input devices on TAMPS: 8 mouse, a digitizer
tahlet, and an alphanumeric keyboard. A graphics screen is used
1o display available function keys to the mission planner. By
selecting a key name with the electronic cursor the appropriate
function will be performed. The mouse and digitizer tablet are
locator devices that position the cursor on the graphics screen,
The alphanumeric keyboard is used to type a response o a
prompt, usually on the alphanumeric screen.

A printer produces hard copy output of several alphanumeric
formats. One of these outputs, the Flight Plan, is intended for
aircrew use during the flight of the planned mission. A color

copier produces hard copy output of any graphics terminal
display.

The Tactical Aircraft Mission Planning System involves (wo
inter-related tasks: database administration and mission
planning. Prior to mission planning, the database administrator
(DBA) creates all the databases needed durirg the planning
process. Details of that task may be found in the Database
Administration Operator's Manual.

The mission planner generates the ground track of *he route,
produces aircraft performance results, and analyzes
environment. Personnel familiar with the basic elements of
aircraft mission planning, navigation, threats, and/or flight
dynamics will be best suited to use the system. Those with
aircrew experience will quickly adapt. TAMPS is designed to
make the planning process logical and swaightforward with few
special procedures. It is based on English language messages.
queries, and responses; the use of selectable function keys: and
terms and symbols familiar to the planning process.

A.1.9. TEAMS.

The Tactical EA-6B Mission Support (TEAMS) system was
implemented to demonstrate the capability to expand TEAMS 10
accommodate the requirements of integrated strike warfare. To
deliver maximum ordinance on target while increasing aircraft
survivability the system must contain the following mission-
essential functional characteristics. The system must be
flexible, incorporating command structures and all platform
requirements. The system must be fully integrated for
coordination of all battle group strike components. The system
must be quick and reactive to completely assimilate the latest
tactical data and adoptive for response to service changes. The
goal of the integrated strike warfare support system is (o
increase mission success and survivability.

TEAMS was designed specifically as an integrated
hardware/software system 10 support the EA-6B strike warfare
mission. On receipt of the sirike planning order from higher
authority, the strike planning board initiates the plan to strike the
designated targei(s). Strike planners must provide information
to guide preparations. This information includes target
identification and location, levels of damage (or number of
weapons), desired routes, critical timing, and other constraints
important to planning.

The TEAMS mission support system consists of the following
elements that are integrated into hardware and software
components. For threat preparation intelligence, training. and
standard operating procedure dociyine data are accumulated
These data are used to denive tactical data and processes for arca
operations, support contingency planning, and high level tactical
preparagion. Depending on the strike targets and constraints
imposed by the strike planner, specific strike preparation 1s
initiated. Specific sirike preparation consists of analyses of
available data for geographics, threat analysis, route fuel
planning, load out, and threat platforms and system capabilities.
Results of these analyses are converted into flight plots and
mission plan. A p st-strike analysis is conducted that focuses
on threat location damage, aircraft maintenance surmmaries, and
correlation of data and functions performed to mission plans.

The mission support system is supported by graphics
workstations that display a pian overview of the target objective.
The work stations are configured with software algorithms that
permit flexible exercise of the planning data in remote terminals




in the EA-6B ready-room suitable o pre-mission preparation.
The ready room capabilily consists of texts and graphics outputs
that are networked. Specific features of the workstation
capability are the computation of, e.g., fuel, speed, and the
critical iming of the plan to speed up and increase the pre-
decision of the planning process, and a flexible graphics
capability that provides rehearsal of the mission prior to mission
execution,

A.2. EVALUATION OF AUTOMATED SYSTEMS.

The emerging mission planning systems that have been
reviewed in this report represent a wide cross section of
rmussions, aircraft, nations and capabilities. The intention of this
sub section is to discuss and compare these mission planning
systems in a manner that illustrates their similarities and
differences.

The comparisons will be made for all of the mission planning
systems reviewed previously in five categories.

i1 System Qverview, Describes an overview of the
mission plannmg sysiems that includes (a) information
on the developer, user and application aircraft for each
mission planning system and (b) a description of the
mission planning capabilities of ecach system (route
planning, intervisibility, weapons delivery and aircraft
performance manuals),

(2) Hardware. Describes the hardware configuration of
the mission planning system in terms of the computer
and its data storage capabilities (hard disk, optical disk
and tape).

Database Capabilitics. Describes what databases the
mission planning system supports including terrain,
satellite photography, intelligence data, operational
data. weather data, pilot reports, radar imagery, FLIR
imagery and commundcations information.

«4) Exgonomics, Describes the computer interfaces to the
mission planning systems (mouse, trackball, joystick,
teuch screen), whether on-line help is available and
whether the system can adjust the time required to
generate a flight plan to respond to limited-time
planning situations.

Mission Rehcarsal. Describes what mission rehearsal
capahilities are available in the mission planning
systems including whether the system supports 2D

(3

2l

viewing, 3D viewing, variable speed simulation
capability and dynamic events.

A.2.1. System Overview.

An overview of the automated mission planmng syslems s
provided in Table A-1 For each mission planning system, this
\able provides: the developer of the system, the services that are
using or supporting the development of the syswm, the aircral
that the system is designed to support, whether the system s
ground based, ship based, or an airborne system, and whether o
not the system is currently operational.

Developers, The development of the emerging mission
planning systems has been performed by a comhinanon of
large. well established avionics companies (Acritalia, General
Dynamics, McDonnell Douglas, Ferranti) and by a group of
smaller companies specializing i miss:on planmng svsiems
(Horizon Technology. Meni Technology, Conunand Systems

Services, The automated mission planning svswems are being
developed for almost every service (army, navy, ar force,
marines) of every NATO couniry that was surveyed

Apblications. Mission planninyg systems are beny developed
for a wide variety of aircraft and aircraft missions as shown in
Table A-1.

Basing Mode. All of the automated mission planning systeims
reviewed here have been designed for use on the ground or en-
board a ship.

Operational Staius. Approximaiely half of the mission planning
systems reviewed are currently operational.  However those
systems Lhat are operational are avaifable in very limited
numbers. The few systems that have been depioved are, for the
most part, in the field {or evaluation by operational farces.
Those systems that are not operational, range from near
operational levels to laboratory studies.

An overview of the mission planning capabilitics of the
automated mission planning svstems is provided in Table A2
For cach mission planning systern, this table indicates whether
or nat the system can support intervisibility and masking
calculations for either ground-to-air (G-A) or air-to-air (A-A)
threats, route planning, weapons dehivery planning (where
applicable), and on-line aircraft performance

TABLE A-1. Overview of Emerging Mission Planning Systems.

System Developer Service Application Based Operational
AAFMPS Not selected USAF F.15,F-16, F-111, ATF, ATA Ground No
AMPA N/A RAF Harrier GR7, Tomado Ground No
AMPS Not Selected USA AlL-64, OH-58, UH-60A, CH-73 Ground No
CAMPAL NLR RNLAF F-16 Ground No
CINNA3 MATRA FAF Mirage 111, V, FICR, Jaguar Ground Y
CIRCE 2000 SAGEM FAF Mirage 2000M, Super Etendard] Ground Yes
MARPLES Aeritalia IAF AMX Ground No
TAMPS M. Douglas USN F-14,18, A-6,7, AV 8B Gr/Ship Yes
TEAMS PRB Associates USN EA-6B Gr/Ship Yes




TABLE A-2. Mission Planning Capabilities of Emerging Mission Planning Systems.
System Inservisibility Route Planning | Weapons Delivery Aircraft Performance
AAFMPS G-A Yes Yes Yes
AMPA Masking Yes Yes Yes
AMPS Yes Yes Limited Yes
CAMPAL Yes Yes Yes Yes
CINNA 3 In Progress Y Yes Yes
CIRCE 2000 In Progress Yes Yes Yes
MARPLES In Progress Yes No Yex
TAMPS G-A, A-A Yes Yes Yes
TEAMS Yes Yes Yes Yes
lntervisibility. Most of the mission planning systems surveyed Data Siorage Capabilities. Al of the automated mission

performed inter-visibility calculations for ground-to-air threats.
Only three of the systems (and only one of the operational
systems) performed intervisibility calculations for air-to air-
threats.

Route Planning. Route planning was provided by all of the
mission planning sysiems that were reviewed.

Weapons Delivery, Weapons delivery planning was provided
by 8 majority of the mission planning systems and by most of
the systems that were developed for fixed wing aircraft.

Aircraft Performagce Manuals. All of the mission planning
sysiems support on-line access to the aircraft’'s performance
manuals. Performance information is required w assess fuel
usage during the course of the mission and is therefore of
critical importance. Any mission planning system that cannot
provide this capability is of limited use.

A2.2. Hardware.

An overview of the hardware used to implement the automated
mission planning systems is provided in Table A-3. For each
mission planning system, this table describes: the computer and
storage capabilities of the system.

Computer, Almost all of the automated mission planning

systems that were reviewed are implemented on computer
workstations, the dominate choice being the Micro Vax II.

planning systems provided data storage capabililies 11sing some
combination of hard disk, optical disk and/or tape drive. All of
the systems that were reviewed provided a hard disk. The size
of the hard disks varied from a low of 80 MB 1o a high of 630
MB. Some of the systems provide an optical disk capabiiity.
The optical disk is used by most of the systems 1o store 1errain
data. Over half of the sysiems provide tape drives. The use of
the tape drive seems to split equally between use as a primary
data storage medium and as a back up device.

The capabilities of a mission planning systemn are directy tied o
the number of types of mission data that it can access and
process. In Table A-4, the data bases supported by each mission
planning system are listed. The databases thal were considered
in this survey are digital terrain elevation data (DTED). satellite
photography (Photo), wntelligence data (Iniel), operational data
(Ops), pilot reports (Pireps), radar imagery (Radan), infrared
imagery (FLIR) and weather data.

It is difficult 10 make any general conclusions alaout data hase
capabilities. With the exception of digital terrain data, none of
the categories was supported by all of the systems. Most of the
systems supported several categories of dala but these categories
varied from system to system. In general it appears as if each
planning system supports only those data bascs that are of
primary importance to the mission for which it was designed.

TABLE A-3. Hardware Configurations of Emerging Mission Planning Systems.

System Computer Hard Disk Opt. Disk Tape Weight
AAFMPS N/A Yes Yes Yes N/A
AMPA N/A N/A N/A N/A N/A
AMPS 386 PC 200 MB 600 MB No N/A
CAMPAL N/A N/A Yes N/A N/A
CINNA 3 Sun Wrkst 527MB No No N/A

CIRCE 2000 N/A 40-150 MB 3-6GB No 130 Kg
MARPLES Symtalics 370 MB No N/A N/A
TAMPS Micro Vax 11 630 MB No TKS50-AA N/A

—TEAMS Work Station 2 450MB Yes 9 track 680 Kg




TABLE A-4. Database Capabiities of Emerging Mission Planning Systems.

Svstem DTED | Photo Intel Ops | Pireps | Radar | FLIR | Comm |Weawher
AAFMPS Yes Yes Yes Yes Yes Yes Yes Yes Yes
AMPA Yes Yes Yes Yes No No Yes Yes Yo
AMPS Yeox Yex Yo Yes Yes No N Yo Yos
CAMPAL Yes No Yos No Yes o No No N
CINNA 3 Yes Yes Yes Yes No Yes No Yos N
CIRCE 2000 Yes No Yes Yes Yes Yes No No Yeu
MARPLES Yex No Yes Yes No No No No No
TAMPS Yes Yos man man s Yes Nes No man
TEAMS Yes No Yes Yes Yes No No No No

A.2.3. Ergonomies

Ergonomics are an important part of any mission planning
systeny. The primary benefits of a mission planning system (the
abitiy w generate more cffective mission plans in Jess time)
cannot be achieved without a well designed user snterface
Three ergonomic factors were reviewed for cach nussion
planning svstem: the man/inachine interface, the availability of
on-line help, and the ability of the system 1o vary the nme
rec-nred w plan the mission to support situations where oniy
smited time is available for planning.

{mtersace, The man/machine interface is one of the critical areas
affeciing ergonomics in automated mission planning systems,
OF particular concern is the ability for the human operator 10
enter + ita and commands quickly and easily. To meet this
requiresnent all of the new mission planning systems have
suppierrented the wraditional keyboard interface to the computer,
with & variety of pointing aids including the mouse, trackball,
Jigitizer cross-hair, joystick and touch screen. Many of the
systems offer a package of several pointing aids, adding
exibility to using the system. Pointing aids are particularly
userul for mission planning because they can eliminate the need
fin entering latitude, longitude locations via the keyboard. This
not only reduces the time required © plan the mission, but also
reduces the likelihood of errors. Pointing aids also allow the
user W interact with the system using menus instead of keyboard

commands dhat reduces the amount of mlormation the oper:

must memorize in order W ofifective, . use the system

On:dine Help, AT of the mission systems that were revica:d
provide some form of on-hine help 1o the operator, altheugh e
quahiy of that help was much more limited in some of e
systems than others

Variable Plan Time. All of the mission planaing systems. with
the exception of TAMPS, did provide some variahle plunning
time capabilities. Again as with the on Hine help, some systers
provided greater capabiiities than others.

Mission Rehearsal Capabiliy. The coniputer-based missior

planning sy
make it possible to rehearse the mission via simulation

stems when combined with color graphics hardware

expected that this capability can dramatically enhance p

performance during the exccution of dw mission The my

rehearsal capabilities of the mussion planning systems that were
reviewed are displayed in Table A6 Information is prosided
imndicating whether each mussion planmuing supperts 20 and 3D
(bird's-eye) views durmg mission rehearsal, whether the svstem
supports a variable speed simulation (slower or faster than real
time), and whether the system supports dynamic events durinig
the rehearsal. Al of the systems that provide nussion rehears:!
capabilities (about half of the totaly support both 2D and XD
viewing during the rehearsal.

TABLE A-5. Ergonomics of Emerging Mission Planning Systems.

System Interface On-line Help Variable Plan Time
AAFMPS unspecified unspecified Yes
AMPA mouse, trackball Yes Yes
AMPS graphical, trackhall Yes Limited
CAMPAL trackball Yes Yes
CINNA 3 mouse Yes Yes
CIRCE 2000 mouse Yes Yes
MARPLES mouse Yes Yeos
TAMPS mouse Yes No
TEAMS keyboard and mouse Yes Yes




TABLE A-6. Mission Rehearsal Capabilities of Emerging Mission Planning Systems.

System 2D View 3D View Variable Speed | Dynamic Events
AAFMPS Yes Yes Yes Yes
AMPA No No No No
AMPS Yes Yes No No
CAMPAL Yes No No No
CINNA 3 Yes Yes Yes Yes
CIRCE 2000 Yes Yes Yes No
MARPLES Yes No No No
TAMPS Yes Yes Yes No
TEAMS Yes Yes Yes No

Varizble_Speed. The ability to vary the speed of the mission
rehearsal is very useful because it allows the pilot to “fast-
forward™ through mission phases where work load is low and o
thus spend more time rehearsing the critical mission phases.
About haif of the mission planning system surveyed provided a
variable speed mission rehearsal capability.

Dynamic Events. The capability to simulate dynamic events
enables the pilot to rehearse “what if” situations {(what il a threat
pops up here, what 1f you lose an engine half way into the
mission, what if the primary target changes in-flight).
Unfortunately, only two of the planning systems (AAFMPS and
CINNA 3) provides this capability.

The automated mission planning systems that are being
developed to replace paper maps and grease pencils represent a
major step forward for tactical mission planning. The new
systerns enahle the pilot to plan a more effective mission, faster,
and with less likelihood of error. In addition, the mission
rehearsal features of the new systermns enable the pilot to gain

increased familiarity with the mission, before it is flown and w
identify critical areas of the mission where workload may be
high.

The new systems represent a major step forward, however,
significant improvements remain to be made. Of particular
importance is the requirement for moving mission planning
systems from the ground and into the aircraft, but none of the
emerging mission planning systems reviewed in Phase One s
addressing this problem. In addition, the emerging mission
planning systems need to improve their data base capabilibes so
that they can support a wider variety of the intclligence and
operational data that will be availshle in future conflicts. In the
NATO arena interoperability is a critical concern. As mission
planning becomes more dependent on automated systems, it wiil
become necessary for mission planning systems Lo suppoert the
mission planning needs of NATQ aircraft of other countries, or
else reduce the ability of the NATO) air force« 1o operate out of
any NATO air base.
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