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Introduction

The O-Plan Transition Project aims to transfer O-Plan (Currie & Tate, 1991; Tate, Drabble & Kirby, 1994; Tate, Drabble & Dalton, 1996; Tate, Dalton & Levine, 1998) concepts, techniques and technology into productive use.  It is doing this by engaging in a number of studies or demonstrators with DARPA and AFRL Programs.  The main effort in 1999 is directed towards support to the soldier in US Army Small Unit Operations (SUO).

The project at AIAI is divided into four phases, as shown here.
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· Figure 1: AIAI SUO-PDA Workplan

This report documents work performed during phase one of the project over the period December 1998 to March 1999 on domain familiarization and the creation of the initial domain models.  During phase one, AIAI’s aim has been to understand the application requirements by studying two scenarios nominated by Mr. Ken Sharpe of SAIC, acting on behalf of Dr. Mark McHenry, the SUO Program manager at DARPA.  The two scenarios were chosen since they had suitable support materials available to help brief AIAI project members, and because they were felt to offer a suitable base to explore the potential of AI planning methods in SUO.

As we enter phase 2 in April 1999, a team at SRI International working under Dr. David Wilkins is expected to begin work formally – they have been engaged in pre-contract discussions and exchanges of concepts of operations from the outset of this work. It is hoped that this report will act as a means to rapidly familiarize the SRI team with the knowledge gained by the AIAI team. The current plan is for AIAI and SRI International to collaborate during the remaining phases of the project.

This report begins with a short introduction to the two nominated scenarios.  It is hoped that these will form the basis for the demonstration storyboard or scripts to be proposed by the end of phase two of the work. These scenario descriptions are overviews intended to allow someone unfamiliar with the application to get an overview and to have a single place to act as a starting point to access further materials.

It is anticipated that the focus of the work will be on supporting planning and execution of plans across multiple echelons – with an initial target being to take a Company level OPORD, and to refine it for use at Platoon and Squad/Team level.  Addressing the issues involved in representing and communicating objectives, plans and reports between several levels of the organization is one of the research aims of the work.  Hence a part of the initial studies involved obtaining, understanding and representing typical OPORDs for the types of SUO missions being considered. The target representations were intended to be suited to AI planning and reasoning.  For this work we took a “top-down “modelling approach using a structured methodology and AI support tools to understand the OPORD structure and contents, and to model them in terms of a shared plan or process ontology.  The aim was to validate this approach, or to feed back issues that arose in its use. This work was intended also to provide a specification of the military SUO tasks or objectives that we were intending to plan for.

A parallel part of the familiarization study was the creation of initial domain models – the intention being to obtain an outline model that would form a solid basis for the detailed domain modelling to be performed in later phases to support the specific work and demonstrations to be undertaken.  This part of the work took a “bottom-up” multi-perspective approach, using an eclectic range of techniques.  These were used to elicit: the basic concepts and entities in the domain; to understand the primitive transformations or activities that can be performed by or on these entities; and to study their conceptual grouping into aggregate or compound entities. Experience shows that this basic phase of domain modelling is a key to a successful detailed modelling stage.

An abstract approach to domain modelling is possible, and the consideration of the translation or use of those models in specific systems can be delayed.  However, it was felt to be a wise precaution to make an early start on mapping the initial models into a form usable by AI planners such as O-Plan and SIPE-2. This is concept proof work that will form part of phase two of the project in any case.   An overview of the modelling issues raised is provided to act as an initial list of points which will have to be addressed in phase two of the project in order to propose a suitable demonstration scenario within SUO.

Similarly, while really a part of phase two of the work, an architectural sketch of how the AIAI and SRI teams propose to combine their systems to address the SUO scenarios, as far as they are understood at the moment, has been created to act as a “strawman”.

The final part of work during phase one was an initial study of a range of planning-related modules.  These were thought to be relevant for integration with an AI planning system in any eventual Planning and Decision Aid incorporated within a SUO Situation Awareness System. 

1.0 Demonstration Scenarios Synopsis

1.1 Introduction

Four scenarios have been prepared within the DARPA Small Unit Operations (SUO) Situation Awareness System (SAS) Program to test the technologies developed on the program in a varied range of terrain and combat conditions. Two of these scenarios will be used to demonstrate the Planning and Decision Aids (PDA) Component of the Program:

· Military Operation in Urban Terrain (MOUT) Operation San Roberto (OSR) succeeds "Operation Quick Strike
" that has secured an airhead in the country of Southland. The objective of OSR is to neutralize a number of enemy observers located in a village who are directing artillery fire on to the airport secured in "Operation Quick Strike" and to free civilian hostages within the village. OSR has been designed to test the SUO Situation Awareness System (SAS) technologies in the context of a Military Operation in Urban Terrain (MOUT) scenario.

· Defensive Operation (Scenario 3) in Restrictive Terrain has been sketched by Ken Sharpe to AIAI in December 1998. The essence of the operation is the blocking of enemy forces in restrictive terrain.

This section provides a brief synopsis of these operations and pointers to the detailed descriptions held on the Small Unit Operation web site. Each synopsis begins with pointers to these source documents before describing the world situation, general situation, special situation and concept of operations.

1.2 MOUT Operation San Roberto

1.2.1 Source Documents

Documents detailing this operation are available from the SUO Web site at: ftp://suoteam@dtsn.darpa.mil/suo/Technical_Papers/SUO_CONOPS/MAPEX_Files/Scenario_2/
These documents include:

· SUO_MOUT_Document.doc: textual description of the world situation in which the operation is to be performed and a description of the operation itself.

· SUO_DD.ppt: maps of the overall area in which the operation will take place. 

· mck23Jun.ppt: Annotated maps depicting the movement of forces during the operation.

· Matrix2.ppt: Synchronization matrix describing the order in which the major activities of the operation will be execution. 

· moutgrid.xls: Mapping of scenario entities (buildings, landing zones) to grid locations.

· OPFOREV.xls: Instruction to individuals taking the role of the opposition force in the scenario. 

· MOUT_Annex_A-LOI.doc: Letter of instruction detailing how the scenario will be conducted.

1.2.2 World Situation

The Islamic fundamentalist regime in Algeria has invaded neighbouring Morocco. The U.S. has committed a significant force to assist Morocco to repel the invasion. Taking advantage of the United States' focus on North Africa, both North Korea and Iraq began to act bellicosely. Exacerbating the situation was a coup d'etat in Southland. The coup caused strong reaction in the Organization of American States, which looked to the United States to provide both political and military leadership in restoring the democracy of Southland. Reacting to international pressure, the President of the United States reluctantly agreed to commit a small U.S. force to Southland with the proviso that other South American countries would send follow-on forces to assist in the operation.

1.2.3 General Situation

Southland is a small and impoverished South American nation. It neighbours are Navoto to the West and La Cinda to the East. The Navato government maintains proper relations with the United States and is desirous of US enhanced economic aid but is reluctant to permit any significant US presence in the Country. La Cinda has a weak government which has been corrupted by the forces leading the coup de'etat in Southland.

1.2.4 Special Situation

23 March 2003

The JTF 780 using Army Airborne and Marine SUO SAS infantry seized a regional airfield in Southland. The airhead was quickly secured with minimal US casualties. This operation was named "Operation Quick Strike." 

Souhtlandian forces fled the battlefield into the adjacent mountains and neighbouring villages of El McKenna and Jolon. El McKenna, located approximately five kilometres east of the Airfield, is the local administration centre and has approximately 20 buildings. The principal buildings include the town hall, a small regional hospital and San Roberto. San Roberto is a Franciscan mission dating to the 17th Century and it has great historic and culture significance. The remainder of the village is composed of small commercial buildings and dwellings.

During the afternoon of the 23 March, the airfield is struck sporadically by artillery fire. Crater analysis reveals that the airfield is being targeted from a number of directions by artillery of varied calibre’s.  Aerial reconnaissance is unable to locate the attack platforms. However, surveillance of El McKenna and Jolon indicates no signs of the local civilian populations and some indication that Southlandian forces are occupying the villages. 

24 March 2003

Intercepts of messages from the leader of the opposing force in the village of El McKenna indicate the following situation:

· Enemy force consists of 17 solders. Two are lightly wounded and in the hospital along with two other soldiers who are guarding five hospitalized El McKenna natives, and 15 civilian hospital staff.

· Remaining inhabitants are gathered in the local church.

· Enemy command post is in the town hall.

· The enemy will continue to direct fire onto the airfield.

· The enemy has supplies to remain in the village for seven to ten days. If attacked, the enemy will draw on reinforcements from Jolon.
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· Figure 2: Village of El McKenna

As a result of this intelligence, US forces have been tasked to neutralize the air field threat so that coalition forces can be brought in as soon as possible to relieve US forces. The President also directs that there be no civilian casualties, no damage to any significant historical, cultural, or religious site, and the damage to other property be minimized.

1.2.5 Concept of Operations

The Marine Ground Combat Element, 1/8 Marines will use one company, Alpha Company, augmented with four robots and robot operations and reinforced by an airborne infantry platoon, 1/A/1-504th Inf (ABN), to neutralize Objective San Roberto. 

Alpha Company has the mission of occupying the village of El McKenna. The airborne infantry platoon will monitor and interdict the OPFOR light infantry platoon occupying Jolin and the mechanized company located in the vicinity of King City.
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· Figure 3: Area Surrounding the Village of El McKenna


· Figure 4: Operation San Roberto - Execution Phase

The concept of operations is described here (El McKenna village buildings have code letters such a Aa, J, N, etc. on operations maps for the scenario):

· At H-10:30 Team A 3rd Platoon will land at LZ OWL. Its mission is to move to OBSERVATION POINT MIKE and conduct a detailed reconnaissance of OBJECTIVE SAN ROBERTO. Specifically, it will locate all enemy observation/ listing posts, identify all buildings as occupied or unoccupied, and identify the location of personnel in Mission San Roberto, El McKenna Regional Hospital, and the town hall. It will then assist 4th Platoon in evacuating non-combatants.

· At H-4 the ground assault element consisting of the 4th platoon and Team B 3rd platoon will land at LZ ROBIN. They will move to POSITION TOM. At H hour the ground assault element will conduct a three-phase operation.

1. Assault and secure OBJECTIVE WEASEL (Building Aa) from the south east.

2. Assault OBJECTIVE FERRET (Building N, San Roberto)

3. Clear the southern half of OBJECTIVE SAN ROBERTO

· At H-4 the 1st Platoon will air land at LZ OWN, move to POSITION JERRY, and on order, assault OBJECTIVE FOX (Building J - El McKenna Regional Hospital) and clear the north west quadrant of OBJECTIVE SAN ROBERTO.

· At H-4, the 2nd  Platoon will air land at LZ OWL, move to POSITION JERRY, an on order, assault OBJECTIVE COYOTE (Building L - town hall) and clear the north east quadrant of OBJECTIVE SAN ROBERTO. 

· Team A, First Platoon, Alpha Company, 1-504 Infantry move into OBSERVATION POINT ONE (OP1) by vehicle and foot NLT H1-12 to observe and interdict OPFOR forces in Jolon.

· Team B, First Platoon, Alpha Company, 1-504 Infantry fly to LZ SPARROW and move into OBSERVATION POINT TWO (OP2) by foot NLT H1-12 to observe and interdict OPFOR mechanized forces coming from vicinity of King City.

1.3 Defensive Operation in Restrictive Terrain

1.3.1 Source Documents

This description is based on the briefing given by Ken Sharpe at AIAI during the 15th, 16th and 17th December 1998.

1.3.2 World Situation

Unknown

1.3.3 General Situation

Unknown

1.3.4 Special Situation

Unknown

1.3.5 Concept of Operation

Opposition forces are expected to advance through an area. Friendly forces are ordered to intercept this advance. The terrain is composed of two passes through raised ground. Opposition forces are expected to move from the top of the figure at Phase Line One and advance down the figure along the paths. It is anticipated that the opposition forces will use both pathways through the raised ground. Upon exiting the raised ground, the opposition forces have a choice of routes. It is anticipated that they will take the central route. The actual route taken by the opposition forces will be known by the time that these forces reach phase line two.


· Figure 5: Defensive Operation in Restrictive Terrain

This operation will use two platoons. Friendly forces are positioned on top of the raised ground and the central path in squad groupings (rectangle with two dots in the figure). These positions are expected to allow fire to be put down upon the advancing opposition forces. The two units not positioned on high ground offer the flexibility to move to the path on the right of the figure in the event of opposition forces taking this route.

2.0 Operational Order  (OPORD) Representation

2.1 Aim

This section describes the content of the Operational Orders issued within the US Army. It then takes the first step towards developing an automated planing application by proposing a mapping of this content to a plan ontology.

2.2 Approach 

The content of US Army Operational Orders was identified primarily through the document "FM-105 Staff Organization and Operations". This document is "the Army's doctrinal source for the military decision making process" (FM-105 p. vii) and contains an appendix defining the content of OPORDs (pp. H-12 to H-24). This phase was also supported by the "Do-It-Yourself Warning and Operation Order Handbook" by Tscherne and two OPORDs describing an ambush operation obtained by Austin Tate at Fort Benning in January 1999. The results of this analysis are presented in a structure preserving that given in FM-105. Specifically, that an OPORD has the following major sections: Situation, Mission, Execution, Service Support, and Command and Signal. The contents of each major section are presented in tabular format with a row for each attribute. Each attribute is defined before an example specification is given.

With the content of US Army OPORDs identified, the first step towards developing an automated planning application is taken by mapping each attribute that can occur within an OPORD to a plan ontology.  We used the DARPA Shared Process and Activity Representation
 or SPAR ontology [Tate, 1998; SPAR Group, 1999]. The principal scope of SPAR is to represent past, present and possible future activity and the command, planning and control processes that create and execute plans meant to guide or constrain future activity. It can be used descriptively for past and present activity and prescriptively for possible future activity. Automated planning systems require that a domain be described in terms of the concepts within a plan ontology such as SPAR. WE have carried out the first stage of this mapping. It takes each concept within an OPORD and maps it to concept(s) in SPAR. The SPAR ontology is itself is shown in Figure 6.

[image: image1.png]Koy
o Aagegsion
— Aesosaion
<] comaiston
223 Caniralty
* oinain eshecperiiator
s |+
[oomone |
BRES .. o
Braimrordima | [Comaietoraiain | [Faingorerart |
Erhaton
i FariyPasaioctien

CPAR Mokl - et Frontead 15 M.




· Figure 6: Plan Ontology - SPAR Model

The Activity Constraint entity in the SPAR ontology is specialised into the following categories for use within an AI planning system.

· Temporal Constraints

· Activity-Relatable-Objects

· World State Constraints

· Resource Constraints

· Spatial Constraints

· Authority Constraints

· Other Constraints

· Annotations.

2.2.1 Source Documents

The following domain documents were used to identify the content and context of US Army OPORDs.

· FM-105 Staff Organization and Operation, US Army publication. No year or source URL.

· The Do-It-Yourself Warning and Operation Order Handbook, Rick Tscherne, Ricks Books, no year of publication.

· Combat Leader's field Guide (11th Edition) J. Gallagher, Stackpole, 1994,  Books, USA.

· RB1R13 FTX-1 Platoon Operation Order (Ambush) 4, Feb 1998. OPORD acquired by Austin Tate at Fort Benning, USA.

· RB1R13 FTX-1 Squad Warning Order (Ambush) 14, May 1998, Acquired by Austin Tate at Fort Benning, USA.

2.3 OPORD Content Analysis

This section presents the content of US Army OPORDs together with a proposed mapping of each attribute to the plan ontology. 

2.3.1 Identification

The identification section sits outside the five-paragraph structure of Situation, Mission, Execution, Service Support, and Command and Signal but is an essential component of an OPORD.

Attribute
Meaning
Example
Plan Ontology Mapping

Classification
?Security classification?

Attribute of a PLAN entity

Change from Oral  Orders
If the formal order differs from a previous verbal order, this section summarizes the differences and highlights the location of those differences within the order

Referring to a relationship between versions of a PLAN. It will potentially include any entity within a plan.

Copies
Identifies this copy within the set of copies
4 of 5
Used to differentiate copies of a PLAN instance. This would be an attribute of the PLAN entity.

Issue HQ
Name of issue HQ

Assume that the Issuing HQ is an AGENT that holds some or all of the OBJECTIVES that a PLAN instance is to achieve. This is the identity of that agent. 

Place of Issue
Location of the issue HQ
EDINBURGH
Attribute of the Issuing HQ

Time Zone 
Operations over multiple time zones need to specify times in relation to a common time reference.
ZULU (equivalent to GMT)
Could map to the Calendar attribute within the ENVIRONMENT concept

Message Reference Number
Used by the sending location to enable the addressee the acknowledge receipt of the order

Attribute of the message entity with which a copy of a PLAN instance is communicated

Order Number
Uniquely identifies an OPORD. These are generally numbered sequentially through a calendar year.

Attribute of a PLAN entity. This could uniquely identify plan entities.

Reference Material
List of the documents referenced by the OPORD. Examples include maps, tables etc.

Visualisations of the ACTIVITY CONSTRAINTS, ACTIVITY-RELATABLE-OBJECTS, and potentially all entities in the SPAR ontology used in a PLAN

Task Organization
Describes the allocation of available assets available to the issuing commander to subordinate commander. The structure also establishes command and support relationships.

List of ACTIVITY-RELATABLE-OBJECTS that the AGENT who is to further refine or execute a PLAN instance has some AUTHORITY constraints over. These ACTIVITY-RELATABLE-OBJECTS are expected to take on the role of RESOURCE constraints.

2.3.2 Situation

This section outlines the current operational situation in terms of enemy forces, friendly forces, and attachments and detachments. 

Enemy Forces

The OPORD must reference enemy forces up two echelons below the level of the issuing unit.

Attribute
Meaning
Example
Plan Ontology Mapping

Enemy's most likely course of action
Specifies the most likely course of action that the enemy will take.
The enemy platoon operating in our area will continue to conduct limited squad size ambushes. 
A PLAN Instance. The AGENT holding the objectives that this plan achieves is expected to be the enemy. 

Enemy's most dangerous course of action.
Specifies the most dangerous course of action that the enemy may take.

A PLAN Instance. The AGENT holding the objectives that this plan achieves is expected to be the enemy.

Size
Specifies the believed size of the enemy force
The enemy platoon is numbered at 22 to 24 men operating in  squad size (7 to 8 men) elements
The ACTIVITY-RELATABLE-OBJECTS available to the enemy. It is expected that these will take the role of RESOURCE-CONSTRAINTS.

Activity
Describes the recent activities of the enemy force 
The enemy has been conducting resupply operations and aggressive offensive operations such as squad size ambushes and sniper attacks.
A series of PLAN Instances describing the enemy's previous activates

Locations
Describes the believed location of the enemy force
The enemy platoon is located north of Highway 137
ACTIVITY-RELATABLE-OBJECTS corresponding to geographical locations. It is expected that this will take part in SPATIAL-CONSTRAINTS on the enemy and friendly force plans. 

Identification
Describes how to identify the enemy
The enemy has been identified as the Peoples National Revolutionary Movement. The enemy wears a combination of desert camouflage uniforms with civilian clothes
Attribute of the ACTIVITY-RELATABLE-OBJECTS available to the enemy. 

Moral and capabilities
Describes the believed moral of the enemy and its capabilities 
The guerillas morale is excellent due to their recent success in inflicting numerous casualties on or forces. The guerillas are well trained and capably lead. They are familiar with the land and can live of the land with the help of the local population.
Property of the ACTIVITY-RELATABLE-OBJECTS available to the enemy. It is expected that this will form an ACTIVITY-CONSTRAINT on the enemy and friendly plans. Currently assigned as an OTHER-CONSTRAINT.

Friendly forces

Attribute
Meaning
Example
Plan Ontology Mapping

Mission of the next higher unit
Outlines the higher commander's intent and concept of operations for headquarters one and two levels up.
US forces will conduct ambushes in the assigned area to destroy enemy personal and equipment in order to prevent enemy logistical re supply
Presentation of the PLAN showing the OBJECTIVES held by the next higher unit AGENT. It will also include some high level ACTIVITY SPECIFICATIONS and mention the enemy OBJECTIVES that the mission will counter.

Unit to our front
Action to be carried out by friendly forces at our front
First platoon will depart point x and time y and will parallel our route to the west and will conduct squad sized ambush in zone 2
Presentation of the PLAN showing the OBJECTIVES held by friendly AGENTS with activities SPATIALLY CONSTRAINED to occur to this unit's front. It will also include some high level ACTIVITY SPECIFICATIONS and mention the enemy OBJECTIVES that the mission will counter.

Unit to our right
Action to be carried out by friendly forces at our right
First platoon will depart point x and time y and will parallel our route to the west and will conduct squad sized ambush in zone 2
As above, expect unit's to this unit's right.

Unit to our left
Action to be carried out by friendly forces at our left
First platoon will depart point x and time y and will parallel our route to the west and will conduct squad sized ambush in zone 2
As above, expect unit's to this unit's left.

Unit to our rear
Action to be carried out by friendly forces at our rear
First platoon will depart point x and time y and will parallel our route to the west and will conduct squad sized ambush in zone 2
As above, expect unit's to this unit's rear.

Fire support provided by
Non organic assets available to provide indirect fire support
The first field artillery is located at location Y. 81mm mortars are located at location z Request all fires through battalion
List of the ACTIVITY-RELATEABLE-OBJECTS that can take on the role of RESOURCE in activates for providing fire support. It will include the ACTIVITY-SPECIFICATION for accessing these resources and some EVALUATION CRITERION on the priority requests will be serviced.

Attachments and Detachments

Attribute
Meaning
Example
Plan Ontology Mapping

Lists the attachments and detachments made between friendly units for this mission.


Definition of the AUTHORITY-CONSTRAINTS between the friendly ACTIVITY-RELATABLE-OBJECTS taking part in this plan.

Weather Forecast

Attribute
Meaning
Example
Plan Ontology Mapping

General weather for the next  n hours will be:
Obvious

Potentially a WORLD STATE ACTIVITY CONSTRAINT

High and low tides
Obvious

Potentially a WORLD STATE ACTIVITY CONSTRAINT

Wind speed and direction
Obvious

Potentially a WORLD STATE ACTIVITY CONSTRAINT

Illumination
Obvious

Potentially a WORLD STATE ACTIVITY CONSTRAINT

Moon rise and set
Obvious

Potentially a WORLD STATE ACTIVITY CONSTRAINT

Sun rise and set
Obvious

Potentially a WORLD STATE ACTIVITY CONSTRAINT

Terrain

Attribute
Meaning
Example
Plan Ontology Mapping

Observation and Fields of Fire
The average distances that the terrain and vegetation enables one to see and fire over
Observation is limited to 50 to 75 meters due to the vegetation. Fields of fire are limited to 75 meters due to the rolling slope of the terrain.
SPATIAL ACTIVITY CONSTRAINT

Cover and Concealment
Details how the vegetation and terrain enable both friendly and enemy forces to conceal themselves and equipment.

SPATIAL ACTIVITY CONSTRAINT

Obstacles
Lists key obstacles to movement.
Erosion ditches located north of Highway 137 channelize movement and slow our dismounted movement.
SPATIAL ACTIVITY CONSTRAINT

Key Terrain
Areas that are key either because of psychological or tactical significance.
The village of Bunea Vista holds psychological significance, as it is the home of the leader of Buena Vista.
SPATIAL ACTIVITY CONSTRAINT

Avenue of Approach
General effect on movement of the terrain and vegetation
Dismounted movement is easily conducted throughout our area of operation.
SPATIAL ACTIVITY CONSTRAINT

Mission

Attribute
Meaning
Example
Plan Ontology Mapping

Mission Statement
A succinct statement of the mission the receiving unit is to perform. The mission statement must include who will do what, where, when, and why.
First platoon of first company conducts area ambush of selected named areas of interest in zone n to destroy enemy personal and equipment in order to prevent re supply and reinforcement of enemy positions.


Statement of the OBJECTIVES of a PLAN together with a high level view of its ACTIVITY SPECIFICATION, RESOURCE CONSTRAINTS, SPATIAL CONSTRAINTS, and TIME CONSTRAINTS.

Execution

Concept of Operations

This is based on upon the COA statement created during the MDMP. The concept of operation will detail:

Attribute
Meaning
Example
Plan Ontology Mapping

Maneuver
Describes the movement of friendly forces during the operation

Presentation of a PLAN showing only those ACTIVITY-SPECIFICATIONS pertaining to movement

Fires
Describes the scheme of fires to support the overall operation

Presentation of a PLAN showing only those ACTIVITY-SPECIFICATIONS pertaining to fires

Reconnaissance and Surveillance
Describes the reconnaissance and surveillance plan and that that plan fits into the overall operation plan.

Presentation of a PLAN showing only those ACTIVITY-SPECIFICATIONS pertaining to Reconnaissance and surveillance 

Intelligence
Describes the intelligence plan for supporting the operation. This includes target and battle damage assessment as well as counterintelligence.

Presentation of a PLAN showing only those ACTIVITY-SPECIFICATIONS pertaining to intelligence

Engineer
Describes how engineering assets will support the plan. Examples include obstacle clearance.

Presentation of a PLAN showing only those ACTIVITY-SPECIFICATIONS pertaining to engineers

Air Defense
Describes the air defense support for the scheme of maneuver. 

Presentation of a PLAN showing only those ACTIVITY-SPECIFICATIONS pertaining to air defense

Task to manoeuvre units

Clearly state the missions or tasks for each manoeuvre unit that reports directly to the headquarters issuing the order. List units in the same sequence as in the task organization. 

Tasks to combat support unit

Attribute
Meaning
Example
Plan Ontology Mapping

Intelligence
Instructions to intelligence units

Presentation of a PLAN showing only those ACTIVITY-SPECIFICATIONS pertaining to intelligence

Engineer
Instruction to engineer units

Presentation of a PLAN showing only those ACTIVITY-SPECIFICATIONS pertaining to Engineer

Fire Support
Include Air support, field artillery, navel gunfire and fire support coordinating measures

Presentation of a PLAN showing only those ACTIVITY-SPECIFICATIONS pertaining to fire support

Air Defense
Organization for combat, missions, priorities for protection

Presentation of a PLAN showing only those ACTIVITY-SPECIFICATIONS pertaining to air defense

Signal
Communications plan

Presentation of a PLAN showing only those ACTIVITY-SPECIFICATIONS pertaining to signal

NBC
How NBC support will be given

Presentation of a PLAN showing only those ACTIVITY-SPECIFICATIONS pertaining to NBC

Provost Marshall
Military Police

Presentation of a PLAN showing only those ACTIVITY-SPECIFICATIONS pertaining to Provost Marshall

PSYOP


Presentation of a PLAN showing only those ACTIVITY-SPECIFICATIONS pertaining to PSYOPS

Civil Military Operations


Presentation of a PLAN showing only those ACTIVITY-SPECIFICATIONS pertaining to civil military operations

Coordinating instructions

Attribute
Meaning
Example
Plan Ontology Mapping

Time or condition when a plan or an order becomes effective


ACTIVITY CONSTRAINTS that must be satisfied before execution of a plan can commence. 

Commanders critical information requirements
Priority Intelligence Requirements, Essential elements of friendly force information, friendly force information requirements

Outstanding issues in a plan relating to the gathering of information. These may be issues to find out facts about the WORLD-STATE.

Risk reduction control measures
Mission specific guidance on troop safety, vehicle recognition signals, and fratricide prevention measures.

A component of a plan that has been added for the OBJECTIVE of reducing risk.

Rules of Engagement


Other ACTIVITY CONSTRAINT

Environmental considerations


Other ACTIVITY CONSTRAINT

Force Projection




2.3.3 Service Support

Attribute
Meaning
Example
Plan Ontology Mapping

Overall concept


Presentation of a plan showing only service support element.

Material and services


Presentation of a PLAN showing how materials and services will be provided

Medical evacuation and hospitalization


Presentation of a PLAN showing how casualty events will be handled

Personal support




2.3.4 Command and Signal

Attribute
Meaning
Example
Plan Ontology Mapping

Command
Identify the chain of command and the location of command posts



Signal
List signal instruction not specified in SOPs



2.4 Issues Remaining

The initial scoping document for the PDA component of SUO states two primary capabilities that are being sought. Issues relating to each are identified below.

2.4.1 Plan Functionality

“The ability to ‘understand’ and interpret mission requirements of a human-in-the-loop generated plan received from higher headquarters, access relevant information from applicable databases, and automatically perform the steps of the decision-making process. The outcome will be a doctrinally correct, tactically sound course of action with selected supporting annexes."

To adress this objective, we need to determine the precise content of the OPORD that the PDA system will receive from the higher headquarters. We then need to determine the precise content of the OPORD that the PDA system must output. This information will "bound" the application. We will then be able to concentrate on identifying the doctrine and tactics that are currently used in this refinement. 

2.4.2 Battlespace  Monitoring

"The capability to monitor events as they are reported in the battlespace. The PDA will ‘infer’ the progress of events relative to a plan developed under the provisions of the previous paragraph, provide updated reporting to a military user, and provide a warning to the user when battlespace events are such that the plan is no longer viable"

To adress this objective, we need to determine the process of reporting progress of the execution of plans currently used by the US Army. We then need to determine the repair process. The assumption is that units have an authority to repair their plans to a given level before issues have to be reported to a higher headquarters and that the decision-making process is repeated. 

2.5 Knowledge Acquisition Plan for Phase 2

In overview, the knowledge acquisition in phase 2 should concentrate on the inter-echelon process followed in the production and repair of plans. This will give us a model of the planning application we are to build and enable us to focus the knowledge acquisition on the doctrine and tactics relevant to that application. It will also enable us to determine the scope of localised plan repair on the process of requesting global repairs from higher echelons.

3.0 Initial Domain Modelling

3.1 Aim

The aim of this work was to capture an initial model of the domain, expressed in a planner-neutral formalism. We have used a variety of sources of information and the knowledge acquisition has been based on a number of different methods. The initial model we have created consists of six main parts: fundamental entities in the SUO domain, groupings of entities to create compound entities, relationships between entities, basic level activities, groupings of activities to create compound activities (procedures or processes), and constraints on activities.

The initial aim of this work was to extract planning templates from existing military sources, e.g. CALL bulletins
. This is the compound activities part of the model. In order to capture these planning templates, we also needed to identify the entities present in the domain and the fundamental activities of which compound activities are composed.

3.2 Approach

We have used a fairly wide variety of sources for our initial modelling analysis, and a collection of different knowledge acquisition and modelling methods. The approach taken has been to try to build the model bottom-up - that is, to identify the fundamental entities, then groupings of entities, then the basic level activities and finally the compound activities. Since the OPORD analysis shown in the previous section uses a top-down approach, the two are complementary.

The sources on the SUO domain consulted to date are as follows:

· US Army FM 101-5 - the Military Decision Making Process (MDMP)

· US Army MDMP Training CD based on FM 101-5, Version 1.1, 1 May 1998

· US Army Brigade Battle Captain Training CD, Vol 1.0, 15 April 1998

· Small Unit Night Fighter's Handbook, No. 96-3, Centre for Army Lessons Learned, March 1996, http://call.army.mil

· Combat Leader's Field Guide by CSM J.J. Gallagher (11th edition), Stackpole Books, Mechanicsburg, PA, 1994

· The Sextant VPT plan visualisation tool

· knowledge bases built for the DARPA High Performance Knowledge Bases

· (HPKB) Course of Action analysis task

· Microsoft Close Combat III Game

· Powerpoint slides on the McKenna MOUT site at Fort Benning

· Operation San Roberto MAPEX scenarios (the MOUT scenario)

· MODSAF requirements (source of possible verbs)

FM 101-5 and the two training CDs were studied as preparation for the project kick-off meeting with Ken Sharpe and John Allen at AIAI in December 1998. The CDs gave a good overview of the planning activities which take place in the MDMP and were a useful source of terminology, which we mined to form a table of acronyms.

Sextant VPT was used in Army Experiments as part of the Fort Benning MOUT ACTD. Since this is one of the proposed scenarios for the SUO PDA work, it already has a very relevant entity model and this can form a convincing and realistic basis for our own further modelling. Hence, we have used this as the starting point of our entity model, using other sources as appropriate.

The Night Fighter's Handbook and the Combat Leader's Field Guide contain a number of drills for Small Unit Operations and we have used these as the main source of information for the capture of the activity model.  The MODSAF requirements have also provided us with a list of possible activities, as has the HPKB COA analysis work.

The methods we used for knowledge acquisition are based on:

· IBM's Business Systems Development Method (BSDM): described in two reports from IBM UK Ltd, titled "Business Mapping Part 1: Entities" and "Business Mapping Part 2: Processes", May 1992

· IDEF3 process modelling: described in the report "Information Integration for Concurrent Engineering (IICE): IDEF3 Process Description Capture Method Report" by R. Mayer et al, Technical  Report AL-TR-1992-0057, Armstrong Laboratory, Wright-Patterson Air  Force Base, Ohio, May 1992.

· the TF method: described in the paper "TF Method: An Initial  framework  for Modelling and Analysing Planning Domains" by Austin Tate, Steve  Polyak and Peter Jarvis, Workshop on Knowledge Engineering and  Acquisition, AIPS-98, Pittsburgh, PA, USA, AAAI Press, 1998.

BSDM is concerned with business process modelling, but the first part of the method is concerned with identifying the fundamental entities present in the domain, which can be applied to finding the fundamental entities in any complex domain. The BSDM checklist provided for finding the fundamental entities is shown below (a checklist is also provided for finding the business processes):

Entity Checklist

Business

· Does the business need to manage it?

· Is it a view? What is the business thing itself?

· Is it the right level - type or actual?

· Is it a role - if so, where is the actor?

  
Name

· Does the entity have a singular, definite name?

· Is the name a noun or a noun phrase, rather than a verb?

· For dependent entities are there two nouns? Does the name convey the business reason for the link?

· Is the name concise, appropriate, unique, and consistent?

· Does the name imply a restricted population?

  
Definition
· Is the definition complete within itself and does it only refer to other entities for clarity?

· Do the "includes" and "excludes" match the definition?

· Can you give at least two examples of the occurrence of the entity?

· Do they match the definition?

· Can you distinguish occurrences? Avoid answers that are based on a difference of "keys" rather than one of meaning.

· Can you give example attributes (non-identifying ones)?

  
Generalization

· Is it a candidate for generalization?

· Do you have several entities which represent the same thing at different stages of its life?

· Has it been over-generalized?

 Dependent entities

    - Will every occurrence of the entity be related to one, and only one,

      occurrence of each of its parent entities?

Process diagrams based on IDEF3 have been used to capture the compound activities - these diagrams show how a compound activity is broken down 

into a number of lower-level steps. The diagrams show how the actions are shared amongst the actors, which actions come before which, choice points in the process, etc.

3.3 Domain Model

3.3.1 Fundamental Entities

The following types of fundamental object exist in this domain: humans, equipment, vehicles, obstacles, rooms and locations. We distinguish between

locations and physical objects, and also between movable objects and static objects. The class hierarchy for fundamental entities is as follows:

  fundamental_entity

    physical_object

      movable_object

        human

          soldier

            friendly_force_soldier

            OPFOR_soldier

          non-combatant/civilian

        equipment

          radio/computer

          weapon

            mortar

            grenade

            TOW

            M-16A1

            M-16A2

            M-4

            M-14

          scope

            AN/PVS-4

            AN/PVS-7B

            AN/TVS-5

            AN/PAQ-3

        vehicle

          aircraft

          helicopter

          bus

          taxi

          transport

      static_object

        obstacle

          concertina_wire

          anti-tank_ditch

        room

    non-physical-object

      location

        target

        hotspot

        waypoint

        intelligence_sighting
Humans: friendly force soldiers, OPFOR soldiers and non-combatants (civilians). All humans have a name (or other identifier) and a status (health or otherwise). In addition, the soldiers have a personal weapon assigned.

  class human parent movable_object

    name: <string>

    status: healthy | winded | wounded | etc.

  class soldier parent human

    weapon: <weapon>

  class friendly_force_soldier parent soldier

  class OPFOR_soldier parent soldier

  class non-combatant/civilian parent human

Equipment: there are various types of radio/computer, ranging from small hand-held devices to large servers to connect back to base. Weapons may

have a scope attached.

  class equipment parent movable_object

    assigned?: yes | no

  class radio/computer parent equipment

    hand-held: yes | no

  class weapon parent equipment

    range: <distance>

    scope: none | <scope>

    ammunition_provided: <integer>

  class mortar parent weapon

  class TOW parent weapon

  class M-16A1 parent weapon

  class M-16A2 parent weapon

  class M-4 parent weapon

  class M-14 parent weapon

  class scope parent equipment

    fits_weapons: [<weapon>*]

  class AN/PVS-4 parent scope

  class AN/PVS-7B parent scope

  class AN/TVS-5 parent scope

  class AN/PAQ-3 parent scope

Vehicle: these are taken directly from the Sextant VPT tool.

  class vehicle parent movable_object

    fuel_type: gasoline | diesel | etc.

    fuel_status: full | etc.

  class aircraft parent vehicle

    range: <distance>

    payload: water | etc.

    capacity: <volume>

    payload_source: <location>

    status: active | etc.

  class helicopter parent vehicle

    range: <distance>

    payload: water | etc.

    capacity: <volume>

    payload_source: <location>

    status: active | etc.

  class bus parent vehicle

  class taxi parent vehicle

  class transport parent vehicle

Obstacles: all obstacles are defined as a set of (x,y) points, defining the start of the obstacle, the intermediate points, and the end of the obstacle. They have no other attributes.

  class obstacle parent static_object

    start_point: <point>

    intermediate_points: [<point>*]

    end_point: <point>

  class concertina_wire parent obstacle

  class anti-tank_ditch parent obstacle

Rooms: these are the fundamental locations which require occupation in

the MOUT scenario.

  class room parent static_object

    occupied?: yes | no

    safe_to_enter?: yes | no

    structure?: brick | stone | breeze-blocks | 

plasterboard | etc.

Locations: we can talk about specific points or areas on the map, or the

generalised location (e.g. of a town), or a partly unspecified location, 

such as "around the side of the building", which could be a waypoint in

a flank attack.

  class location parent fundamental_entity

    specific_location? yes | no

  class target parent location

    target_location: <point>

    target_description: <string>    

  class hotspot parent location

    hotspot_location: <point>

    hotspot_description: <string>

  class waypoint parent location

  class intelligence_sighting parent location

    size: <string>

    activity: <string>

    location: <point>

    uniform: <string>

    time: <string>

    equipment: <string>

    source: <string>

3.3.2 Groupings of Entities

Rooms can be grouped to form buildings and buildings to form towns. Soldiers can be grouped to form units. The class hierarchy for compound

entities is as follows:

  compound_entity

    building

      factory

      hospital

      house

      mall

      school

      store

      warehouse

    compound_unit

      friendly_compound_unit

        friendly_fire_team

        friendly_squad

        friendly_section

        friendly_platoon

        friendly_company

      OPFOR_compound_unit

        OPFOR_fire_team

        OPFOR_squad

        OPFOR_section

        OPFOR_platoon

        OPFOR_company

Since orders can be given to all friendly soldiers, whether individual or in a compound unit, we define a class called friendly_unit which is the conjunction of friendly_force_soldier and friendly_compound unit:

  friendly_unit

    friendly_force_soldier

    friendly_compound_unit

The buildings model is taken from Sextant VPT as applied to the Fort Benning McKenna Ranges MOUT site, augmented with rooms:

  class building parent compound_entity

    occupied? yes | no

    no_of_stories: <integer>

    roof_type: peak | flat

    roof_access?: yes | no

    structure: wood | brick | breeze-block | etc.

    finish: tarpaper | brick | paint | etc.

    services: [<service>*]

    rooms: [<room>+]

  class factory parent building

    main_product: <product>

    hazardous_waste?: yes | no

  class house parent building

  class mall parent building

  class school parent building

  class hospital parent building

    hazardous_waste?: yes | no

    helicopter_pad: yes | no

  class store parent building

    products: [<product>*]

  class warehouse parent building

    products: [<product>*]

Units are groupings of soldiers, of various approximate sizes. In the scheme

shown below, the sizes and membership of the units can change over time as

the plan progresses.

  class compound_unit parent compound_entity

    unit_type: rifle | rocket_artillery | signal | supply | transportation

  class friendly_compound_unit parent compound_unit

  class friendly_fire_team parent friendly_compound_unit

    team_leader: <friendly_force_soldier>

    members: [<friendly_force_soldier>+]

  class friendly_squad parent friendly_compound_unit

    squad_leader: <friendly_force_soldier>

    members: [<friendly_fire_team>+]

  class friendly_section parent friendly_compound_unit

    section_leader: <friendly_force_soldier>

    members: [<friendly_squad>+]

  class friendly_platoon parent friendly_compound_unit

    platoon_leader: <friendly_force_soldier>

    members: [<friendly_section>+]

  class friendly_company parent friendly_compound_unit

    company_leader: <friendly_force_soldier>

    members: [<friendly_platoon>+]

  class OPFOR_compound_unit parent compound_unit

  class OPFOR_fire_team parent OPFOR_compound_unit

    team_leader: <OPFOR_force_soldier>

    members: [<OPFOR_force_soldier>+]

  class OPFOR_squad parent OPFOR_compound_unit

    squad_leader: <OPFOR_force_soldier>

    members: [<OPFOR_fire_team>+]

  class OPFOR_section parent OPFOR_compound_unit

    section_leader: <OPFOR_force_soldier>

    members: [<OPFOR_squad>+]

  class OPFOR_platoon parent OPFOR_compound_unit

    platoon_leader: <OPFOR_force_soldier>

    members: [<OPFOR_section>+]

  class OPFOR_company parent OPFOR_compound_unit

    company_leader: <OPFOR_force_soldier>

    members: [<OPFOR_platoon>+]

3.3.3 Relationships between Entities

The relationships between entities are mostly used to express spatial and other information in a symbolic way. This section gives some examples of these

relationships.

Rooms: 

  
directly_connected(<room>,<room>): the two rooms

have a direct connection

  
direct_fire(<room>,<room>): there is a direct line

of fire between the two rooms  

  
indirect_fire(<room>,<room>): there is an indirect
line of fire, such as through floors/ceilings

Locations:

  
at(<physical_object>,<location>): the object is at 

the location

  
near(<physical_object>,<location>): the object is 

near the location

  
between(<physical_object>,<location>,<location>): 

the object is between the two locations

Note that an entity can be an location, so "between" and "near" can be used 

to say things about other (possibly unspecified) locations.

3.3.4 Basic Level Activities

This section shows examples of the basic level activities in this domain.

  basic_activity

    move

      move_by_vehicle

      move_by_foot

        move_fast

        move_normal

        move_stealthy

    shoot

      shoot_at_specific_target

    throw

    dig-in

    defend

    replan

    take_cover

    stay_quiet

  move_by_vehicle(<unit>,<vehicle>,<location>): the unit

                moves to the location using the vehicle

  
move_by_foot(<unit>,<location>): the unit moves to 

the location by foot

   
move_fast: the unit runs to the location, breaking 

its cover

   
move_normal: the unit walks to the location

   
move_stealthy: the unit moves slowly and maintains

maximum cover

  
shoot(<unit>,<entity>): the unit shoots at the 

entity, which can be a location, OPFOR_unit or 

vehicle

  
shoot_at_specific_target(<unit>,<target>): unit 

shoots at named target

  
throw(<unit>,<grenade>,<room>): the unit throws a 

grenade into the room

dig-in(<unit>): the unit digs-in in its current location

  
defend(<unit>): the unit, in a dug-in position 

defends against attackers

  
replan(<unit>): the unit stops and reconsiders its 

options

  
take-cover(<unit>): the unit takes immediate cover

stay-quiet(<unit>): the unit stays quiet to avoid detection
3.3.5 Compound Activities or Processes

Compound activities or processes are collections of sub-activities, which themselves can be basic level or compound, to form a higher level action. A typical example is the procedure for entering a building and clearing a room, as given in the Combat Leader's Field Guide by CSM Gallagher (see below). Other examples of useful offensive defensive drills are given in this book. 

enter_building(<squad>,<building>)

Requires: a squad consisting of two fire teams. Fire team 1 initiates contact with the enemy, Fire Team 2 performs the initial entry.

Conditions: no civilians present in entry room of building.

Expansion:

  Step 1: Fire Team 1 establishes a base of fire to suppress the enemy.

  Step 2: The squad leader determines a point of entry and a route to

          be taken to get to get Fire Team 2 to the building.

  Step 3: Fire Team 1 directs its fires to positions adjacent to the entry

          point.

  Step 4: The squad leader and Fire Team 2 move to positions either side of

          the entry point.

  Step 5: The lead soldier of Fire Team 2 throws a grenade into the room

          being entered.

  Step 6: When the grenade has detonated, the next soldier of Fire Team 2

          enters the room and fires at possible enemy positions. This soldier

          positions himself to the left or right of the door and then shouts

          "Next man in!" (left or right). This continues until the whole Fire

          Team has entered.

  Step 7: The fire team leader now enters and begins to clear the room.

  Step 8: Once the room is cleared, the squad leader enters and marks the

          next entry point.

  Then:   Fire Team 2 repeat the procedure on the next room to be cleared.

          This room and all subsequent rooms are cleared by repeating the

          Procedure described above.


· Figure 7: Ordering of Steps in Process to Clear Building
Steps 1 and 2 occur in parallel. Once 2 is complete, 3 and 4 can start. Steps 4 to 8 are the main part of the procedure for clearing the room.

The KA plan for Phase 2 consists of finding more compound activities appropriate to the SUO domain and capturing them to a sufficient level

of detail for automated planning in the chosen demonstration scenarios.

3.3.6 Constraints on Activities

The example compound activity given in the previous section encodes a constraint that the entry room cannot contain civilians. The kinds of constraints which occur in the SUO domain are as follows:

· Terrain: when moving from one location to another, what is the terrain between the two points? Is there a route?

· Weather: is this action applicable in all weathers?

· Light level: is this action applicable for day and/or night operations?

· For individual soldiers performing actions:

· Equipment: how much equipment is being carried?

· Status: is the soldier healthy, winded, injured?

3.4 AI Planning Representation Issues

3.4.1 O-Plan TF Representation Issues

Planning in SUO domains raises a number of issues concerning how those domains are encoded in the Task Formalism (TF) language which is used to provide a domain and task description to O-Plan.  It should be possible to translate the relevant parts of orders into TF and then produce plans that can be incorporated in further orders.  We must also be able to represent the information needed during the process of developing plans, and the plans should contain information that facilitates problem detection and plan repair.  For example, O-Plan records the “goal structure” or purposes behind steps of the plan, which can be used to determine which actions are affected by a problem that arises during execution.

To develop an initial list of issues, we encoded the concept of operations for Operation San Roberto (described in an earlier section of this report) as a TF task, and we encoded some of the drills in the Combat Leader’s Field Guide, such as the “Enter Building and Clear Room Drill”  [Field Guide, pp. 55-58].  A number of technical experiments were also performed, to test various ways of representing SUO-related constructs in TF.

What follows is a preliminary list of issues.

· Probably the most difficult aspect of the domain for TF encoding is that it may be necessary to work with sets of entities (such as the squads in a platoon, or the soldiers in a squad), including dynamic aggregations (such as when part way through a plan one platoon is joined to part of another for a common task).  This may require new technology, possibly a new constraint manager.  It may also be necessary to handle collections with unknown contents.  For instance, it may be necessary to specify actions for “soldiers not receiving fires” even though it cannot be known at planning time which soldiers they will turn out to be.

· A significant feature of the SUO domain is the use of plans containing branches and sequels.  Such plans cannot be handled directly by O-Plan but it should be possible to manage them as a collection of plans.  We will need to add to TF a way to identify an action as a decision point.  When the planner considers a decision point, it can construct a plan for each branch.  Since the plans will be the same up to that point, the resulting multi-plan structure is in effect a tree.

· Many aspects of the domain can be handled by hierarchically decomposing actions into subactions.  However, the planner is not able to handle loops (for instance, an action that must be repeated until some condition is satisfied) unless they can be “unrolled” into separate actions as the plan is being constructed, or else treated abstractly as a single action.  Fortunately, such loops have not so far appeared to be significant features of the domain.

· It will be necessary to represent a relatively large number of object types and attributes.  Although this can be done using the current pattern database (O-Base), a more compact, object-oriented representation might be more efficient and easier to use (see SIPE/Act Encoding Issues).  Further issues arise if many object types have attributes that may change as a result of external events or actions in the plan.

· It is likely that we will be able to represent most of the time and sequencing constraints that will occur.  However, it is awkward to represent times relative to H-hour.  We may wish to add an ability to have global names for time points.  One such point could then be designated “H”.  It may also be useful to have “soft” time constraints to represent expected times and durations.

· There’s a great need for spatial and terrain reasoning that would have to be supplied by an external system.  The planner will have to determine such things as fields of fire, feasible routes, the time required to traverse a route, obstacle locations, and the contents of areas (e.g. the southern half of San Roberto).  Some work will be required to determine how to represent in TF the questions that spatial and terrain reasoning systems would be expected to answer.  O-Plan’s constraint manager interface and “compute condition” mecahnisms should provide facilities for initial experimentation.

· We may have to distinguish between knowledge and facts.  For instance, if a squad discovers an enemy in an unexpected place, knowledge of the enemy presence starts at that point in time, but the enemy’s presence in that location began earlier.

· We may need to represent OPFOR plans, movements, and intentions.

3.4.2 SIPE-2/ACT Representation Issues

In Phase 1 of the SUO-PDA work, we have not given specific consideration to encoding issues for the SUO domain, processes and tasks in SRI’s SIPE Planner. Howerver, it is anticipated that SIPE may be better suited to parts of the model described here, because of its more robust method for handling of object hierarchies and values of attributes of objects.

3.5 Issues Remaining

The representation of locations and spatial information given in the model  assumes that it is sufficient for the planner to create a symbolic plan, which may be further refined by a specialised spatial reasoning system.

For example, in order to create a flank attack, the planner will know the start point and the end point for the unit performing the attack, but the intermediate way-points will be only partially constrained. It is up to the spatial reasoner to place these points on the map and also to introduce further way-points if it is found, for example, that the route goes through an area which is covered by enemy fire.

Related to this are actions which require a unit to identify an object and then do something with that object. For example, a squad leader may need to identify a point of entry to a building and then direct his squad to enter through that point. This means that the planner itself may not know where the team are to enter, unless it can be authorised to designate the entry point itself.

3.6 Knowledge Acquistion Plan for Phase 2

Since SUO is a large and complex domain, the initial model captured lacks breadth of coverage, especially in the area of compound actions. The main KA task in the next three months will be to capture a useful library of these actions, using existing doctrine. These will be focussed on supporting the target scenarios.

The Small Unit Night Fighter's Handbook is a specialisation of another document, ARTEP 7-8, MTP DRILL, which gives dismounted battle drills

for Small Units. We need to obtain this document and analyse it.

The battle drills captured so far have all been for the offensive MOUT scenario. We need to capture some defensive drills as well. We must also 

verify our models with the Subject Matter Experts (SMEs). It is anticipated that one or two meetings with SMEs will take place during Phase 2 (April to June 1999) and these will need to be set up with support through Ken Sharpe on behalf of the SUO Program.

4.0 Outline of SUO-PDA System

4.1 Overall Architecture

During discussions between AIAI and SRI International on the feasibility of using AI planning concepts, techniques and systems to address the nominated scenarios for US Army Small Unit Operations, an initial conceptual approach was sketched.  This involves providing support to two levels (echelons) of planning and execution which can be considered to be in the middle of other levels in the hierarchy.  The particular focus is likely to be on planning, execution and plan repair support at the Company, Platoon and Squad/Team level as that is the level at which the SUO program is focussed.  This also complements other work on applying planning systems a higher echelons such as in the ARPI and HPKB Programs.

The aim is to demonstrate an approach to domain modelling and information capture which is scaleable and could address the need to maintain the domain knowledge of standard operating procedures (SOP), tactics techniques and procedures (TTP), etc., in a machine manipulable format sharable between humans and systems.  This is shown in the figure below. The resulting domain models and activity/process descriptions will be able to be used by planning and execution suport systems at an appropriate level/echelon.


· Figure 8: SUO-PDA Architecture Part 1
A planning and execution system at one echelon (labelled “Echelon N” – say at Company Level) would take as input an OPORD (or later related FRAGOs) to give its requirements or task description and constraints.  This system would make use of the process and information in the domain model repository to refine these plans, to consider options for performing the required task, etc.  In doing this it would interface to any of a number of planning-related modules relevant to the specific issues being considered at this level of planning and execution support.  It would pass on guidance, plans and constraints to units at lower echelons as required.  It would also provide required reporting to upper echelons, in particular to indicate task completion, or to seek variances required, etc.  In response to reports coming back from lower echelons it would respond by modifying plans as needed, or by reporting issues that needed to be dealt with by higher echelons.


· Figure 9: SUO-PDA Architecture Part 2

The planning and execution system at the next level (labelled “Echelon N+1” – say at Platoon or Squad/Team level) would perform similar functions but would deal with a different level of model of the domain, and involve different, more detailed, planning-related modules.

4.2 Technical Preparation for Project

During phase one, a number of steps were taken to prepare for later phases of the project.  Accounting for the likely need to incorporate plan execution monitoring and plan repair technologies into the demonstration, the O-Plan modules which provide these functions have been reactivated.  These aspects of the O-Plan system have not been used in recent web-based demonstrations of O-Plan working in Air Campaign Planning, though they were part of the system for earlier work on support to Crisis Action Planning including Non-combatant Evacuation Operations.  Initial work has been performed to develop techniques to present plan repair options to a user via the web style interfaces used in our demonstrations. The next sections report on these preparatory steps.
4.3 Plan Execution and Repair Technology

The SUO-PDA demonstration system is likely to use plan execution and repair technology that was part of earlier versions of O-Plan and that has been reactivated and made part of the current system [Drabble et. al., 1997]. The demonstration is also likely to use our existing Web-browser based interface to O-Plan running as an HTTP server, processing HTML forms, and returning HTML pages that describe the current state of the planning process and any plans obtained so far [Tate et. al, 1998].

Our model for plan execution and repair involves three software agents: a task-assignment agent, a planner, and an execution monitor. Human users can play several roles in the process by interacting with the software agents at appropriate points.

The Task-Assigner sets up the problem for the Planner.  In SUO applications, the problem would be a translation of an OPORD into the O-Plan Task Formalism (TF) language.  The Planner can then be instructed to develop one or more plans (or courses of action). When a plan is placed into execution, the Execution Monitor tracks the progress being made in following the plan and detects problems that prevent all or part of the plan from being followed further.  In some systems, the Execution Monitor is able to suggest small, local plan repairs on its own. That will not be done in this demonstration system, although have developed systems of that sort in the Reactive Execution Agent implemented in the O-Plan architecture [Reece and Tate, 1994]. Instead, the problem will be reported back to the Planner where, working together with human users, alternative plan-repair "patches" can be considered.  This was a technique we first used in OPTIMUM-AIV, based on the O-Plan design, which is a successfully deployed system in regular use for Assembly, Integration and Verification of spacecraft in Ariane IV rocket launches for the European Space Agency [Aarup et. al., 1994; Tate, 1996].

4.4 Issues in Plan Repair

The O-Plan plan-repair technology is able to correct a range of problems that can occur, but it has some limitations that may be significant in SUO applications.  At present, O-Plan attempts to preserve almost all of the current plan.  In some cases, a more general replanning would be preferable.  This could be supplied as an additional option with only minor additions

to the O-Plan system.  When replanning in this way, it would be useful to be able to give the planner advice on what the plan should contain.  That would allow the system to try to selectively preserve parts of the current plan without forcing it to retain sections of the plan that were no longer appropriate.  There has been work on advisable planers in ARPI, in particular the work of Karen Myers at SRI International [Myers, 1996].

Another limitation of the current O-Plan system is that certain plan changes that may seem rather minor can actually be major changes from O-Plan's point of view.  An example might be changing which actor performed a range of actions.  In some cases, this might be just a matter of rebinding a variable; in others, it would require removing the affected actions from the plan and then replanning, perhaps with advice.  Plan repairs of this sort would require more extensive changes to the O-Plan plan-repair technology, and work in this area would have a significant research component.

Then there are issues related to authority to plan or act.  For instance, some problems in carrying out a plan must be referred to a higher echelon, such as when a platoon leader needs to report a situation to his commander.  That could be a case where the platoon leader did not have the authority to make certain repair decisions about the plan.  The planning system therefore would need to have some knowledge of what authority has been granted to each user, and an ability to detect cases that must be referred up the chain of command.  Note that repairs that are too extensive to be decided at one level may nonetheless be made at higher levels.  The system should therefore be capable of handling such repairs.

Finally, there is the problem of coordinating plan repair when several levels are involved.  For instance, when a platoon leader reports a problem to the company commander, and the plan is repaired at the company level, that may then require changes in the platoon's own plan.  Further research in this area may be required.

4.5 Further Development of O-Plan Technology

The ongoing project of improving O-Plan's technology and conducting planning-related research have continued, and that work can benefit SUO applications.

One effort has been to look for "hot spots" -- areas of high friction -- when O-Plan is applied to larger plans.  One set of experiments was based on simple 5,000- and 10,000-node plans and was designed to reveal inefficiencies in O-Plan's basic data structures.  This resulted in relatively minor changes to the representation of nodes (actions in the plan) and time points, and to agenda-management, resulting in a factor of 16 decrease in the time required to construct a simple 5,000-node plan.

Another "hot spot" was the creation of plan-state variables (which represent entities in the plan) with larger domains, for instance a variable that might take any of 1000 different values.  O-Plan delays the choice of value until as many constraints on the value as possible are available.  We would not want to have to try 1000 different values in a plan.  However, if the mere creation of the data structures that represent the variable took a significant amount of time, that would still be a problem worth fixing; and a relatively simple change was able to do the job.

Other experiments concerned the handling of "condition types" in O-Plan.  [Tate et. al., 1994]. This is an area of research that is relevant to the design of future planning systems such as those envisaged for our I-X technology project [Tate, 1999], but it can also benefit current systems.  A related research area is the design of interfaces to "plug-in" constraint manages, one of the principal was in which external systems, such as spatial or terrain reasoners, could be accessed from O-Plan.  Dr. Eva Onaindia (a visitor to the O-Plan project from February to June 1999 from the University of Valencia in Spain) is studying this area with us.

We have also continued the development of our Web-browser interface to O-Plan, using object-oriented techniques to make it easier to develop new demonstrations (e.g. for SUO applications), and incorporating for the first time elements of plan execution and repair.  We have also begin to design Java-based panels that would handle user interaction during plan execution and repair.

The browser interface is part of a general effort to make planning technology more usable, portable, and robust.  Towards this end, we have increased the portability of the O-Plan source code and are working to make O-Plan available under Linux.

5.0 SUO Planning-related Modules Study

5.1 Aim

As part of our familiarization work in the SUO domain we have performed an initial study of existing planning-related modules to which an SUO Planning & Decision Aids system could usefully interface.  Our interests at this stage are two fold:

a) to look at the potential picture for a full system delivered in the year 2002 (the end of the SUO Program) into the SUS SAS, and to understand the various planning and execution support data bases and systems that ought to be a part of the "big picture" for SUO Planning and Decision Aids; and

b) to examine which of those systems are available, supported and realistically could be incorporated in our own demonstration of an SUO PDA during 1999.

5.2 Approach

A list of potential planning-related modules was provided by Mr. Ken Sharpe at an initial briefing to AIAI on SUO during December 1998.  This was augmented by other suggestions for suitable modules by others.  It was understood from the outset that information on the modules might be difficult to obtain.  It was also recognised that the modules might not have appropriate interfaces or shared representations to allow for its integration with other systems in a time scale suited to the demonstration needs of this project.  However, it was felt that an initial survey of each module would be useful to seek to relate it to the work to be performed.

Publicly accessible web resources were used where available to get an introduction to the modules, but the study mostly relied on establishing a suitable contact in the organisation which produced the module.

The study was conducted from January through to March of 1999.  As anticipated it proved very difficult to obtain suitable contacts that could help us make a start to examine each system.  However, it did turn out that one or two of the modules had teams backing them who were keen to collaborate. In some cases the tools were already in use on the Fort Benning MOUT scenario.

The table below summarises each module and gives a number of aspects that we considered.  The details of the studies which led to productive results will follow (marked “Y” in the “More Detailed Report” column).  The “Suitability Rating” gives a subjective numeric measure of how much information is available and the apparent potential for incorporating this module into a demonstration within the time scale of the current project.


Nominated by
Contact Available
System Available
Platforms
Open API/Interfacing
AI System Links
Interest Shown
MOUT Scenario
Pass protect Scenario
More Detailed Report
Suitability Rating

Object Raku Sextant VPT

Plan Visualization
MM
Y
Y
PC
Y
Y
Y
Y
N
Y
9

STRICOM ModSAF

Simulation, COA Analysis
KS
N
Y
Unix
Y
Y

Y
N
Y
3

Lockheed Martin ADST II

Terrain Reasoner 
KS
Y




N



1

Sterling ASAS/Rasputin

Blue/Red Force Laydown
KS
Y




N



1

Mitre

Fire Control Support
KS
N








0

Sterling Software

Sensor Laydown
KS
Y




N



1

Sterling Software Intell. Preparation of Battlefield
KS
Y




N



1

?

CSS Movement Planner
KS
N








0

?

Air Movement Planner
KS
N








0

DARPA HPKB Program

Plan Sketch Tool
AT
Y
Y
PC, Mac, Unix
Y
Y
Y
N
N
Y
7

The person nominating each package as a potentially relevant planning-related module is shown by their initials as follows:

MM
- Dr. Mark McHenry (DARPA SUO Program Manager)

KS
- Mr. Ken Sharpe (SAIC and SUO Program Support)

AT
- Prof. Austin Tate (Principal Investigator)

The modules for which significant information was available are described in the following subsections.

5.3 Sextant VPT - Visualisation and Planning Tool
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5.3.1 Description

A mission plan creation/editing and visualisation tool, for use at the battalion level and below, for operations including those involving Military Operations in Urban Terrain (MOUT). Friendly and opposing forces can be shown. 2D and 3D views are available. 

5.3.2 History/Roots

The 2D planner/simulator was developed for the Canadian Armed Forces and has been under field test and refinement for 6 years. The 3D viewer is a COTS tool integrated recently. 

5.3.3 Role

SEXTANT/Virtual Planning Tool is meant to be used at battalion and below (but is not limited to those echelons).

SEXTANT/Virtual Planning Tool was developed to support the dismounted warrior’s planning and preparation for conflict & action in urban areas.  It provides the user a workable mission planning tool with a minimum of data available.  2D and 3D planning can begin with little more than a satellite photo if need be. The software can also harness the vast array of geospatial data available for use in the planning.  The tool provides the user with a virtual sandtable on which to plan the mission and then rehearse the mission as planned with both 2D and 3D visualization.

The system deals with information about simulated dynamic objects (such as units or vehicles).  The system keeps a location history for each object, so movement can be plotted on the map over time.  Static geo-referenced information such as fortifications and buildings can also be plotted.

The map display consists of a global grid to which the system refers to locate geo-referenced information on-screen, and a background map. The raster map backgrounds and vector map data refer to the grid to be displayed appropriately. This way, even if the system has no map data, other geo-referenced data can still be shown. The system can display geographic data based on any datum or ellipsoid, given appropriate transformations to align it with the grid. This flexibility allows the user to choose the most appropriate type of map (geographic) information for their application. Zoom, scroll and move options are available for the map display. 

Map icons provide direct access to the state of simulation objects through a point and click interface. Objects can also be accessed through conventional text-based browsers (opened from a menu on the object of interest). There is a connection between the text browser and the map icons, so selected icons on-screen are also selected in text lists, and vice versa. Each icon type has its own appropriate menu. Layers of similar icon types are managed by the system so the user can choose which types of icon to view. 

The system includes a force layout tool (for both enemy and friendly forces), and a weapons database. The forces can be arrayed on the map display as can the weapons. The mission plan is built up for each time phase of the planned battle, with appropriate annotations made to the map at each phase, and units moved to their planned locations. The time phases of the plan can be stepped through and viewed in 2D. The 3D visualization is a real walkthrough of the site (modelled prior to the engagement or a rudimentary one generated on the fly from objects placed in 2D). All 3D objects are real, so the user can enter buildings and look out windows. 

The system provides access to geographic data (ground height) so lines of sight can be determined and displayed both on screen and as path profiles. The height data is also used to determine weapons range fans. 

5.3.4 Capabilities for the Planning Process

Its capabilities with respect to planning, in Verb/Noun Phrase format are:

GENERATE 

· multiple scenarios can be developed and saved 

· Details in the Synchronization Matrix (units versus time phase with locations in the cells) can be used to automatically generate the friendly force laydown for each time phase. 

· User enters the appropriate sketches on the map. 

· A help wizard walks the user through the initial planning process (loading, orders, forces, weapons, saving) 

CONSTRAIN 

· weapons ranges 

· lines of sight 

· unit mobilities (available but not implemented) 

REFINE
· based on mission rehearsal, decide if the plan needs modifications use click and drag interface to easily change locations of items 

ANALYSE 

· terrain 

· observation and fields of fire 

· 2D line of sight path profile is generated from the elevation data 

· view in 3D is shown along the 2D line of sight 

· 2D weapons fan is generated based on elevation data (maximum is shown if no data) 

· can be marked on map 

· concealment and cover - can be checked using lines of sight and directly in 3D; can be marked on map 

· obstacles - can be marked on map 

· key terrain - high points can be determined from elevation data ; can be marked on map 

· avenues of approach - determined from background maps (digitized maps or satellite photos); can be marked on map 

· enemy courses of action - enemy units can be placed on map at known or suspected locations (fully movable with time) 

· manoeuvre speeds - estimated based on terrain analysis by user 

· weapon range - 2D weapons fan is generated based on elevation data (max shown if no data) 

· mobilities - estimated based on terrain analysis by user 

VISUALISE 

· recognize critical features and terrain 

· 2D 

· 3D 

· terrain association 

· planning the route 

· knowing where you are - you are here marker in 2D and 3D (interactive) 

· recognizing the objective - with decent site modelling (available within the tool), users will be familiar from the 3Dstaying on the route 

REHEARSE 

· 2D: Step through the TimePhase objects which each have a set of map, annotations (Overlay objects) and units at particular locations 

· 3D: Walk through the model of the site, go into buildings, look out windows. 

· As the 2D step through is carried out, view can be seen in 3D from selected unit 

5.3.5 Interconnectivity and Shared Models

The system represents a plan as a set of objects. Each object in the system may have a history of location and time information. 

Object Raku are interested in collaborative work to define an appropriate shard plan representation to allow for interfacing between planning systems and their visualization/rehearsal facilities in Sextant VPT. 

There is a knowledge base framework in the system. It has been used to create an Expert Analyst which, based on predefined rules, can determine various things about the situation (carries out situation assessment and tries to determine enemy intention) from the raw electronic warfare data coming from sensors. It is based on CLIPS. 

The system has the ability to track, in 2D, position data from attached sensors. The software is flexible and could deal with a relative coordinate positioning system. 

The 2D planning system allows display of planning data including red and blue forces, map backgrounds, imagery, weapons placements, various vector data, and is optimized for military operations in urban terrain. A networked mode is possible, as the precursor (electronic warfare system) transferred the situation assessment data between remote locations over combat net radio. All communications were minimal bandwidth (using combat net radio as the transmission medium). 

There is an associated 3D visualization tool (Superscape/Visiscape). The 3D scene is built on the fly with data from the 2D planning system. Once built (and during building) the scene can be walked through. A networked mode is available (optimized for use on the internet) so remote users can interact using the same scene. 

There is a mission rehearsal tool consisting of the 2D planning tool and its associated 3D visualization and walkthrough. The 2D planning tool has knowledge of time, so various phases of the mission can be set up for the times at which they occur. The mission can then be stepped through on the map. The mission can also be walked through in 3D. 

Integration with a planning agent could give users a real support tool that could recommend courses of action, as real-time position information was coming in. The collaborative nature of planning could be supported using the networked modes of operation. 

ArcView/Arcinfo compatibility is high on Object Raku's list of priorities. The adoption of OGDI (Open Geospatial Datastore Standard) is anticipated to support armed forces standards and some commercial systems interfacing. 

There are several options for interconnection between the AI planner and the Planning Tool. The planner needs to access the tool to getTerrain, getMapInfo, getSketchInfo, getEnemyInfo, getFriendlyInfo, getWeaponInfo and to setOverlay. This is a basic protocol, and no limit is implied (Notes from Janette Hooper, Object Raku Technologies, 24-Feb-99). 

The first and most accessible to both applications is a Web based interface. If the planner could generate the requests in an HTML form, SEXTANT/VPT could process the request and provide the response also in an HTML form. 

SEXTANT/VPT can also read and generate standard files for georeferenced information such as .shp files, through the OGDI standard. This would be an appropriate mechanism for the planner to pass an overlay for display by SEXTANT. 

A direct TCP/IP connection with our own agreed upon data format is a possibility (probably more work than the web-based interface) and the data format could be using standard formatted messages (such as USMTF) which SEXTANT can parse. 

It is possible to use an Object Request Broker (CORBA 2.0 compliant) as an ORB exists that is easily interfaced to SEXTANT and is available for both Windows NT and UNIX Solaris. 

5.3.6 Relevant Scenarios

Scenarios and data is available for the Fort Benning McKenna MOUT Site. 

5.3.7 Contacts

Object Raku Technologies,

5720 Sherwood Blvd.,

Delta, BC, Canada V4L 2L6 

Tel: 604-728-7258; Fax: 604-502-1053 

· Main and Business Contact: Mike Parlow, Object Raku Technologies, Inc. (parlow@objectraku.com) 

· Technical Contact: Trevor Hooper, Object Raku Technologies, Inc. (tbhoop@objectraku.com) 

· Director of Operations: Janette Hooper, Object Raku Technologies, Inc. (jhooper@sentry.npsnet.com) 

5.3.8 Machine, OS, and Software Requirements

Windows NT (or 95) 4.0 with Service Pack 3 or higher. 

Microsoft Office if orders and synchronization matrices are to be produced/viewed in Word and Excel. Other required software is bundled with the SEXTANT licence. 

The Object Linking and Embedding (OLE) standard will be used by employing ActiveX components for use by the application, rather than re-implementing functions. In particular, the company will integrate some of the MapObjects ActiveX controls (ArcView 3.1) into the Sextant/Virtual Planning Tool. The company will also integrate the Superscape 3D control Visiscape into SEXTANT for the 3D functionality, harnessing the power of a 3D gaming engine. 

Several Smalltalk API's will be used: Open Geospatial Datastore Interface (OGDI) for accessing data and the GeoSym and Common Warfighting symbology standards for symbol display. 

5.3.9 Implementation Languages

IBM VisualAge Smalltalk. 

Several DLL's in C and C++ (one for reading ADRG maps, one for reading CGM files) used by the Smalltalk code. 

ActiveX components. 

5.3.10 Availability

System is proprietary to Object Raku. 3D Visiscape viewer is proprietary to Superscape. 

Version 1 is currently available and includes all features in the current demo (using DDE rather than the embedded OLE for intercommunications between 2D and 3D aspects of the application). 

Version 2 available in May 1999 will transition to embedded OLE and full use of the construction by parts paradigm available with VisualAge Smalltalk. It will include a help wizard to walk the user through the planning process, integration of the orders and synchronization matrix to produce template plans, and more 2D to 3D interactivity for the mission rehearsal process. 

Version 3.0 available in December 1999 will use the Open Geospatial Datastore Interface for accessing data and the GeoSym and Common Warfighting symbology standards for symbol display. 

5.3.11 Web Resources

· http://www.objectraku.com
The Object Raku Technology home page. 

· http://www.superscape.com
Superscape/Visiscape Viewer 

5.3.12 Comments

Much of the information in this report was provided by through discussions between Austin Tate at AIAI and Mike Parlow, Janette Hooper and Trevor Hooper of Object Raku Technologies. A detailed message from Janette Hooper provides the core of several sections.

The work on SEXTANT/VPT is currently being supported by the Military Operations in Urban Terrain (MOUT) ACTD, Requirement 40 (Mission Planning and Rehearsal) through STRICOM Orlando and SSCOM. It will be included in Army Experiment 6 in May 1999 at Ft Benning GA. 

Army Experiment 4 (MOUT ACTD) at Fort Benning for Requirement no. 40 (mission planning and rehearsal) gave feedback on the use of Sextant VPT. This included suggestions of improved plan library use, plan creation wizard support, support to the planning and order dissemination process, etc. This would be a good fit between Object Raku's work and AI planning and intelligent Process management technologies. 

A future enhancement that the users wanted is the ability to add in model detail for interiors of buildings.  This is possible now, but automated support for 3D interior creation from AutoCad files is planned.

5.4 ModSAF – Modular Semi-automated Forces/Simulator
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5.4.1 Description

From the STRICOM ModSAF page 

(http://www.stricom.army.mil/PRODUCTS/MODSAF/)

ModSAF (Modular Semi-Automated Forces) is a set of software modules and applications used to construct Advanced Distributed Simulation (ADS) and Computer Generated Forces (CGF) applications. ModSAF modules and applications let a single operator create and control large numbers of entities that are used for realistic training, test, and evaluation on the virtual battlefield. ModSAF contains entities that are sufficiently realistic resulting in the user not being aware that the displayed vehicles are being manoeuvred by computers, rather than human crews. These entities, which include ground and air vehicles, dismounted infantry (DI), missiles, and dynamic structures, can interact with each other and with manned individual entity simulators to support training, combat development experiments, and test of evaluation studies. 

5.4.2 History/Roots

From the STOW ModSAF pages                                                       (http://www-leav.army.mil/nsc/stow/saf/modsaf/history.htm)

During the 1980's, the Defense Advanced Research Projects Agency (DARPA) developed virtual simulators for the M1 Abrams main battle tank and the M2 Bradley infantry fighting vehicle to provide a sophisticated crew training capability. These simulators, each the replica of a single vehicle crew compartment, were then integrated on a local area network as a simulation network (SIMNET) to permit collective command and control (C2) and manoeuvre training of small units (armour platoon, etc.). SIMNET facilities were established in CONUS, USAREUR, and Korea.

As SIMNET users gained experience they needed a more robust and dynamic threat. DARPA therefore developed a constructive simulation to provide that opposing force (OPFOR) for users of SIMNET. This simulation used a semi-automated force (SAF) which could be task organized and given orders to execute basic military missions (attack, defend, etc.). This SIMNET SAF was an improvement but too inflexible. The SAF had been written in "hard code" and each time a change or improvement was made to the software, the SAF required 100 percent recompilation which required downtime and consumed man-hours and money.

Today, due to work by individual agencies on the different versions of ModSAF fielded for testing or use, there are many different variations available. Most of these versions have been developed by individual agencies to respond to agency-unique requirements. Users make changes to a version of ModSAF, as required, and the software modules in one user's version no longer resembles similar modules in another agency's version. The baseline versions (1.0, 2.0, 3.0) of ModSAF exist under strict configuration control of STRICOM, the ModSAF material developer.

5.4.3 Role

A simulation system intended to support distributed interaction of participants in a shared environment in which some forces can be automatically generated.  It supports extensive visualisation and activity recording. It supports some measure of analysis of the events played out in the simulation.

5.4.4 Capabilities for the Planning Process

See STOW ModSAF Site Operational Requirements

(http://www-leav.army.mil/nsc/stow/saf/modsaf/oper.htm)

Its capabilities with respect to planning, in Verb/Noun Phrase format are:

GENERATE 

· Outcome of simulation as a function of terrain, event or time

· Line of Sight

· vehicle vulnerability

· probability of gunnery hits

· force strength

· intelligence

· logistics

· unit organisation

· fire support missions

· After Action Review support

· Data reduction using add-on COTS/GOTS Tools 

VISUALISE 

· via a range of presentations tools and interfaces

5.4.5 Interconnectivity and Shared Models

Not established.  Believed to be good. AI systems such as SOAR have been connected to ModSAF.

5.4.6 Relevant Scenarios

Fort Benning McKenna Ranges MOUT site is modelled in a version of ModSAF and is in use in a training facility at Fort Benning run by Lockheed Martin.

5.4.7 Contacts

Unknown.

5.4.8 Machine, OS, and Software Requirements

Various Unix systems including SGI, HP and Sun/Solaris.  Also runs on

PC's under Linux.

5.4.9 Implementation Languages

Probably primarily C. 

5.4.10 Availability

Via STRICOM. 

5.4.11 Web Resources

· http://www.stricom.army.mil/PRODUCTS/MODSAF/ The STRICOM ModSAF page</a>.  A one-paragraph description of ModSAF.

· http://www-leav.army.mil/nsc/stow/saf/modsaf/ The STOW ModSAF page</a>.  Contains links to the draft requirements document and a brief history of ModSAF.

· http://www.sagacitech.com/modsaffaq.html Sagacitech ModSAF FAQ.  Contains a guide to running ModSAF under Linux.

· http://www.onesaf.org/onesaf.html OneSAF Home Page 

· http://www.aiai.ed.ac.uk/~arpi/SUO/resources.html More links at the AIAI SUO resources page

5.4.12 Comments

Different versions are available, containing modified modules and other changes. Baseline versions are controlled by STRICOM.

ModSAF is a legacy system due to be replaced by OneSAF. 

5.5 HPKB Plan Sketch Tool

 

5.5.1 Description

A Plan Sketch Tool from the DARPA High Performance Knowledge Bases (HPKB) Program. This tool allows the user to sketch Division-level COAs. It is based on a commercial GIS tool, ArcView, and has been customised to provide the user with a palate of standard military symbols. The intended use of this tool is as an input device to a knowledge-based system. The information represented in the sketch is automatically translated into a knowledge representation language. Planners require similar descriptions of scenarios. 

5.5.2 History/Roots

The HPKB sketch tool has been under development since 1998. The knowledge representation format it produces is intended for use with the Cyc knowledge-based system, but will be translated for use by other participants in the HPKB program. 

5.5.3 Role

A front-end to a knowledge-based planning and reasoning system.

5.5.4 Capabilities for the Planning Process

Its capabilities with respect to planning in Verb/Noun Phrase format are: 

PROVIDE PLAN OBJECTIVES AND REQUIREMENTS comprising:  

· Units involved;

· unit echelon, specialisation and location;

· tasks assigned to any unit; and

· location change of any unit,

PROVIDE CONSTRAINTS on plans comprising: 

· geographical features, e.g. cities, rivers, mountains; and

· significant obstacles, e.g. minefields. 

5.5.5 Interconnectivity and Shared Models

Including if the module already has been interfaced to an AI system.

This tool is currently interfaced to Cyc, interfaces to at least two other AI systems are being developed. 

5.5.6 Relevant Scenarios

This tool has no known SUO scenario, but should be capable of reading a GIS survey of any site. 

5.5.7 Contacts

· Adam Pease, Teknowledge, (apease@teknowledge.com), is the appropriate coordinator for HPKB products. 

· John Li, Teknowledge, (jli@teknowledge.com), is the developer. 

· AIAI contact: Stuart Aitken (stuart@aiai.ed.ac.uk). 

5.5.8 Machine, OS, and software requirements

Needs ArcView GIS version 3.0a. Available on PC/Windows NT 4 (tested), Apple Macintosh MacOS (tested) and Unix (not tested)

5.5.9 Implementation Languages

ArcView 3.0a Script Language - Avenue.

Scripts are portable across all ArvView platforms (PC, Mac, Unix).

5.5.10 Availability

Potentially available for US government purposes as a product of a DARPA program. 

5.5.11 Web Resources

· HPKB (http://www.teknowledge.com/HPKB/). This site provides access to many HPKB products, including the files needed to customise ArcView into a COA sketch tool. Access to some products is limited. 

· ArcView (http://www.esri.com/) 

· Standard military symbols (http://www-symbology.itsi.disa.mil/symbol/) 

· Cyc (http://www.cyc.com/) 

5.5.12 Comments

This tool is not designed to display plans generated by another tool. This would only be possible if the plan were represented in the ArcView file format. The output of the sketch contains no temporal information about the sequence of events, that information is derived from the textual representation of the COA. 

John Li of Teknowledge notes:

· The sketch tool was designed for sketches of COA at several echelon levels, including division, brigade, regiment, battalion and company. It can be altered to work at even lower levels;

· The sketch tool was developed with the ArcView script language - Avenue.  The result is a very flexible system with a very small footprint, compared to other heavy-weighted systems such as ModSAF; and

· ArcView and other ESRI products (map and tools) can provide more GIS information and analysis if needed.  Information can be transmitted to and from ArcView to other systems through sockets or other telecom protocols.

5.6 Planning-related Modules for Which Little Information is Available

ADST II, Terrain Reasoner

Added by Ken Sharpe

Provider: Lockheed Martin, Orlando, 

Contact: Barbara Perry <bperry@lads.is.lmco.com>

ASAS/Rasputin, Blue and Red Force Laydown

Added by Ken Sharpe

Provider: Sterling Software

Contact: Gerry McIntyre <mcintyrg@email.msn.com>

Fire control support

Added by Ken Sharpe

Provider: Mitre

Contact: Unknown

ModSAF COA analysis

Added by Ken Sharpe

Provider: STRICOM

Contact: Unknown

Sensor Laydown

Added by Ken Sharpe

Provider: Sterling Software

Contact: Gerry McIntyre <mcintyrg@email.msn.com>

Air Movement Planner

Added by Ken Sharpe

Provider: Unknown

Contact: Unknown

CSS Movement Planner

Added by Ken Sharpe

Provider: Unknown

Contact: Unknown

Rasputin, Intelligence Preparation of the Battlefield (IPB)

Added by Ken Sharpe

Provider: Sterling

Contact: Gerry McIntyre <mcintyrg@email.msn.com>

Further relevant contacts:

File formats for data interchange between modules

Added by: Ken Sharpe

Provider: Lockheed Martin

Contact: Andy Ceranowicz, Lockheed Martin, Boston 617 441 2011

5.7 Issues

The initial study of planning-related modules identified as potentially relevant to the SUO PDA demonstrator or an eventual FY2002 SUO system was to be completed by 31-Mar-99.  A number of the modules are the responsibility of Sterling Software and Lockheed Martin. Changes of personnel in the teams involved made it difficult to establish a suitable contact. In practice, contacts for some of the modules took some time to establish and to offer help.  Two contacts are now available (Barbara Perry at Lockheed Martin, and Gerry McIntyre, previously at Sterling Software). Therefore, it is felt to be appropriate to extend the outline modules study into Phase 2. At the very least, this should provide information of use to the SUO community on the potential relevance and relationships of the various modules to an SUO Planning and Decision Aid in future.

5.8 Knowledge Acquisition Plan for Phase 2

The outline study of the remaining modules will be completed in parallel with the planned Phase 2 which will seek further details of and access to those modules which show most promise for integration into the SUO PDA  demonstration within the current project (i.e., by December 1999).  These are Sextant VPT, ModSAF and the HPKB Sketch Tool. Initial use of these modules will be attempted during Phase 2, in a mode that will  simulate interactions between the proposed modules and a planning system.

6.0 Summary

6.1 Results of Phase 1

Phase 1 of the project involved domain familiarisation, understanding the target scenarios, the creation of initial domain models for the SUO domain, and other preparatory work.

· The Edinburgh team is now well acquainted with Small Unit Operations and has undertaken a number of training courses, familiarisation reading and discussions which have helped them.  Where possible, the information gleaned has also been passed on to the SRI team to assist in the pre-contract preparation work.

· The MOUT scenario within SUO is well described and understood by the Edinburgh team. Information about the second proposed scenario for Pass Protection in Mixed terrain has less supporting material, and our understanding of it is still in outline only. In view of this, the initial efforts are being directed at the MOUT scenario, with the Pass protection scenario being used to ensure generality and adaptability of the approach.

· Initial domain models have been prepared.  These have used a range of official sources including US Army training courses, CALL Bulletins, operations and training manuals, and specially prepared materials for the DARPA SUO Program and other related US government research initiatives (such as the US Army Fort Benning MOUT ACTD). A top down approach was

· taken to understanding the content of typical SUO OPORDs and a bottom up multi-perspective modelling approach using a range of methods in combination was taken to creating the outline domain models.  The initial domain models that have resulted identify in a robust way the fundamental entities in the domain, which are likely to be long-lived and stable. Initial

· attributes or properties of these objects were also gathered where appropriate.  Initial activity or process models we also begun, but this part of the work will be further developed during Phase 2.

· A study of a number of identified planning-related modules was undertaken to establish which might offer opportunities for incorporation into the SUO PDA Demonstration within1999, or which might be suitable for incorporation in later SUO demonstrations.

6.2 Consolidated Knowledge Acquisition Plan for Phase 2

Phase 2 is the phase in which the main knowledge acquisition will be conducted. Interaction with domain experts will be required. The knowledge acquisition-related aims are:

· To define one or more plausible and realistic scenarios and related storyboards for planning support that could be offered via the SUO systems at Company Level and below.  From the initial feasibility phase, the main target for this work is SUO Scenario 3 associated with the Fort Benning MOUT site.  A secondary scenario will be used to ensure generality and this involved Pass Protection in Mixed Terrain. Expert guidance will be needed to assist in drawing up the scenario, or critiquing that suggested by the Edinburgh team.  Details of what is considered realistic and plausible can only come by verifying the proposals with military experts.

· To gather the domain descriptions, activity and process models, domain constraints and other data needed to support the demonstration.  The Edinburgh team proposed to use explicit knowledge engineering methods, and a tool in which the domain and process models can be captured and maintained.  It is a part of our research approach to show how this can be of

· benefit to applications of AI Planning Technology. The models created will be in a form that will allow outputs to a range of required formats, including those needed to provide inputs to the Edinburgh O-Plan system and the SRI  MPA/Cypress/SIPE-2 systems.

· To prepare for the integration of systems considered as suitable planning-related modules for incorporation with the SUO PDA Demonstrations.  This will require contacts in the organisations that can provide or support these modules, and possibly some tailoring of the modules to the required scenarios where this is not already done.  In general we expect to try to use planning-related modules which are already in a form where data about the specific scenarios is available or can easily be loaded and used.

It is anticipated that AIAI and SRI International will work together on these three aims in Phase 2 following the start of work at SRI that is expected during April 1999.

Our current belief is that two face-to-face meetings with an SUO military domain expert or a suitable military contractor who can act as a domain expert on our behalf will be needed.  The two meetings will have a number of preparatory steps which will be compled before the meetings take place to ensure productive use of the expert's time. The details are provided in the separate Knowledge Acquisition Plans in each section of this report.

6.3 Other Plans for Phase 2

As well as the three aims identified above, initial prototyping and proofs of concept for the demonstrations will be undertaken.  This will seek to ensure that the proposed scenario and storyboard is achievable with the ARPI planning systems available from AIAI and SRI, and will reduce the technical risk of the later phases by checking out matters which are uncertain.  This phase will also allow for a number of alternative ways to encode the SUO planning problem to the planners to be tried out and reported on.
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US Army and Related Materials

· FM-105 Staff Organization and Operation, US Army publication. No year or source.

· The Do-It-Yourself Warning and Operation Order Handbook, Rick Tscherne, Ricks Books, no year of publication.

· Combat Leader's field Guide (11th Edition) J. Gallagher, Stackpole, 1994, Books, USA.

· RB1R13 FTX-1 Platoon Operation Order (Ambush) 4, Feb 1998. OPORD acquired by Austin Tate at Fort Beaning, USA.

· RB1R13 FTX-1 Squad Warning Order (Ambush) 14, May 1998, Acquired by Austin Tate at Fort Benning, USA.
· US Army MDMP Training CD based on FM 101-5, Version 1.1, 1 May 1998

· US Army Brigade Battle Captain Training CD, Vol 1.0, 15 April 1998

· Small Unit Night Fighter's Handbook, No. 96-3, Centre for Army Lessons Learned, March 1996. http://call.army.mil

· Combat Leader's Field Guide by CSM J.J. Gallagher (11th edition), Stackpole Books, Mechanicsburg, PA, 1994

Modelling Methods Used

· IBM's Business Systems Development Method (BSDM): described in two reports from IBM UK Ltd, titled "Business Mapping Part 1: Entities" and "Business Mapping Part 2: Processes", May 1992.

· IDEF3 process modelling: described in the report "Information Integration for Concurrent Engineering (IICE): IDEF3 Process Description Capture Method Report" by R. Mayer et al, Technical  Report AL-TR-1992-0057, Armstrong Laboratory, Wright-Patterson Air  Force Base, Ohio, May 1992.

· TF method: described in the paper "TF Method: An Initial  framework  for Modelling and Analysing Planning Domains" by Austin Tate, Steve  Polyak and Peter Jarvis, Workshop on Knowledge Engineering and  Acquisition, AIPS-98, Pittsburgh, PA, USA, AAAI Press, 1998.
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� Operation Quick Strike itself will not be considered by the planning decision aids component of the program. 


� http://www.aiai.ed.ac.uk/~arpi/spar/


� http://call.army.mil
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