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Cognitive Support for Transportation Planners: A Collaborative Course of Action
Exploration Tool
Abstract

To planners at United States Transportation Command (USTRANSCOM), a course
of action (COA) is a transportation plan — a description of what vehicles, routes, and
ports should be used to move sets of cargo and passengers throughout the world. A
planner may be tasked with very quickly producing multiple COA options at any time in
response to either real or projected needs. The current procedure relies heavily on
planner experience and “back-of-the-envelope” computations to find feasible options for
quickly moving cargo and people in a resource-constrained environment.

This paper describes a rapid COA exploration tool, uniquely designed around the
cognitive workflow of experienced planners, to allow a planner to quickly and
effortlessly investigate multiple potential plans. Map-based tools allow the planner to
directly assess the usability of multiple ports, to evaluate the throughput over designated
route segments, and finally to analyze the throughput across an entire COA. We designed
this tool to seamlessly invoke calculations while planners naturally conduct COA
decision making activities in the tool. Modifiable calculation assumptions are made
explicit to the user at each step along the way, thus opening the entire COA exploration
process to shared awareness and collaboration between multiple planners, each an expert
in different areas.

Introduction

To planners at USTRANSCOM, a COA is a transportation plan — a description of
what vehicles, routes, and ports should be used to move sets of cargo and passengers
throughout the world. A planner may be tasked with very quickly producing multiple
COA options at any time in response to either real or projected needs. The current
procedure relies heavily on planner experience and back-of-the-envelope computations to
find feasible options for quickly moving cargo and people in a resource-constrained
environment.

Under the Cognitive Visualization, Alerting, and Optimization (CVAOQO) program,
managed by the 711th Human Performance Wing, Human Effectiveness Directorate
(711HPW/RHCV), we set out to understand the details of how planners go about solving
COA problems — what tools and algorithms they currently have, what difficulties they run
into, what level of detail needs to be taken into account in their COA solutions to ensure
that a proposed COA can be relied upon as workable. Our end goal was to develop a
prototype software tool aimed directly at this problem to: 1) enable the USTRANSCOM
planner to more quickly explore a larger number of potential COA’s; 2) to quickly
evaluate candidate COA’s individually; and, 3) to compare multiple COA’s on several
primary decision factors.

While there are no existing software tools to help the planners with this problem,
there are (at least) two tools which attack a related problem. Both the Joint Flow and
Analysis System for Transportation (JFAST) and the Model for Intertheater Deployment
by Air and Sea (MIDAS) are models designed to simulate strategic air and sea
movements. They are both very powerful tools in their own right, geared to modeling
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transportation problems orders of magnitude more complicated than the COA problems
of our planners. But as we discuss in this paper, neither is immediately useful to our
planners. Both require significant expertise to set up and run; neither, in their current
incarnations, offers the sort of exploratory capability we see as necessary to solve this
problem for our users.

Our solution here is to extend the work on “symbiotic planning” described in [Scott,
2009a] and [Scott, 2009b] in which we designed and prototyped a mechanism for a
human user to work closely with an automated scheduler to solve air mission replanning
problems. In this work we are designing and prototyping a mechanism for the
USTRANSCOM planner to work closely with another type of opaque automated
processing tool, in this case a transportation model. The current research is also related
to work described by Klein and his co-authors[2009] in which shortcuts are taken with
computational models in order to use them as inputs to tactical decision-making.

This paper describes the conceptualization, design, and implementation of the Rapid
Course of Action Analysis Tool (RCAAT). Section 1 discusses relevant background
domain knowledge about USTRANSCOM, its mission, and how planners do their work.
Section 2 contains an analysis of the COA problem, breaking it down into a series of five
separate cognitive tasks performed by planners, each of which requires support by the
RCAAT tool. Section 3 details the design of the RCAAT tool, with a discussion of how
each of the five cognitive tasks is supported by the design. Section 4 discusses the theory
and practice of how we modified an existing large-scale strategic transportation model to
serve as a computing engine for RCAAT. Finally, Section 5 summarizes this work and
discusses planned future work in this area.

1. Background Domain Knowledge

USTRANSCOM is the US military command charged with directing and executing
the overall transportation needs for deployment of troops and distribution of goods. This
is a highly complex endeavor, covering air, sea, and ground movements. To give a sense
of the size of the operation, in a typical week, USTRANSCOM conducts more than 1500
air missions, 10,000 ground shipments, and has 25 ships underway around the world.

Structurally, USTRANSCOM contains three Transportation Component Commands
— Air Mobility Command (AMC), Military Sealift Command (MSC), and Surface
Deployment and Distribution Command (SDDC) — which execute the movements of
people and material. A Fusion Center, which contains command staff as well as
experienced planning representatives from each of the three Transportation Component
Commands, serves as a planning cell to synchronize and balance operations.

The planners we are attempting to support are employed in the Fusion Center. One
of the elements of their job is, given a description of a prospective movement, to find one
or more potential ways the movement might be accomplished — the modes of movement
(air, sea, or ground), the ports to be used, the mix of vehicles to be used. While the
phrase “Course of Action” has many meanings in various military problems, for us a
COA for a prospective movement will be a transportation plan — i.e., a selection of modes
and ports and vehicles to be used to execute that movement.

There is a broad range of constraints to be considered in such a COA problem. Just
based on general principles, the space is complex: Air movements are much faster than
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sea movements, although the capacity of a typical ship is many times the capacity of an
airplane — meaning that while movement by ship might well be the fastest way to get all
of a large load delivered, in some cases it may be important to deliver at least some of a
large load by air to get it there quickly as possible, and follow up with remaining
movements by sea. Some cargo will not fit on an airplane, but can fit on a ship. Costs
between air and sea movements vary greatly. A second class of constraints comes into
play when we start to factor in port capacities. Military movements often make use of
both airports and seaports that have severe limits on space or material-handling
capability. A proper COA will have to take these limits into account. And a third class
of constraints arises from the unfortunate (for the planner) fact that the movement he is
planning is not the only movement going on in the world. The COA has to take into
account any limitations on aircraft or ship availability due to other operations, and even
more stringent limit on port usage because this movement may need to share port
capability with other operations.

In the context of the problems we are discussing, the planner is often determining a
“rough COA” before the problem is entirely nailed down —i.e., before it is entirely
determined how much material is to be moved and exactly when it is to be moved. The
movement may be a projected troop rotation nominally scheduled to occur several
months in the future, for example. In this case, the precise number of people and
amounts of goods will not be finally determined for months. But having a notion of what
modes, ports, and vehicles might be used for this movement will enable a general
deconfliction process to take place in the Fusion Center, to allow multiple projected
movements to coordinate their use of the limited resources of ports and vehicles. A
second example of a planner wanting to think about COA’s before a movement is
proactively thinking about world events. For example, he may see the possibility of his
command wanting to send humanitarian relief to a part of the world where an earthquake
has just hit. Even though he may not have any real notion of how much is to be moved,
he needs to think through what ports (both embarkation and debarkation) could be used to
quickly get supplies into the affected area.

The fact that planners are often tasked to come up with suggested COA’s for
speculative problems argues that any support tool should be designed with exploration in
mind. It should be easy and natural for the planner to see how the COA changes if the
total amount to be moved goes up or down by a factor of two, or to see what happens to
the COA if more or fewer planes or ships are to be used.

The current procedures for such problems largely depend on the built-up expertise of
very experienced planners. There are a number of “back of the envelope” kinds of
calculations that can be done to estimate how quickly people or goods can be moved,
particularly through the air. A planner will call on colleagues, often experienced planners
in the Transportation Component Commands who have particular expertise, to
collaborate on a single problem. In some cases, for an important enough problem, a
“Joint Planning Team” will be constituted to collaborate over such a problem in a more
structured manner.

2. Cognitive Task Analysis
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In 2009 our team conducted observations and interviews in the USTRANSCOM
Fusion Center with the goal of identifying areas (“leverage points”) where additional
cognitive support (generally in the form of newly designed software tools) could provide
significant performance gains to the Fusion Center. Over the course of six months, we
participated in several multi-day sessions in the Fusion Center, starting with introductory
orientation sessions to various operational groups within the Fusion Center. As we
became familiar with the details of Fusion Center operations, we identified two general
task areas that require additional cognitive support for the users: 1) Providing better
oversight and insight on Fusion Center demand (customer movement requirements); and,
2) interrelating demand with feasible transportation network capacity. The Research and
Development (R&D) discussed in this paper supports the second focus area by providing
cognitive support for exploring and evaluating potential transportation courses of action
for prospective movements. We began work focused on a prototype COA exploration
tool in early 2010.

One of the difficulties in acquiring knowledge about the COA exploration task area
is that while problems of producing COA’s are important, instances of producing new
COAs can occur infrequently as they often depend on external events. We initially
conducted structured interviews with users who had recently performed this task, but also
needed to observe this action as it happened, to better understand the structure and pace
of the work, the opportunities and ways in which collaboration happened, and additional
constraints that may be added to this problem. We were fortunate in that
USTRANSCOM participated in an exercise during April and May 2010 for which Fusion
Center planners were tasked with producing COA’s. We were able to observe several
planning sessions, and to subsequently interview some of the participants about those
sessions.

As we gained a thorough understanding of COA exploration and how planners were
attacking it, we began to classify the cognitive tasks associated with its solution into five
general categories. While there is something of a sequential nature to these five
categories, it should be noted that not every planner will touch each of these five
categories for each problem — there are problems, and solutions, that may leave any of
these five entirely out of the process.

Before describing the five categories of cognitive tasks, we also note that each of the
tasks represents an opportunity for the planner to collaborate with colleagues who may
have more expertise about a particular area of planning. In fact, it would not be unusual
to find a single planner pulling in expertise from a different colleague for each of these
five areas.

Cognitive Task Areas:

1. A planner will often start out by thinking not about a COA as a whole, but about the
individual ports — both airports and seaports — that might be used. In many cases this step
can be skipped; often the prospective movement is to be moving to and from familiar
areas of the world, in which the choice of ports to be used is second nature to the
experienced planner. But this is not always the case; the COA may deal with an
unfamiliar part of the world, or maybe even a familiar part of the world, but for some
reason, the standard set of ports will be unavailable for this use.
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The planner needs a way to easily browse through the ports in a particular part of the
world. He needs to have some basic information about the availability of the port — is it
politically (or commercially) available to the US military for the prospective operation?
How many days a week, and hours a day is it open? What are the basic capabilities of the
port — for airports, what are the runway details (i.e., what kinds of aircraft can feasibly
use the runways); for seaports, what are the dimensions and depths of the various berths?

In addition to the fixed infrastructure of a port, there are various measures of material
handling equipment (and the staffing to operate the equipment) that determine how much
cargo can be moved through a port in a day. And while there may be nominal values for
this, depending on the ownership of the port and the lead time before execution, there
may be ways to “beef up” the port, allowing more cargo to be processed.

Generally, this task is one of acquiring information about ports, together with how
current that information is, understanding which of that information represents hard
constraints and which constraints might be eased, and finally comparing all this
information across multiple ports that might be candidates for a particular operation.

2. In the next task, the planner is still thinking about building blocks that get put together
to make up a COA rather than an entire COA. A planner often spends a fair amount of
time thinking about what we’ve termed a “segment”. A segment is a subpiece of a COA
that begins with cargo having been onloaded at one port. Some number of vehicles carry
that cargo to another port, where cargo is offloaded (or “transloaded” to other vehicles).
There are many COA’s that consist of a single segment; but quite a few that are made up
of multiple such segments.

A segment is the natural construct to begin thinking about how much cargo can be
carried by how many vehicles how quickly. Without having to worry about the
complications of onloading, offloading, and transloading, the planner can use generally
accepted formulas to get a quick “back of the envelope” sense of how many C17’s will be
needed to move his cargo from port A to port B, or how long it will take a particular class
of ship to transit a segment carrying his cargo.

Depending on the COA problem at hand, the planner may need to refine the initial
rough estimate for a segment — some COA problems are still quite speculative, where
rough estimates are appropriate; some COA problems are less so, and strict feasibility of
their proposed solutions will be important. A number of refinements can be made. For
an air segment, for example, the length of the segment together with the type of aircraft
chosen may force the planner to consider a refueling stop, (either in-air refueling or on-
ground refueling). The ability to factor that in, as well as details such as crew duty day
limits, and even availability of fuel at a proposed intermediate stop, will all play a part in
being able to generate a feasible plan for moving cargo across this segment.

In practice, the experienced planner reasons about a segment to the level of detail he
thinks appropriate to the COA problem at hand. He will often seek additional expertise
among his colleagues to help refine his initial estimates. Even if he leaves the planning
for a segment at a fairly gross level, as the time for a movement draws closer, it may be
appropriate to revisit the COA and refine the estimates previously made.

3. Finally, given the building blocks of what ports and what segments to use, the planner
can think about how to piece together a whole end-to-end course of action. While, as
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discussed earlier, many COA’s consist of a single segment, with cargo being picked up at
one port (the “Port of Embarkation” or POE) and dropped at another port (“Port of
Debarkation”, or POD), there are reasons why many COA problems cannot be adequately
solved by a single segment. It may be that the POE or POD have limitations upon them
that make it advisable to use smaller vehicles to take cargo in or out of those ports, while
transloading to larger vehicles for the bulk of the movement, for example.

While it is generally not difficult to come up with estimates for throughput across a
single segment, once multiple segments have been pieced together into a COA, it is much
more difficult to compute how fast cargo will be moved, and how many vehicles will
need to be used.

This is not a simple problem. In fact, making the leap from thinking about
transportation a segment at a time to a multi-segment COA is really the crux of the
difficulty of the COA problem. The segment problem is essentially a linear problem —
for the most part the planner can reason along the lines of, “if [ have 4 C17’s to use on
this segment, I’ll be able to move twice as much as if [ have 2 C17°s”. (There are limits
to the range of linearity, based on port capacities, but the experienced planner can
generally understand where these limits are.)

The task for the planner at this stage is having strung together segments to make a
COA, to get a sense of how this COA plays out. The key bits of information traditionally
are overall closure time (how long it takes for the entire movement to finish), initial
delivery time (how long it takes for the first bit of cargo to be delivered), and to a lesser
extent, the profile of how much cargo is being delivered when. In our view, though, it is
also valuable for the planner to be able to directly view how these parameters change as
other changes are made to the problem — if we bump up the total cargo by 10%, what
happens to the closure time? If we can add additional material handling equipment to
this port, or add an extra two planes, how does that affect things? It is the ability of the
planner to use the tool such as ours to explore this complex decision space that will lead
to selecting better and more robust COA’s.

Once we move to a multi-segment COA, the problem is decidedly non-linear. There
may be no easy way to decide if adding more airplanes to service one of the segments
will have any effect on throughput or closure time. These additional constraints
dramatically increase complexity and make the problem infeasible for easy computation
by the Fusion Center planner.

Even though there is not a simple tool available for analyzing a COA in the Fusion
Center, there are more complex tools in use. JFAST is used to model transportation
movements and analyze COA’s. JFAST does require significant expertise to set up,
however, and a run of JFAST is often set up to run overnight, taking hours. While
JFAST has proven to be an invaluable tool in modeling transportation movements for
USTRANSCOM, in our view it does not provide the exploration capability we see as
important to Fusion Center planners. Our vision is that the prototype RCAAT tool will
provide this exploratory capability, with the COA’s resulting from a RCAAT session
being further analyzed by JFAST runs when necessary.

A second, related tool is MIDAS, which is not often used in the Fusion Center; it is
part of a set of tools called Analysis of Mobility Platform (AMP), whose primary users
are skilled analysts in the Joint Distribution Process Analysis Center (JDPAC) providing
transportation analysis support to USTRANSCOM. MIDAS and JFAST are both
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described in [McKinzie, 2004]. Both tools are transportation models, capable of taking
the description of a COA and determining how the plan will play out, including closure
time and initial delivery time.

Our task was to decide whether and how we could repurpose one of these large
strategic models into a “COA analysis engine” for a much smaller problem. We chose to
work with MIDAS, for the pragmatic reason that MIDAS developers were at Raytheon
BBN Technologies, and were accessible to our team.

4. Having generated a COA, the planner is now faced with the task of analyzing it. While
analysis based on the parameters mentioned above (closure time and initial delivery time)
is useful, it is much more useful to be able to analyze this COA in light of other activity
that will be going on in the world at the same time as the operation described by this
COA. Up until this point, the COA has been treated in isolation — a port’s capability can
be entirely dedicated to the service of this operation. A more useful and realistic picture
can be obtained by trying to factor in the effect of other movements going on at the same
time as this operation.

During this part of the analysis, collaboration with other Fusion Center colleagues is
critical. The planner must interact with other planners to understand what other
operations are likely to be using the ports of interest, and to what extent. Depending on
the importance of the operation under discussion, there may be negotiation on how much
port capacity is to be allocated to which operations. The exploratory analysis in RCAAT
will be critical in enabling this negotiation — being able to quickly see how changes in
allocation of port capability will affect delivery and closure of this operation is invaluable
in making decisions on balancing port usage between operations.

5. Having produced a number of potential COA’s, the planner must be able to easily
compare them based on operationally relevant metrics. Finally, the planner must be able
to coherently brief the candidate COA’s to his commander, describing the comparison
between them, the factors that argue for adoption of one or another, and finally a
selection of a single COA.

Closure time, initial delivery time, and total cost are all clear metrics upon which
COA'’s can be compared. Less clear, but potentially of use, is how to compare COA’s
based on port usage profiles. Port capacity can be a limiting constraint affecting not just
this operation, but also other operations occurring in the same time frame. This argues
that the ability to compare COA’s based on how much of a port’s capacity is used by a
COA would be critical.

3. Description of RCAAT Design

This section describes both the challenges and prototype solutions designed and
developed under the R&D effort to build an RCAAT tool that assists the user in
performing the 5 cognitive tasks associated with exploring and defining courses of action
as described in the previous section. The team defined the following important factors in
designing a successful RCAAT prototype:
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The ability for the user to rapidly: 1) explore the building blocks of a COA
such as ports, asset utilization, and segments; 2) define a COA; and, 3) analyze
multiple COAs.

Provide the user with capabilities better than back of the envelope solutions,
but not optimal detailed COA modeling and analysis.

Provide mechanisms for the users to understand the assumptions behind
calculations and estimations along with the ability to modify them as needed
(while not requiring the user to modify or review the details of the underlying
assumptions).

The design centers around a map based visualization that provides a “home” base for
the 5 cognitive tasks performed by a user in developing and analyzing multiple COAs.
While not every task can be performed using this visualization, important components of
each of the 5 tasks can be represented and analyzed collectively in this view. The map-
200 _ . a— based home view provides the
S\ A M users with an easy to understand
geographical and spatial context
in which to work in, much like
drawing on a map to plan a trip.
We found that the graphical
representation is somewhat self-
explanatory to the users, as well
as an accepted form of
collaboration and presentation
within the Fusion Center and

Figure 1:Map-based visualization with port splay.

USTRANSCOM. The map-based view depicts
ports and routes on the map and provides the basic
map functions such as pan, zoom, searching and
layers. We have developed one solution to allow
users to tooltip over ports that are co-located
(literally) or co-located due to the zoom level of the map, thereby allowing access to
information without requiring the extra steps of zooming in to detailed map layers simply
to find the port they are interested in browsing. Figure 1 depicts a “splay” functionality
that provides the user the ability to see each port in a geographically congested area — this
is essentially a “local zoom”, in which a small area around the point of the mouse cursor
is dynamically zoomed out to show all the ports in the area. In addition we have scaled
our port icons in association with the map zoom level to help keep the geographical
regions recognizable and visible, however the tooltip and splay functionality works at all
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zoom levels as depicted by the lower right screenshot in Figure 1 which is shown at a
lower zoom resolution.

Port Browser Design:
The capabilities associated with the first cognitive task of port browsing are almost
entirely designed within the map view. In some cases, the planners are familiar with the
ports they intend to use to generate the COA, but often need to double check the details
of the port capabilities such as the ability of an airport to handle a certain type of military
aircraft landing, refueling, or cargo handling. In other cases, the planner may be very
unfamiliar with both the location and types of ports in a region as well as the
infrastructure capabilities in and around the port. For example, when planning to
transport much needed supplies to Haiti, most planners were unfamiliar with the Haitian
ports and their capabilities. Today, much of this information is available, but the sum of
the information needed by a planner to consider the best port options for a mission is
dispersed among many applications, databases, the Internet, and human experts. Besides
the obvious data challenge to provide all of this information in one place, we found a
challenge in developing an interactive visualization that effectively provides enough
information at a glance on a geographical display for the user to quickly grasp the extent
of the ports and capabilities in a region. We have designed the map to include tooltips,
user “sticky” ano
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!nfras_tructure, Figure 2: Port Browser map with port capabilities displayed as a tooltip using
intelligence _ a hover gesture over a port.
reports, detailed

port capability reports and more. Figure 2 shows a filtered view of airports in Spain with
capabilities matching 2 types of military aircraft with a tooltip over the Rota Naval Air
Station that describes airbase capabilities along with a user generated note about other
options in the area. The content of the tooltip has been refined over many knowledge
acquisition and user feedback meetings in order to provide the most meaningful port
capabilities to the broad set of planners. The ability to view data from multiple sources
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for a large number of sea and air ports in one place with a quick tooltip gesture provides a
huge reduction in time and research required by a user.

Figure 3 depicts some potential “drilldown” links for the Rota Naval Air Station to
include a satellite image. The principle behind this visualization is to provide (in a single
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Figure 3: Drilldown port details linked from the port capabilities tooltip.

gesture) a mechanism to quickly “pull-up” additional port details that help the user decide
which ports are good options as well as the port constraints that may hinder the missions
in the COA.

Segment Exploration:

The second cognitive task is one in which the user explores various routes between
ports in support of transporting cargo from one location to another. These “building
blocks” in support of generating a COA are referred to in RCAAT as segments. In order
to best support this task, we wanted to develop a visualization that included natural
gestures that allow a user to draw many segments on a map and immediately understand
the implications and constraints of such a route. For example if a user draws a route from
a location on the East Coast of the United States to the Middle East, one would
immediately want to understand not only the distance associated with that route, but the
implications of that distance such as travel time or the time it would take to load a plane,
travel to the destination, unload, refuel the plane and return to the U.S. This time is often
referred to as “cycle time” and it allows planners to consider how many round-trips or
“cycles” planes could make in a day. Additionally, planners would like to know what the
constraints of such a route are; these might include things like, “Will I need to refuel
enroute?”, or “Will I exceed the maximum flying hours for a crew?”. For some common
routes, planners often have an idea of the route distance and whether it requires refueling,
but slight variations in destinations can often push a segment just over the threshold.
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Planners need to understand when a flight is close to an edge case as winds or other
factors can certainly affect flight time and fuel usage.

In order to help answer some of the above questions, we developed a mechanism that
immediately performs calculations and seamlessly provides the results in the same
visualization as soon as the user completes the segment drawing gesture. Included in the
information box are warnings if certain thresholds are exceeded such as fuel; see the
segment annotation box for the Charleston to Kandahar segment in the top left of the
Figure 4 below. The screenshot also shows multiple segments on the same map palette.

g sdnosy

Figure 4: Segment Exploration with travel time, cycle time and segment warnings calculated as

the user draws the segment.
This visualization was designed to allow users to explore multiple segments on one
screen for comparison and decision support purposes in determining segments to include
in a COA. Segments can be deleted from the map by simply selecting “Delete Segment”
from a menu associated with a right mouse-click. Also, the segment annotation boxes
can be hidden or resized to help manage the screen real estate during exploration or
collaboration with other planners.

If the user wants to view or edit the underlying assumptions of a specific segment’s
calculations, they can right mouse-click to bring up the segment assumption editor. This
editor details the “math” behind the values listed for cycle time or fleet throughput that
consider the characteristics associated with a type of aircraft. The user can also modify
the default type of aircraft to be used for the segment and immediately see the effects.
Additionally, the user may specify enroute stops such as refueling or a crew change to
better understand how these additional stops affect the segment overall. In Figure 5, the
assumption editor is displayed for the Charleston to Kandahar segment where the user
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has specified an enroute refueling stop in Germany. The map has automatically redrawn
the segment route to include this stop. The segment distance, travel time, and cycle time
values have automatically updated as well to take the stop into account. As we began to
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Figure 5: Segment Assumption Editor are located
next to the

edit within brackets (see the Onload hours section of the Cycle Time calculation in Figure
5). This technique provides immediate feedback and visual cues to the user to remind
them of their modifications. These types of editors allow the users to make modifications
based on their own knowledge or expertise regarding specific ports, routes or differences
in cargo being carried on aircraft for a specific mission as each plan is unique. It is never
necessary for the user to dive into these details and make modifications, but the editors
provide a simple mechanism for an important and often forgotten source of data — the
user.

COA Building:

Now that the user has a good idea of potential ports to use as well as some segments
that will provide different options, they can start to string the segments together to build a
COA. This will allow the user to better understand the full implications of routing cargo
by air and sea through multiple ports which each have their own capabilities and
constraints that will affect the mission overall. The COA building map where the user
builds a complete COA is not a new visualization; rather, it is designed as a type of layer
on top of the map that the user has already been interacting with to explore segments and
ports. This allows the user to continue to browse ports and use either existing segments
as part of a COA, or explore new segments to use in a COA. We believe this is an
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important design concept as it lets the user continuously explore and redefine solutions as
they understand more constraints about each COA without having to completely switch
tools, visualizations and “cognitive-gears”.

The COA layer allows multiple COAs to be built on the same map so that the user
can begin to compare COAs at a very high level. The user can also make modifications to
the COA including changes to the segments that make up the COA, the assets being used
for the transport of the cargo between ports, port capabilities and much more. In order to
reduce the information overload that can occur when using a single layered visualization,
we have designed mechanisms to hide certain layers on the map to de-clutter the view
and allow the user to focus on specific COAs or segments without requiring them to
switch to a different view or lose work.
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Figure 6: COA Map depicting 3 possible COAs

In Figure 6 above, 3 COAs are depicted on the visualization; the first (in yellow)
shows a COA that uses a multi-modal solution using ships from Charleston to Rota,
Spain and then a transfer of cargo to the Rota Air Station to be taken by plane into
Kandahar; the second (in blue) shows an air only mode from Charleston to Kandahar
with a stop in Ramstein, Germany to refuel; the 3" COA (in green) is an air route from
Charleston to Bagram instead of Kandahar with a refueling stop in Ramstein — note this
COA uses only one type of aircraft, C-17s for it’s plan. Notice the right panel with a
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summary box for each COA along with a summary of the cargo being moved in the
“Requirement Totals” panel. Simply toggling the eye icon in the top right of each COA
summary box can hide any COA on the map. Also, note the closure time in each COA.
This is an estimate, in days, of how long it will take to move the cargo as defined in the
movement requirements, taking into account the vehicles used, the routes and the
constraints at each airport and seaport.

The MIDAS model, a detailed transportation modeling application, generates the
closure day along with other important information regarding throughput and usage of the
port capabilities. This information is important to the user as they begin to further
compare and analyze the COA options developed during this task. RCAAT is sending
information to the MIDAS application when a COA is generated on the map and
subsequently gathering results from the MIDAS model. The design and technical
challenge in this area is to effectively gather and translate high-level requirements from
an interface such as the one provided by RCAAT to a complex model such as MIDAS.
MIDAS was designed to model movements that require months if not years of transport
missions to complete. Such missions are defined by expert analysts who provide input to
the model at fine-grained level of detail. Our users are often looking at missions which
take days to complete and they may not have the exact details of the mission as they are
exploring different COAs. To bridge this gap, we developed some utilities that provide
default breakdowns of high-level specifications into lower level specifications that the
model needs to run. Again, the user is allowed to view and modify these assumptions, but
they are not required to do so to get an answer from the model. This is an area ripe for
more research as many complex software modeling and simulation tools such as the
previously mentioned JFAST and MIDAS already exist, doing very good job at detailed
modeling. The research however, is how to make these models accessible to more
planners at a different level of fidelity allowing high level planning to take advantage of
these systems in an accelerated, early planning cycle.

COA Analysis:

Up to this point the planner has been thinking about a COA or multiple COAs in
terms of isolated feasibility. That is, how feasible is this plan given certain assumptions.
However, much of the time plan feasibility cannot be fully assessed without considering
what other transportation plans (COAs) will need to share the same resources. If the plan
utilizes ports that are also being used or planned to be used by other movements at the
same time, these resources are likely to be further constrained because you can not
assume that your movement and only your movement can utilize the full capabilities of a
port. At this point in the COA analysis process, a planner needs to understand how much
of certain port resources are being used by his plan. We have proposed a visualization
that will allow the user to view the projected plan in terms of throughput and port
capabilities used over time with respect to the maximum capability available at that port
for all activities. This provides the user with a better understanding of, “How much of a
port is projected to be used by my COA?” and “How much capability in total does the
port have?” as well as visual cues to any bottlenecks or threshold concerns. Using this
visualization, planners can modify the maximum threshold for certain capabilities of a
port for use by a single COA so that ongoing or projected concurrent movements can
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appropriately share the port resources. This visualization provides a focal point for multi-
planner collaboration sessions to help ensure that concurrent plans are mutually feasible.
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Figure 7: Interactive Port Utilization charts

In Figure 7 above, the blue bar charts depict the cargo throughput per day at each
port across the entire projected plan as determined by the MIDAS model. The black lines
at each port depict the maximum throughput per day; the blue marker shows the
maximum used by the COA being analyzed. As the planners collaborate over the usage
at Rota for example, it may be determined that due to other activity at that port, the
maximum allowable throughput for the current COA should be about 10,000 Short tons
(STons) a day. Given this information, the user can simply drag the allowable threshold
down as indicated by the red bar and RCAAT will replan with the adjusted port
assumptions. This technique can be used across many different capabilities at a port such
as: airport MOG (Maximum on Ground), number of seaport berths available and many
other limiting factors to provide insights into multi-COA, real-world feasibility analysis.

COA Comparison:

Once the user has more than one COA defined that meets the transportation mission
problem criteria, the next task is to compare the COAs and make a COA recommendation
to leadership. As discussed early in the paper, there are many factors for what might
make one COA “better” than another. Such factors may include closure timeliness,
vehicles needed to complete the missions, ports utilized and their constraints, or political
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status. At this time in the process it is important for the user to be able to “build”
visualizations that display their notes and a high level summary of their chosen COAs.
The map visualization provides an easy mechanism to turn off or hide unneeded
information to display only certain COAs and associated information. The planner will
also need supporting drilldown views of each COA that support further comparison and
analysis. We designed two comparison table visualizations in support of such COA
comparisons. These views will also highlight areas of concern such as port capabilities
reaching maximum capacity for each COA and allow the user to add annotations to
further describe their conclusions. The first table shows a summaryof 3 COAs, the
associated ports and assumptions in a single table along with summary results for each
COA (see the bottom of the figure below).
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Figure 8: COA Comparison focusing on port assumptions and capabilities.

The second table (really just another tab within the same table visualization),
displays the port utilization details, providing a way for the user to compare utilization
details of multiple COAs at once.
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Figure 9: COA Comparison table depicting port usage for each COA.

4. Repurposing a Model to Support a Collaborative Decision Tool

Having laid out both the cognitive structure of the planning tasks and the software
structure of the prototype tool, we can now discuss the modifications we made to MIDAS
to support the work model we had in mind for the Fusion Center planners as well as the
overall framework we built up to let the planner interact with MIDAS.

In [Scott, 2009b], the problem under discussion is the design of a “Joint Cognitive
System” [Woods & Hollnagel, 2006] in which the human operator is working jointly and
iteratively with a software optimizing scheduler tool to find ways to solve difficult air
mission scheduling problems. In that paper (which follows principles laid out in Woods
& Hollnagel), some of the key factors to allow for the successful collaboration between
human operator and automated system are that the automated system must be both
directable by the human and observable by the human. An additional factor, related to
the other two, is the availability of visualizations that can serve as a shared frame of
reference between the human and the automated system.

These same factors, reinterpreted for the current problem, turn out to be the critical
design features to allow the Fusion Center planner to use MIDAS as the “engine” to this
COA exploration tool.

“Directability” of MIDAS means that the planner is able to specify exactly what the
course of action to be modeled by MIDAS is. That is, the MIDAS simulation should use
exactly the ports specified by the user (and no other ports), exactly the planes and ships
specified by the user, in the numbers specified by the user. In addition, the user should
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be able to alter port characteristics (number of spaces for simultaneous plane loading, or
number of berths, for example) to reflect his needs.

This directability property turned out to be surprisingly difficult to arrange with
MIDAS. MIDAS has existed as a strategic distribution model for well over two decades.
During that time it has been tailored in various ways for the large analytical and
programmatic problems for which it has been used. It has, along the way, been designed
to make certain assumptions about its problem setup that were convenient for its users for
these large-scale model runs. And some of these assumptions do not translate so well to
the small-scale runs that our planners will be making. The general problem is that there
is a mismatch between what the model has previously been used for and what we now
want to use it for - we are using MIDAS for a set of problems for which it has not
previously been used. It should be no surprise that we must allow for a period of
revalidating the model for our new purpose.

In the end, the directability of MIDAS has been achieved by carefully designing the
map-based visualization (and supporting widgets) to let the user select the ports, specify
the ports to use, and choose the numbers and types of vehicles. All of these “inputs” are
accomplished through simple user gestures that mirror how the user would mentally
“sketch out” the COAs.

“Observability” of MIDAS by the planner is a little more difficult concept. While it
is certainly true that we want the planner to be able to observe the results of MIDAS — the
closure date of the COA and the utilization profiles of the various ports that are used — we
actually want more than that. We want the planner to be able to quickly and easily
“explore the decision space” — i.e., make changes to the ports used, to the numbers or
types of vehicles used, to the amount of cargo to be carried, and (nearly) immediately see
what difference it makes in the MIDAS results.

We need this extended observability property for two reasons. First, it is only with
this exploratory capability that the planner will learn to have trust in the answers that
come back from MIDAS. Even though, as we’ve said, the planner does not have the
capability to easily check the answers — to compute the closure date, for example — for a
complicated COA, he does have some sense of how the closure date should vary with
some of the changes he can make for simpler COA’s. By trying out various test cases,
the planner will quickly find out if the MIDAS results match his mental model of what
effects the changes should have, and quickly decide if he is willing to trust this tool.

Secondly, we argue that this exploratory capability is critical to helping the planner
understand the COA’s he is evaluating. It is not enough to take the single datum of the
closure date as the metric by which a COA should be evaluated. The planner needs to
understand how robust that estimate is. What if cargo doesn’t move as quickly through
one of the ports as the data in the database suggests it will? What if one or two of the
C5’s allocated to this COA break down for a couple of days? The ease of changing a
number or two and nearly immediately seeing a revised result allows the planner to do
quick sensitivity analyses to get a feel for best case, likely case, and worst case estimates
for his COA’s. This is exactly what is needed for the planner to not only choose a COA,
but defend that choice to his superiors.

This notion of observability was enabled not only by the user interfaces we designed
to allow the planner to interact directly with MIDAS, but also by the significant work it
took to get single MIDAS runs down to two or three seconds. As is typical of large

88 ABW PA Cleared 01/19/2011: 88ABW-2011-0156 Page 18



simulation models, MIDAS can take quite a bit of time (on the order of 60 seconds) to
initialize itself. We certainly did not want any user action that required a new MIDAS
run to take that long, so we found a way to initialize MIDAS only once when the RCAAT
tool is started up. Every interaction with MIDAS after that essentially is a message to the
running MIDAS to alter the scenario it is running, and to rerun it from the beginning
without reinitializing the entire run, generally allowing the run to complete in just a
couple of seconds.

Finally, we point out that our visualizations form the shared frame of reference
between the planner and MIDAS. Certainly the map-based tool that really serves as the
planner’s sketchboard to task MIDAS is one component of this shared frame of reference.
But model results are not themselves, in our system, portrayed on the map. The natural
visualizations to view model results are the linked port utilization graphs that directly
give the planner a sense of how his limited port resources are being used, as well as give
him a direct manipulation method of altering the constraints on port utilization.

5. Summary

This paper describes the analysis and design that led to a prototype implementation
of a course of action exploration capability for USTRANSCOM Fusion Center planners.
Our cognitive analysis led us to the conviction that instead of a tool that will directly
generate a COA, or a tool that will let a planner deeply analyze one COA at a time, the
planner would be better supported by a tool that will let him quickly and roughly analyze
multiple COA’s. By allowing the planner to try out multiple variants of each plan, we
can let him directly get a feel for the overall decision space and allow him to understand
the sensitivity of the COA to small modifications. The understanding of a COA not as an
unchangeable plan, but a family of related possibilities (with the corresponding
appreciation for the magnitude of end effects that arise from small changes) will lead the
planner to better choose from his possible COA’s.

In order to enable this COA exploration capability, we connected a number of rough
estimation equations to a map-based graphical user interface. These calculations mirror
the coarse analysis that experienced planners do now when faced with COA problems.
To produce a more refined analysis of a potential COA, which goes further than planners
can now go, we adapted MIDAS, an existing strategic transportation model, to be tightly
integrated into our tool.

While MIDAS is a validated computation engine for modeling the flow of
transportation assets through a set of ports, it is designed for use by experienced
operations research-savvy analysts on transportation problems much bigger than our
typical scenarios. Our design challenge was to enable our user to easily task MIDAS, to
make sure that there would be no mismatches between the COA scenario laid out by our
user and the problem that MIDAS would solve; and that our user could easily interpret
the MIDAS results. This design drew from, and extended, ideas we’ve previously
described as symbiotic planning — a particular variety of mixed-initiative planning in
which the user is enabled to directly task and observe an automated process. This
paradigm supports the user in integrating the results of the automated process into their
own workspace and workflow.
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We expect to, in future work, further explore the collaborative possibilities of the
design we’ve already laid out, and further enable automated processes to help inform the
planner about variations to courses of action he is already considering. A user evaluation,
with Fusion Center planners using our prototype tool in realistic COA planning scenarios
is also planned for the near future.
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*Recommended
enhancements

*Forward-looking
opportunities

* Focus on the work domain from a user’s perspective, rather than on specific task/process

* GOAL - make constraints and complex relationships in the work environment perceptually

evident (e.g. visible) to the user in an easily accessible and coherent fashion

This approach accelerates implementation of features that

significantly reduce cognitive burden




Rapid Course of Action Analysis  Raytheon
Tool (RCAT) Prototype ’

« Leverages existing simulation models of strategic air and
sea movements (originally developed for long term planning)

* Overcomes model limitations:
— Require significant expertise to set up and run
— Require extensive precise data inputs (cargo details)
— Take on the order of hours to run
— Highly opague (no ability to view or modify planning assumptions)

« Adapted to enable rapid COA exploration in situations
where:
— Emerging events require rapid response

— There may be gaps in knowledge and expertise (e.g., unfamiliar parts of
the world)

— Details of movement requirement are not known at the start (dynamically
emerging)

— ‘Rough’ (macro-level) planning is sufficient to support decision-making
— Model assumptions may need to be modified



Rapid COA Analysis
Human- System Interaction Model

Raytheon
BBN Technologies

Icw\o_...am e om o

User
Planning
Sessions

Static Data

Simulation . (e-g. Pgrt
Model information, T
Calculators, Geoloc) _/

Algorithms, .
Other Tools Dynamic Data

(e.g. Port Intel,
MOG updates)

User gestures trip automated
data retrieval and model
invocation processes

Inputs/Outputs from data
sources, algorithms, and models
managed by the infrastructure

Results from multiple underlying
data and model sources are
seamlessly displayed in the
same user interface

Response from sources must be
immediate (seconds)




Rapid Transportation COA Raytheon
Development: An Example

« Collaborative activity often conducted
by a Joint Planning Team

* Requires consideration of
multiple factors:

— Mode of movement (air, sea,
multi-modal)

— Ports to be used
— Number & mix of vehicles

— Time to first delivery /
total closure date

— Cost

« Current process labor and time
iIntensive

— Can take hours to days to generate and
compare multiple options.



RCAT Prototype OVerview  siemeoses

Port Infrastructure Browser

Segment Exploration

Graphical Port Utilization

@9“0___

COA Comparison

Components designed around decision making aspects of COA cognitive work



Rapid Development and Comparison of O e
Multiple Alternative COAs

®

®
Y] ®e

Jusrjocalfcvaojcvao fust focalfvanfepach. . B Tomcat £ Java - cvaofsrcicoml... B 7 3ava(™) Platfor - &) Marosoft PowerPoint ... & JB% 7. s25PM



Defining a Movement (Problem) Using ~ javiees
Varying Detalil

Allows users to enter problem specification at the level at which it is known

cccccccc

Default values are provided
mmmmmmmmmmmmmmmm it — that the user can inspect

=l and over-ride as information

becomes available

| @ Micosoft PawerPont LT BEL



Port Browsing and Segment EXploration ssiecmeogies

Problem Specification

7 s uod ‘

Allows users to
visually explore
; candidate ports

COGMNITIVE VISUALIZATION

ALERTING orrTiMIzZATION

Problem Specification

e @0 AIRPORT: POPE AFB (KPOB) @@ @
@ Country State: NORTH CAROLINA ®
% Installation Type: MILITARY-ARPORT L 4
CHARLESTOH AFB-IN » KANDAHAR* |
Working MOG: 6 (wb 2, nb 4) ®
Parking MOG: 22 (wb 2. b 20) ®
Operating Hours: 24
q Airfield Throughput: 2176 STons/Day based
on C-17 missions
Airfield Suitability Report Codes:
Suitable C-5, Suitable C-130, Suitable C-17, ®
Suitable KC-10, Suitable KC-135,
Approvaliadvisory reqd - See GDSS for
obstructions and restrictions information,
See STIF for MAJCOM supplemental
information,

& Edit Segment Assumptions
Create New COA
Add Enroute Air Refuel
Add Ground Refuel Stop
Select Segment
Hide Segment Summary
Delete Segment

Proas F2'10 focus tooidip,

®e

2 I~ &

Users can draw COA segments and
get immediate feedback on cycle
time and constraint violations




Raytheon
BBN Technologies

Rapid Development of COAs

COOMNITIVE VISUALIZATION

CVAO

ALERTING OPTIMIZATION

Users can view and modify default
assumptions underlying calculations.

Problem Specification

T sisliduod

Q]
Q)

CHARLESTON AFB-IN »
KANDAHAR

Distance: 6661 NM # Edit Assumptions for COA (COA 1)

Stops: ETAR v
Asset Utilization: C-17(5) Total STons: 7000

@ Total MTons: 31150
Total SgFt: 140000

© CHARLESTON AFB-IN ¥

6 (Working MOG)

19
o S
24 (Operating Hours)

® i ENROUTE STOPS )

O RAMSTEIN AB

CHARLESTON AFE:
N

Working MO
Operating Hours: 24

KANDAHAR

RAMSTEIN AB @ (CrewChange +.. (¥) c17: [3415 | hous & ¥ X
+

® Wotking MOG: 3
> Operating Hours: 24|
o8 o e o €% 00 4 v
® @ 4(3?3 09 © (99 % 0@% ) ® 9 (Woking MOG)
° : ® 3 ® @@ 15 (Operating Hours)

@®
® @ SHAS S @ A
%@ﬁg ® D Sg v
& Y
@ ® @
@

L @ ® ® 3 (Wotking MOG)
® ‘99 () @@ (V) ° 24 (Operating Hours)
® © ®
® L @®® &%@ ® ® ® ® ® a ® ® [ c-17.ASSUMPTIONS [ 4
| @ @
| @"'® ® ® 5 (Asset Count)
} ® a . ® (€] (ﬁ @ % A 4+15 [3+15] (Onload Hours)
| 0@ ® ® 099@) [30) ® 2+15 (Offload Hours)
'J @ T @ @ 2+15 (Refuel Hours)
-’ ® ® e =
‘ ® ® D
‘ ®
®
@
a ®
8 ®g

74 start / Edit Assumptions for ... | ] Microsoft PowerPoi



Rapid Development and Comparison of Multipl

Alternative COASs

o Raytheon
BBN Technologies

Q
e

Problem Specification

CHARLESTON AFB-IN = KANDAHAR
Distance: 6651 NM

Stops:

| Asset Utilization: C-17(10)

§ seisvod

ROTA HAVAL STATIO = KANDAHAR

o s

Users can visualize
and compare multiple F
COAs across a variety
of dimensions.

COA Comparison Table |

via Mildenhall

CHARLESTON AFB.IN
WMOG: 6
Operating Hours: 24

Leg#1 10C-17s

MILDENHALL
WMOG. 2
Operating Hours: 17

-

Stop #1

fxo
via Rota ® via Ramstein
CHARLESTON AFBIN
CHARLESTON WHOG: 6
Operating Hours: 24
1LMSRs 10C-17s
RAMSTEIN AB
ROTA I'I wozs [P

Operating Hours: 15

Leg#2 10C-178 (Transioad) 10C-17s
ROTA NAVAL STA... IT
WMOG 4
f ‘e s Operating Hours: 24
® eV
® e 5C-17s
0o 0@
® KANDAHAR KANDAHAR KANDAHAR
® ® WMOG: 3 WMOG: 3 WMOG:3
® 24 op 2 2

O
70000 70000 70000
311500 311500 311500
140000 140000 140000
86 days 80days 53days
- EE A roneES initial Arvat Day2 Day 18 Day2
Cost seoul 53 seanl
ount 175 Ar 18eat75 Air 175 Air

Ports and Segments.

@
®
®

%
&

74 start Emae

e focaijcveojcvao

o ocallcvaojepach...

B ot

£ Java - cvaofseccom..

1B & Java(T™) Platfor - [ Marosoft PowerPoint

Supports collaborative COA development and presentations to leadership

§ s uod



Graphical Port Utilization Wl et

Includes tools for identifying transportation ‘bottlenecks’ and
‘direct manipulation’ features to support ‘what if’ analyses

— Dt NOYG Siofs Aalatie - NOG Sios Avalatie  NewhOG Sos vilabs 8 Max G Sot

Users can visualize effects of
limiting factors and perform what-if
explorations to minimize.




] i h
Formal User Evaluation e e

« 13 current planning staff participated in the
study
— 4-5 Participants per session
— Mix of Action Officers, Air, and Sea Movement Planners

 Three Evaluation Sessions (3to 3% hours each)
— Demonstration of prototype capabilities

— '‘Hands-on’ practice

— ‘Mini’ Joint Planning Team COA development scenario:

— Obijective: Move 11,000 stons to a specified country (which they don’t
normally go into).

— Col&al?)oratively develop and compare 3 COAs (at least one multi-
moda

* Verbal and formal written questionnaire feedback
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Questionnaire Feedback

Feedback: Usable,
Useful, and Positive
Impact on TRANSCOM
Operation

= N W A U1 O N

Usability Usefulness  Learnability Impact on Impact on
Own Work  TRANSCOM

better
COAs

8
Feedback: 7
Enables
faster, 4 -

3

2

1

Air COAs Sea COAs Multi-modal Faster- More Broadersetof = Compare COAs Generate COAs
COAs COAs in given COAs (closure date,  prior to having
time asset utilization, detailed data
cost)

Mean Rating Score on 8-point scale, (8 = extremely good, acceptance criteria is > 4)



: Raytheon
Summary and CO”CIUS'O”S BBN Technologies

« Cognitive analysis indicated a need for a tool
that supports a planner in quickly analyzing the
feasibility of multiple COA's.

— As opposed to an automated COA generator or
detailed COA analysis tool

« By allowing rapid exploration of multiple variants
of each plan, the user is able to get a more
complete appreciation of the overall decision
space

« Understanding effects (even small) and related
possibilities leads to better COA choices



Raytheon
BBN Technologies

Summary and Conclusions (2)

 RCAT extends ideas we've previously described
as symbiotic planning — a particular variety of
mixed-initiative planning in which the user is
enabled to directly task and observe an
automated process.

* This paradigm supports the user in integrating the
results of the automated process into their own
workspace and workflow.

* It points to ways that even opaque automation
technologies can be deployed more
collaboratively



Implications for Design of Effective Raytheon
Collaborative Automation ’

 Importance of enabling users to be active partners:

— Observability: A shared representation enables both
the user and the automation to understand and
contribute to the problem specification

— Directability: Multiple mechanisms are provided to
modify default assumptions and guide problem solution

 Importance of fostering better solutions than would be
possible by either element of the Joint-Cognitive
System working alone:
— Broadening: Broadening the set of candidate solutions
explored and the range of factors considered in
evaluating these solutions

— Adaptability: Enhancing the ability to adapt to
characteristics of the situation



