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ABSTRACT

Maritime domain awareness (MDA\) is a crucial U.S. Navy operational function,
with significant long-term strategic overtones, especially in the South China Sea (SCS)
region. Socio-economic issues plague the SCS, including overfishing, piracy, and energy
usage, and have forced many countries to disregard borders, laws, and economic
exclusionary zones (EEZ). These actions have caused numerous vessels of interest (VOIs)
to turn off required positioning systems to participate in illicit activities. This thesis builds
upon the concept of operations (CONOPS) developed in year one of a multi-year project
in order to create an exercise plan for use during the 2018 naval exercise Southeast Asia
Cooperation and Training (SEACAT). Advances in commercial satellite imagery programs
will enhance and improve situational awareness in the MDA realm for the Association of
Southeast Asian Nations (ASEAN) countries adjacent to the SCS. The research focuses on
utilizing a variety of unclassified software programs. These programs provide interested
parties with additional tools that improve the capabilities of the partner nations to improve

information sharing on both cooperative and non-cooperative MDA tracks.
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l. INTRODUCTION

Maritime domain awareness (MDA\) is a crucial U.S. Navy operational function,
with significant long-term strategic overtones, especially in the South China Sea (SCS)
region, home to several billion people. This chapter gives an overview of MDA and the
specific SCS region, with a focus on overfishing, piracy, and energy usage, three of the
biggest existing and emerging challenges in that ocean region. We argue that increasing
unclassified maritime domain awareness capabilities within the South China Sea (SCS)
will improve regional stability and security. This thesis aims to prepare for operational

experimentation to achieve those aims.

A. SYNOPSIS

A synopsis of the concept of operations (CONOPS) by our thesis predecessors, Erik
Lavoie and Erin Wreski, help conceptualize this year’s research (Lavoie and Wreski,
2016). The CONOPS focused on MDA in the South and East China Seas (SCS & ECS).
There are multiple reasons the United States has a vested interest in these regions. The
military is the leading reason; Freedom of navigation (FON) and protection of our allies
are of the highest concern to the United States. However, in addition to the military, there
are multiple systemic socio-economic issues with which the United States is concerned,
especially regarding the oceans. Water covers twice as much of the Earth as land, and
countries are responsible for protecting the oceans’ resources and all people who traverse
these oceans. There are few international agreements on what can and cannot be done
regarding the vast ocean areas, or on whose duty it is to protect these assets and in which
areas. Significant levels of corruption can be seen over a spectrum of socio-economic
issues: overfishing, piracy, and energy usage are a particular focus of this thesis. David
Rosenberg, a professor with the Department of Political and Social Change in the Research
School of the Pacific and Asian Studies at the Australian National University, explains the
United States’ desire to achieve “maritime domain awareness”—a comprehensive picture

of everything that moves on the world’s oceans. This is a goal of the U.S. security officials



who want ships to be wired so their locations, speeds, ports, and cargo can be tracked with

precision, as now occurs globally within air traffic control systems (Rosenberg, 2009).

Rosenberg elaborates how piracy in Southeast Asia (SEA) has cost the world
economy $25 billion a year (Rosenberg, 2009). Piracy raises insurance rates, restricts trade,
and increases tensions on shore and land. Many countries in SEA fall victim to piracy such
as Indonesia. The Indonesian government estimates that their country loses $4 billion a
year alone to illegal fishing. Unregistered foreign vessels often conduct illegal overfishing
and entice pirating (Rosenberg, 2009, pp. 47-50). The information on these criminal ships
is often not shared among countries. A common tool to identify ships and track ship
movements, utilizing existing data such as current location, crewmembers, and anticipated
port visits, is needed. Is there a ship that is violating international law? Is there a ship that
is known for human trafficking? Are there fishing fleets that are well outside their territorial
waters or exclusive economic zone (EEZ)? The answers to these questions would be useful

to all naval law enforcers and military.

Currently, maritime security initiatives for the SCS are fragmented. Each country
that is part of the Association of Southeast Asian Nations (ASEAN) alliance typically
operates to serve immediate self-interest, when a more collaborative approach would be
beneficial. Vessel of interest (VOI) data is held in segmented areas of certain agencies.
This segmentation can lead to inconsistent, fragmented or mismanaged information-
sharing and possible security risks. These risks can be reduced by adopting policies that
encourage information sharing, making data available to those who readily need it.
(Obama, 2012, p. 4).

President Obama noticed the need for responsible information sharing in 2012, and
the need has only increased. Unfortunately, sharing information is not easy in our current
culture, so tools and training need to be employed to assist the process. Software like
SeaVision can aid in the “shareability” of information for nautical vessels. The data will
be in a raw form. There will not be modifications to the data, or filtering it will simply be
the output. This is useful as commercial companies can run into sensitive or political
security concerns when providing information only on specific vessels. The responsibility

rests with the respective country to set up its own alerts for VOI. The availability of all raw
2



data accommodates the requesting country, without targeting any specific country, which
will be discussed in more detail in the following chapters. In brief, it is up to the specific
nations to decide how to categorize the generic satellite imagery it pulls from SeaVision.
The commercial companies will not do any targeted information gathering, since targeting
specific vessels may indicate other knowledge gained through classified means. Although
there are many unclassified MDA software tools and vendors, we chose SeaVision for the
previously stated reasons. In addition to those reasons, it is convenient to build upon
previous research using the same software, we have experience with SeaVision, and we
have built a repertoire with the engineers who update SeaVision. There are different
limitations on all the software options; such as very expensive subscription requirements
and extended storage/bandwidth requirements. SeaVision eliminates these limitations for
our use. Information sharing is an important concept of MDA and multi-nation exercises
are excellent opportunities to practice this. The annual Southeast Asia Cooperation and
Training (SEACAT) exercise, hosted in Singapore, is one such opportunity. The exercise
has been growing for 15 years and has evolved as the leading multi-nation information

sharing exercise in the region.

We anticipated the needs of potential SEACAT 2018 participants by analyzing
previous year’s after action report (AAR) and through it, developed a model for
information sharing experimentation. The model lays a foundation, defining roles and
responsibilities of key personnel. We then describe a realistic scenario as an intelligence
brief which will be used during the SEACAT exercise boarding exercise. The combination
of the model and the brief address two areas of concern we have identified from the AAR,
which are communication tools and a common information sharing portal. With the
guidance we provide on how to incorporate these two tools in chapter 4, these steps can
then be used to build a standard operating procedure (SOP) for future exercises.
Throughout the process, we continuously utilized SeaVision as our primary tool. The goal
of this thesis is to show how increased collaboration with SeaVision will enhance and
improve situational awareness in the MDA realm for the ASEAN countries adjacent to the
SCS to police their waters. This thesis is a foundation for information sharing experiments.

Our design theory will work both in the near term and for an expanded campaign of

3



experiments which leverages the ongoing SEACAT exercises. As Wreski and Lavoie
explain, the result of their CONOPS is to share information from multiple sources in the
form of a customizable and automated MDA COP. This will build trust and collaboration
with foreign nations (Wreski & Lavoie, 2016). Trust and classification concerns are

discussed later.

B. SOCIO-ECONOMIC ISSUES

There are a multitude of socio-economic issues in the SCS and ECS regions, but
we chose to discuss three in detail that are of high concern to the United States: overfishing,
piracy, and energy usage. These issues are not solely focused on any one particular country,
and the severity of the issues ranges from country to country, highlighting the benefits of
information sharing. Because of the complexity and fluidity of a country’s concern at a
specific time, this information sharing needs to be customizable. Andrew Tan, Professor in
Social Sciences—New South Wales states that the issues in Asian waters cannot be defined
by a single problem, country, or subject. The complex problems are a conglomerate of the
different cultures and assertiveness or passivity of the countries willing to intervene (Tan,
2013). These issues cause concern for all nations involved. More often than not, these
countries take a passive role when dealing with maritime issues, because they do not have
the resources to handle the issues or simple do not care. If they are not being directly
impacted at the moment, it is easy for countries to not react, even if what is happening is
near their borders. Furthermore, since these countries often demonstrate passivity even
when they do react, their weak response causes uncertainty, which can exacerbate the

issues.

One of the issues that all ASEAN countries are concerned with is maritime security;
as different countries have varying levels of military strength and economic resources, they
have realized that a cooperative security view may be beneficial. Researchers Khalid, Ang,
and Joni of the Center for Maritime Economics and Industries, Malaysia, explain how:

There have been many efforts at the bilateral and regional levels among

nations in SEA to enhance security and navigational safety. Among the
initiatives aimed at enhancing security in the waterway include:



1) The formation of enforcement agencies such as the Malaysian Maritime
Enforcement Agency [MMEA], which looks after the safety of vessels
transiting Malaysian waters and protects its [EEZ].

2) The introduction of Long Range Identification and Tracking (LRIT) of
ships initiative by the Maritime Security Committee of International
Maritime Organization (IMO)—LRIT enables ships to identify each other’s
registration and the type of cargo being carried.

3) The establishment of an agreement on information exchange and

communication procedures, a treaty of mutual assistance in criminal matters

and regional forum on measures against terrorism, counter-terrorism and

transnational crime. To this end, agencies such as South East Asian

Regional Center for Counter-Terrorism [SEARCCT] and the Regional

Cooperation Agreement on Combating Piracy and Armed Robbery Against

Ships in Asia [ReCAAP]. (Khalid, Ang, & Joni, 2009, pp. 4-15)

There are a multitude of other initiatives, but despite their abundance, the initiatives
still lack collaboration. In 2017, the rate of incidents was very high, and more needs to be
done to combat crime in the region. An effective way to intervene on crime is by learning
how to recognize and combat it. SEACAT provides an avenue to accomplish crime
intervention. SEACAT has changed names several times throughout the past 15 years. The
initial name in 2002 was “Southeast Asia Cooperation Against Terrorism.” In 2012, it was
renamed after the scope of training was expanded. As stated in the 2017 AAR by
Commander, Task Force (CTF) 73, the mission of SEACAT was “designed to address
shared maritime security challenges in the Southeast Asian region by bringing together
liaison officers from Singapore, Brunei, Malaysia, Indonesia, Philippines, Thailand,
Vietnam, Sri Lanka, Myanmar, Bangladesh, and the United States” (CTF 73, 2017, p. 2).
These security measures are not limited to the military; they affect all native people in the
region and, on a broader scale, the region’s allies and partnerships, essentially affecting all
nations. Therefore, it is essential to expound on the nautical socio-economic issues. In a
statement from the ASEAN Secretariat:

A lack of concrete action in respect to many problems including maritime

piracy, illegal drugs and terrorism has generated criticism of ASEAN’s lack

of progress on non-traditional security threats. There’s also concerns about

other human security issues such as pandemics, and environmental hazards.
(Tan, 2013, p. 231)



It is clear that action needs to be taken to address not only the socio-economic issues of the

region but the security threats that come with them.

1. Overfishing Problem

Fishing disputes are a significant type of maritime conflict that threatens regional
stability, commerce, and individual livelihoods. These disputes can quickly turn extremely
hostile and attempts to mitigate potential disputes are warranted. Fishing disputes are
common in many areas in this region involving multiple nations in various incidents. The
commonality is that there is not enough fish to support the demands of any one country.
This causes fishermen to violate ecological laws and EEZs. Security is often lacking in
these areas, so it is enticing to fishermen. Disputes between countries often escalate quickly
and can even turn political. China has taken to addressing this with their maritime militia
(MM); although a supposedly passive “agency” they are often aggressors and have been
known to harass other nation’s fishermen. Are they participants in a plan to bridge a gap in
China’s strategic and political motives? Are they a group that can enforce China’s
objectives without the backlash and restrictions of a typical military? Zhang, an associate
research fellow with a China Programme, answers these questions in the affirmative. These
fishermen are not victims or innocent bystanders but are actually part of a bigger picture,
a MM who are set to conduct a “people’s war” (for China) if a conflict does occur (Zhang,
2016, p. 65). This “people’s war” would give China’s government the option to intervene

using their MM or stay out of the conflict for political issues.

It can be considered a good tactic; the fishermen are essentially providing additional
coverage over a large area while freeing up the military for more important tasking. China
is not the only country that does this; Vietnam, the Philippines, and Brunei, among others,
also utilize their countries’ fishermen as a pseudo show of force in contested waters (Zhang,
2016). He then explains how China routinely “deploys its fishermen and [commercial]
vessels to confront other countries’ maritime forces” (Zhang, 2016, p. 65). These fishermen
get a variety of incentives to do this including fuel vouchers and ship building subsidies.
However, it seems that they do little more than “challenge” other vessels in areas perceived

to be in their territory. The government does not provide the MM weapons or law enforcing



ability. Vessels then challenge the MM authority by continually navigating through the
ECS and SCS. The United States routinely patrols these seas and executes (FON) exercises

so as to keep these sea-lanes open.

Though China makes multiple attempts to keep others out of the areas it perceives
as belonging to it, China faces depleting fishery resources in its inshore waters and has
begun taking steps to mitigate this by instituting fishing pauses. These efforts to protect its
own waters lead to China’s fishermen violating laws governing international waters.
(Zhang, 2016). In fact, “29,600 Chinese fishing vessels illegally entered South Korean
EEZs in 2014, up more than sixteen percent from the previous year. China continuously
violates the EEZs of other countries, including South and North Korea, Russia, Indonesia,
and Palau.” (Zhang, 2016, p. 67). China is taking steps to address these violations by
installing Beidou (similar to GPS) on fishing vessels to monitor these vessels in efforts to
keep them out of other country’s EEZs. A tracking device is only useful when it can track,
however. All modern systems, such as Beidou, GPS, and automatic identification system
(AIS), can and commonly are simply turned off by the crewmembers (Zhang, 2016, p.68).
Lack of broadcasting can even be passive due to lack of maintenance or damage to the
system. For these reasons, an enhanced tracking system should be utilized. Such a system
would be independent of the boat’s broadcast and capable of tracking vessels that desire

not to be detected (often known as dark vessels).

Tracking systems can help secure EEZs but can also serve to protect endangered
species. As observed by the Down to Earth (DTE) publication (DTE, 2016), Tanmen
fishermen, the leading MM in China, overharvest giant clams, coral and sea cucumbers.
Convention on International Trade in Endangered Species of Wild Fauna and Flora
(CITES) protect giant clams as a first-class protected animal in China (DTE, 2016).
Unfortunately, these restrictions have not prevented any of the fishermen from causing
massive damage to the giant clam population and their coral reef habitats. There is a strong
possibility that these fishermen alone have essentially caused the extinction of these
creatures in the SCS.



Additionally, the sea cucumber population is rapidly declining. The Australian
Centre for International Agricultural Research recently conducted an elaborate study on
the sea cucumber in hopes of saving this vital commodity from becoming extinct:

In South-East Asia, important sources of sea cucumber are Indonesia, the

Philippines, Vietnam, Thailand and Malaysia, with Singapore and Hong

Kong being major export destinations. The product is popular among

oriental consumers due to its alleged ability to improve vigour and cure

ailments. Sea cucumber aquaculture is a recurring priority in development
aspirations for Asian and Pacific island nations, driven by the depletion of

stocks from overfishing and the subsequent loss of livelihoods and export
dollars. (Hair, Pickering, & Mills, 2011, p. 3)

High demand for these animals causes increased overfishing leading to rising
prices. The allure of rarity causes more overfishing in an endless cycle until irreparable

damage or extinction occurs.

These are just two examples of the endangerment of species due to overfishing;
however, there are many more species that are threatened in these regions. Violators in
these areas need to be held accountable for their impact on ecology and security concerns
of other ASEAN countries. As Hongzhou Zhang, Associate Research Fellow with China
Programme at the S. Rajaratnam School of International Studies, Nanyang Technological
University explains, China should strive to promote a regional aquaculture to offset Asia’s
growing demand for seafood and help deter overfishing (Zhang, 2016, p. 8). A cooperative
information-sharing tool would help these countries enhance regional fishery trade
responsibly. Known violators could be monitored and fined as appropriate or lose

government incentives.

2. Piracy Problem

The sheer geography of the vast SCS is prime for piracy, while the uncoordinated
patrols and lack of resources increase the appeal. This massive area touches Malaysia to
Indonesia which border the Malacca and Singapore straits, which are major international
shipping lanes. A general estimate by the U.S. Energy Information Administration (EIA)
is that 85% to 90% of all the oil imported by China and Japan transits these straits (EIA,
2017). See Figure 1 for geographical representation of the Strait of Malacca. The numbers
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are enticing to criminal pirates who can stalk the cargo ships and seize the oil on board
when the ships are vulnerable, such as when pulling in or out of port or when independently

steaming toward a port.
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Figure 1. Strait of Malacca chokepoint and piracy lane.

Source: EIA (2017).

Piracy is not isolated to one area; neither are only certain ships or cargo targeted.
According to anti-piracy group Oceans Beyond Piracy (OBP), which correlates pirate
attacks from Regional Cooperation Agreement on Combating Piracy and Armed Robbery
against Ships in Asia (ReCAAP), the International Maritime Bureau (IMB), and the
Information Fusion Center (IFC), the Asian region saw 129 incidents in 2016; compared
to 95 events in African waters (OBP, 2017). The focus of militaries seems to be on the
African nations due to the glamorization from Hollywood sources such as the movie
Captain Phillips. The focus needs to be more concentrated in the Asian regions which have
many more incidents. Furthermore, it is not just goods that are being pirated; people are

victims, too. According to Neil Thompson of the Diplomat:
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a total of 185 seafarers were taken hostage, and trending up due to ISIS
numbers in the Philippines, 2016 also saw a surge in lethal violence
affecting the region’s seafarers with over 6,000 incidents and an increase in
death toll. Asia is now being seen as the principal threat to world shipping
it’s unfortunate as two-thirds of global shipping occurs within SEA waters.
In efforts to halt the piracy, Indonesia, Malaysia, and the Philippines agreed
last summer to allow “hot pursuits” of kidnappers and armed robbers by
each other’s maritime security forces into each country’s waters.
(Thompson, N., 2017)

All the piracy in the region is a major concern to Singapore whose economy is
heavily dependent on international shipping. Singapore is a major hub for international
shipping with significant revenue coming from shipping and storing containers. Singapore
has a vested interest in the maritime security of the region and, therefore, is taking the lead
in security. It is very willing and optimistic to coordinate with allies such as the United
States and the United Kingdom (U.K.). Additionally, because of its ideal shipping location,
Singapore has the money and resources that some of the other countries in the region

do not.

How busy can the Port of Singapore be? According to Hiteshk with Marine Insight,
the port “catered to vessels exceeding over one-point-five billion in gross tonnage, making
it the world’s busiest port” (2015). The same report shows that in 2011 the port “handled
almost 30 million Twenty-foot Equivalent Units (TEUs) of containers” and “is categorized
as the world’s most engaged port for transshipment activities” (Hiteshk, 2015). It would
make sense that Singapore is determined not to lose business and is taking the security
issues seriously. Singapore has hosted SEACAT for the past 15 years and the exercise
continues to grow in number of participants and complexity. This last year included
boarding procedures taught by the United States Coast Guard to aid in combating piracy.
McCauley elaborates:

Piracy drains between $7-$12 billion dollars from the economy every

year. Recently, well-armed and organized criminal groups have focused

their efforts on the oil tankers that exit the narrow Malacca and Singapore

straits and venture into the SCS. Here, the territory is vast, law

enforcement’s resources are stretched, and the potential profits are
immense. (McCauley, n.d.)
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Figure 2. Strait of Malacca Pirating Attacks. Source: McCauley (n.d.).

See Figure 2 for different types of attacks in the Strait of Malacca, with some areas
targeted more than others. This financial loss affects not only the ASEAN partners but
United States interests as well. Crude oil shortages due to piracy and hijacking cause
shortages in oil, causing fuel prices to rise worldwide. Ships, in an effort to protect
themselves, may detour from the popular routes, causing them to become more of a target
to pirates or delaying arrival time to transfer ports. This may eventually lead to more delays

and higher prices for consumers in the United States, perhaps replaying the 1979 oil crisis.

3. Energy Crisis Problem

There has been a rapid increase of energy consumption across the world, but as our
ASEAN partners continue expanding their export status with hopes of increasing their
economic advantage, the demand for resources will be relentless. As stated by the
International Energy Agency (IEA), “the ten ASEAN countries represent one of the most
dynamic parts of the global energy system and their energy demand has grown by 60%
over the past 15 years” (IEA, 2017). The appeal to outsource cheap labor to ASEAN
countries from the United States and the U.K. continues to grow causing a strain on an

already stressed energy system.

Though there are many different issues with energy in SEA, this paper will focus

on the oil problem. Currently, many of the countries of SEA are able to use the oil reserves
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they have on hand. China also has significant reserves in the SCS and Spratley Islands.
Unfortunately, these reserves will not be enough for China, given its projected population
growth, or even for the smaller ASEAN countries. The IEA predicts a “trajectory of decline
[in usage], falling from 2.5 mb/d today to 1.7 mb/d in 2040” (IEA, 2017). Despite a decline
in usage and an increase in production from other countries, it is not enough to counter

the usage.

The IEA predicts this scenario 22 years from now, but even a 10-year outlook
should raise concerns. According to the IEA (2017), there will be a decrease in domestic
supply and increasing demand of $300 billion in imports through 2040, 4% of the region’s
gross domestic product (GDP). Oil net imports are expected at 6.9 mb/d totaling
$280 billion (IEA, 2017). One could easily project that the increased demand would have
an effect on the other two socio-economic issues that were discussed. Piracy will become
more enticing, not just to ships attacking vessels at sea but also at the ports where the oil is
unloaded. The demand for fuel can even relate to overfishing as fishing vessels will likely
try to catch as many fish as they can when they are out at sea. Furthermore, local fishermen
may not get the government fuel subsidies they get now, which could cause problems for
the entire fishing industry leading to economic instability and concerns for food availability

to the general population.

See Figures 3 and 4 for the expected growth for energy and fuel consumption in the
region. The cause for concern is not only the increased demand for the ASEAN countries
but the exponential growth of the countries nearby such as China and India, which vastly
outnumber the individual population of the smaller countries. The export and import of oil
could be seen as very lucrative and easy targets for these larger countries. For these reasons,
any tool to aid in protecting these countries’ resources would be useful to them.
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Primary energy demand growth in the New Policies Scenario

India: 26%

Eurasia: 4%

Middle East: 13%
“Africal

China:Z1%

Figure 3.  Global Energy Growth Projections.
Source: SEA Outlook, IEA (2017).
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Source: SEA Outlook, IEA (2017).

These outlooks may appear grim; however, with dedicated measures, they can be
effectively managed. Tools like SeaVision, exercise planning and training, and legal
deterrence, address these issues and empower our ASEAN partners to protect themselves.
The United States will always have a vested interest in the SCS. It is the duty of the
populace not only to maintain FON, support Allies, and protect the environment, but also

to detour the criminals who disrupt the harmony of the oceans.
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Il. LITERATURE REVIEW

A. INTRODUCTION

The maritime domain has become increasingly important to the United States Navy,
our government and our global partners, because of its far-reaching implications regarding
the safe passage of military and civilian vessels. As stated in our predecessor’s thesis, the
maritime domain is a place that, if left unguarded, could harbor illegal entities’ who intend
to bypass laws, disrupt already precarious trade routes, and harm our national security
(Wreski & Lavoie, 2016, p. 7). In the year since that thesis was published, these predictions
have come true. Territorial disputes among various islands in the SCS are a focal point not
only for the United States, but also for China and our ASEAN partners. To put it in
perspective, on a yearly basis, “$5.3 trillion of trade passes through the SCS, $1.2 trillion
is United States trade; more than half of the world’s annual merchant fleet tonnage and a
third of maritime traffic worldwide travel through these waters” (Newswire, 2016). The
substantial financial investments in these waters for all concerned parties warrant a

collaborative approach to the problem.

While our forerunners focused on a concept of operations (CONOPS) applications
to improve MDA in the Commander, 7™ fleet (C7F) area of responsibility (AOR), our goal
is to bridge the gap from theoretical to practical. In Chapter I11 we will introduce a design
to demonstrate the relevancy of these new capabilities to the monitoring of maritime
activities. By creating rules to track specific VOI and leveraging the emerging unclassified
MDA tool called SeaVision, we plan to demonstrate increased information sharing with
coalition partners in an unclassified exercise environment (SEACAT 2018) with partner
nations. This literature review explains all the components needed to accomplish this
design.

Our literature review focuses on research on the MDA programs currently
available. We review different programs’ functionalities in order to show the superiority
of SeaVision to create a follow-on campaign of experiments which would succeed this
initial design. Last, we will explore the joint naval exercises that have used SeaVision, our
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chosen MDA program. This exploration shows that SeaVision has not been used altogether
among our ASEAN partners or within the SCS. This portion of our research comes from
primary sources since the programs and joint exercises have been either recently created
or completed. Although there are numerous MDA programs currently on the market and
joint exercises use some of these technologies and programs, our research shows that our
preferred MDA program, SeaVision, in collaboration with the machine-learning-based tool
Surveillance, Persistent Observation, and Target Recognition (SPOTR), has not yet been
used to increase information sharing and assist our ASEAN partner nations.

1. Naval Exercises

Naval exercises are a valuable tool for leaders to enact scenarios for their units and
staff. Exercises are used to train and prepare personnel for possible future events (Alberts
& Hayes, 2005, p. 56). Each exercise has a purpose with a set of specific supporting
objectives. The Navy employs a diverse range of vessels, systems, and people while
utilizing different tactics, doctrines, procedures and techniques to conduct their exercises
(Alberts & Hayes, 2005, p. 56).

2. Operational and Campaigns of Experimentation

Operational experimentation is similar to a scientific experiment because it has a
hypothesis and some means to measure either the failure or success of the stated hypothesis.
Success or failure in any experiment is important for determining future direction, but for
military operations, these factors are crucial to develop tactics. The director of force
transformation at the Defense Department, Arthur Cebrowski, VADM, USN (Ret.) outlines
the importance in integrating new technology to the warfighter in an experiment as stated,
“there is the ability to perhaps obtain some very early pieces of technology, which we can
then put in the operating forces and see what it means” (New, 2003). He often regarded

this as the co-evolution of technology and tactics.

A campaign of experiments is a set of linked experiments over time. Just as a single
experiment has criteria for entrance (starts) and exit (completions) as the campaign evolves,
a multitude of experiments works independently or in tandem. Alberts and Hayes stated

that this process is empirical and “progress depends upon an accumulation of data and
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analytical findings” (Alberts & Hayes, 2005, p. 18). Without data being accumulated and
sorted properly, the findings from the experiments may be incomplete, hence rendering the
experiment a failure. This thesis will later identify a campaign of experiments that would
eventually ensure improved information sharing in support of MDA for ASEAN countries.

B. SYSTEMIC SOCIO-ECONOMIC ISSUES WITHIN THE PACIFIC
REGION

Fishing is a primary economic driver for many ASEAN countries. Because of the
popularity of fishing both domestically and abroad, anglers have had to travel farther to
meet the demand of their customers. For example, an area within the SCS known as the
Coral Triangle spans 1.6 billion acres and supports the livelihood of 126 million people
(Quilala, 2012). This race for fish is dangerous to the environment and regional economies.
Competition amongst the fishing community results in a drive to continuously lower prices.
This has led to fatal consequences in the SCS, as shown in the Marine Policy Article Under
the shadow: Forced labour among sea fishers in Thailand, where fishermen were forced
into slavery conditions that could lead to their death (Chantavanich, Laodumrongchai, &
Stringer, 2016, p. 1).

Known by multinational organizations such as The Regional Program of Action on
Illegal, Unreported and Unregulated (IUU) Fishing; the ASEAN-Southeast Asia Fisheries
Development Center Strategic Partnership; and the Coral Triangle Initiative (CTI),
atrocities are still occurring all over the SCS (Williams, 2013, p. 259). Combating the
overfishing crisis is important because fishermen play roles outside of simply harvesting
fish. Anglers, according to Hongzhou Zang, continue to play a political and diplomatic
function for their respective countries as seen during the Sino-Vietnamese naval skirmish
in 1974 (Zhang, 2016, p. 65). EEZs in which a country has privileged maritime resources
rights are being tested more than ever. This has led to fears of a diplomatic solution
dissolving into a militarized option since countries have disregarded their neighbor’s
boundary markings (Mak, 2008, p. ii).

Along with slavery, incidents of piracy within the SCS have increased and plagued

the region. Piracy is considered a critical maritime security threat and pirates’ motives have
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evolved from demanding ransom from shipping companies or governments to committing
acts of terrorism to further their political agenda (Amri, 2014, p. 144). Research indicates
that some joint level ASEAN anti-piracy operations have occurred, but none involved all
members of the ASEAN (Amri, 2014, p. 165).

Another concern is the crucial energy reserves embedded in the SCS and the fight
for drilling rights as seen in the Parcel and Spratly Islands where, although China physically
occupies them, Vietnam, Taiwan, Malaysia, and the Philippines all claim them for their
respective countries (Bouchat, 2012, p. 70). Estimates hold that the SCS is home to “130
billion barrels of oil and 900 trillion cubic feet of gas” (Hong, 2013, p. 32), ahead of the
proven reserves of Kuwait, United Arab Emirates, and Russia (Central Intelligence Agency
[CIA], 2017). This lucrative area entices piracy and criminal actions; to combat this,
countries need the proper tools and training, SeaVision is the first practical step.

C. MDA PROGRAMS
1. Current MDA Programs

MDA programs in the unclassified realm for military and civilian users have
become abundant in recent years with the rise of high-speed Internet around the world.
Each program listed in the next section shares a common goal of providing respective users
with the most accurate MDA picture. This area will list the advantages and disadvantages
of some popular MDA programs. The first segment identifies specific MDA programs
maintained by the U.S. government. The second segment describes MDA programs
operated by foreign nations. The final segment details why we have chosen the MDA
program SeaVision, assisted by SPOTR, for our experiment.

While certain MDA programs focus on smaller vessels such as dredgers and fishing
vessels, other MDA programs target large vessels such as shipping vessels. The Container
Security Initiative (CSI) launched by U.S. Customs and Border Protection (CBP) after 9/11
focuses on cargo containers departing from foreign ports with a United States destination.
Administrators use “non-intrusive inspection (NII) technology which includes X-ray
imaging, Gamma ray inspection etc., along with other methods like radiation check”
(Singla, 2016). Another cargo enforcement-strategy program employed by the CBP is the
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Customs-Trade Partnership against Terrorism (C-TPAT). The C-TPAT is a voluntary
program with over 11,400 partners that addresses gaps in supply chain logistics to
implement best practices and security measures (CBP, 2017). However, C-TPAT is limited
by its focus on Canada and Mexico and not our ASEAN partners. Although valuable in
prescreening “over 80 percent of all maritime containerized cargo imported into the United
States,” (CBP, 2014) the CBP is not relevant to our exercise, as we will not be monitoring

vessels departing for the United States.

The Maritime Safety and Security Information System (MSSIS) is an invaluable
tool in fighting drug smuggling, human trafficking, piracy, and global terrorism. The Volpe
Center of the DoT developed MSSIS in 2006 to provide a “low-cost, unclassified, near
real-time network that is used to track vessels as they traverse the world’s waterways”
(DoT, 2017). MSSIS uses the automatic identification system (AIS) from vessels and is
currently used by over seventy countries, and is one of SeaVision’s main data sources
(Foughty, 2015). MSSIS has spread from its intended audiences to the U.S. Naval Forces
Europe-Africa / U.S. 6th Fleet to U.S. Northern Command and U.S. Africa Command
(AFRICOM), but its influence has not yet reached our SEACAT coalition partners
(DoT, n.d.).

Non-United States government entities have also created their own MDA programs
to assist with maintaining MDA in specific parts of the world. SafeSeaNet is one of these
MDA programs. It is a vessel-monitoring and information system used by the European
Union (EU), Norway, and Iceland. It uses AIS along with historical ship positions.
SafeSeaNet proves beneficial in providing the estimated arrival and departure times of
vessels, information on hazardous goods onboard, ship-security information, and all data
on vessels that have been banned from EU ports (European Maritime Safety Agency,
2017). Even though SafeSeaNet provides a multitude of services, the inadequacy of this

system is its geographical limitation to European nations.

The Virtual Regional Maritime Traffic Centre (VRMTC) is a program used to
“compile information for the Maritime Security Awareness (MSA) and to exchange the
Recognized Maritime Picture (RMP) with the countries of the south border of the

Mediterranean during the Multi-cooperative Exercises” (Permanente Cell of the European
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Maritime Force, 2015). VRMTC goes beyond the normal MDA systems by incorporating
forums, chat rooms, and the ability to send encrypted email to other authorized users
(Sabatini, n.d., p. 4). While the VRMTC has been incorporated in exercises, it is limited
by its lack of geographical reach into the SCS, by its requirement for a new country seeking
access to VRMTC to be approved by all the other existing members, and by its inability to

“exchange data among different communities” (Sabatini, n.d., p. 4).

Equasis is a free website dedicated to improving maritime quality and safety. The
European Commission and the French Maritime Administration created Equasis to address
the “lack of transparency in the information relating to the quality of ships and their
operators” (Equasis, 2016). Equasis, launched in 2007, has over 43 million connections
worldwide. Figure 5 shows a map detailing over 830,000 users accessed Equasis between
January 14, 2017 and February 12, 2017, worldwide.
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Figure 5. Equasis user activity. Source: Equasis (2018).

While the numbers of page views may be impressive, no countries that participate
in SEACAT contribute to Equasis. Japan and South Korea are the only two contributing
Asian countries; however, they are not participants in SEACAT. Additionally, the

legitimacy of the data is questionable due to Equasis not validating its authenticity before
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displaying it on the website, and the data is limited to “safety-related information on ships”
(Equasis, 2016).

By comparing the various strengths and weaknesses of these MDA programs,
combined with the fact that CTF 73 wants to use SeaVision during SEACAT 2018, we find
that SeaVision is the best MDA program on the market for our purposes. SeaVision, as
stated by its creator Brendon Providence of the Volpe Center, is a “Google Maps based
marine vessel visualization tool,” which “takes in positional data from various sources and
simultaneously displays them on the same screen in a web browser” (Foughty, 2015). It
incorporates AIS like the MSSIS, but it also incorporates other sensors, such as radar, in
cases where vessels may want to be unseen or are participating in illicit activities.
SeaVision allows feeds of other types of data and also displays near real-time data with
“minimal overhead and multi-browser support” (Foughty, 2015). Additionally, SeaVision
provides only the data and does not try to solve all analytical issues, but it can be used to
support our analysis and that of our partners. According to CAPT. Scot Miller, USN (Ret.):

SeaVision is designed so the user can easily tailor its employment.

SeaVision accepts the vessel’s track without regard for their tasking and

collection process. If someone knew how and why a particular vessel was

tasked and collected on, that might invoke classified sources. Thus, the use

of SeaVision scrupulously avoids this task and collection process. The task

and collect process is part of the overall intelligence process. The use of this

process raises classification issues, and might prevent unclassified

information sharing that SeaVision is designed to promote. (S. Miller,
personal communication, December 30, 2017)

Significantly for this study, CTF 73, who is coordinating SEACAT, wanted to use
SeaVision. Lastly, just like MSSIS, SeaVision access is only granted to nations that are

willing to provide data to SeaVision.

SPOTR, while not a MDA program, can assist with maintaining MDA. SPOTR is
aprogram that is used to detect, identify, and track VVOI, especially non-cooperative targets,
throughout a multitude of environments (Progeny, 2014). Moreover, SPOTR leverages
various sensors including air- and space-based imagery and, in the future, synthetic
aperture radar (SAR). SPOTR, through its sensors, surveils an assigned area of concern

with a fully automatic system. SPOTR works so well that tests have shown that it can even
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distinguish between a set of twins due to contrasting marks, scars, and tattoos (Shachtman,
2011). Since both systems are browser based, we believe that this program can be used as
an overlay on SeaVision’s program to enhance identification of VOI in a specific area in
the SCS. This capability will augment SeaVision with a richer data set.

2. Upcoming MDA Programs

Other MDA programs are currently being tested around the world. Ball Aerospace
and Spire Global, Inc., on behalf of the National Geospatial-Intelligence Agency (NGA),
is developing a program that focuses on the Arctic region. This unnamed system will
leverage AIS data with an infusion of geospatial intelligence (GEOINT) data to “establish
benchmarks in vessel behavior” (Spire Global, Inc., 2017). This may be worth exploring
in follow-on SEACAT exercises.

D. RECENT JOINT EXERCISES/PARTNER BUILDING INVOLVING
SPOTR AND SEAVISION

1. SPOTR

According to Dr. Karsten Steinhauser of Progeny, SPOTR has been used during
multiple U.S. Navy exercises. These include Valiant Shield 2016 (VS-16), Unmanned
Warrior 2016 (UW-16), and Ship-to-Shore Maneuver Exploration and Experimentation
Advanced Naval Technology Exercise (S2ME2 ANTX) in April 2017 (K. Steinhauser,
email to author, October 20, 2017). The SPOTR website homepage also revealed that
SPOTR was successfully implemented during Trident Spectre 2012.

Guam hosted the VS-16 exercise during September 2016. VVS-16 was a biennial
U.S.-only exercise that combined units from the Navy, Marine Corps, and the Air Force to
increase units’ ability to train in a joint environment (Sexton, 2016). Progeny deployed one
unmanned aircraft system (UAS) off the back of a Navy vessel to identify, search, and

detect other vessels in its assigned AOR.

The United States and the U.K. held the UW-16 joint military exercise off the coast
of Scotland in October 2016 (Eckstein, 2016). The UW-16 exercise mission was to increase

the use of unmanned and autonomous systems to increase maritime capabilities
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(Department of Navy [DoN], 2016). Progeny integrated SPOTR with the RQ-21 UAS and
deployed it for ship detection from medium altitudes of approximately 2500 feet mean sea
level (MSL) (DoN, 2016).

The Office of Naval Research (ONR) and Marine Corps held S2ME2 ANTX at
Camp Pendleton, California, during April 2017. S2ME2 ANTX’s mission focused on
clearing assault lanes, command and control (C2), information warfare (IW), weapons fire
support and effects, ship-to-shore maneuver, and amphibious operations (Duffie, 2017).
ONR and the Marine Corps used SPOTR in conjunction with multiple drones sent

simultaneously for intelligence collection over the water.

U.S. special operations, intelligence and law-enforcement personnel held the
Trident Spectre 2012 exercise at Joint Expeditionary Base Little Creek-Fort Story,
Virginia. Its mission was to test and evaluate new technologies, from a tactical perspective.
(Ericksen, 2016). SPOTR was successfully demonstrated during this exercise (Progeny,
2017).

SPOTR uses cutting-edge computer vision technologies combined with a preset
library of vessels of interest (VOI). These background existing images of VOI are used to
construct a three-dimensional model of that VOI to match to incoming new images. So,
SPOTR can be used with images derived from unclassified commercial satellites or with

organically derived naval images from the United States and partner navies.

2. SeaVision

Every year, the U.S. Navy participates in numerous joint exercises with our allies
all over the world. These exercises operate with at least one or more partner nations, such
as Talisman Saber with Australia (Packham, 2017), but may also be multi-national
exercises, such as Saber Guardian, which involves 30 nations and 40,000 service members
(Cronk, 2016). The U.S. Navy has incorporated all of its platforms from submarines,
surface vessels, and airplanes to cyber and space components. Joint exercises involving
MDA as a component have dramatically increased since the U.S. Navy released its
Maritime Domain Awareness Concept in 2007 (Mullen, 2007). These exercises have not

been limited in scope or geography. Although SeaVision is used worldwide, email
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correspondence with Mario Caputo of the Volpe Center reveals that the only naval
exercises he was aware of that utilized SeaVision for the purpose of MDA were the Phoenix
Express, Cutlass Express, and Obangame Express exercises. A 2015 interview with the
creator of SeaVision, Brendon Providence, stated that “outside of regular MDA training,
[SeaVision] is used in four MDA exercises per year” (Foughty, 2015). Mario Caputo’s
emails counter Brendon Providence’s claim of four exercises. We will continue to research,

but at the present time we cannot determine the name of the fourth exercise.

Phoenix Express was an exercise in the Mediterranean Sea that included Turkey,
Croatia, Egypt, Morocco, Italy, Malta, Spain, Mauritania, the Netherlands, Tunisia,
Greece, and Algeria. This exercise is facilitated by U.S. Naval Forces Europe-Africa/U.S.
6th Fleet and sponsored by AFRICOM. Phoenix Express’ MDA portion “respond[ed]
to irregular migration and combat illicit trafficking and the movement of illegal goods
and materials” (DoN, 2017a). Additionally, the exercise focused on search and rescue
operations, improving information-sharing capabilities, and operational capabilities
(DoN, 2017d).

Cutlass Express was a separate MDA exercise sponsored by AFRICOM but
conducted by U.S. Naval Forces Africa. Its participating nations included Turkey, the
Netherlands, Comoros, Denmark, Djibouti, Kenya, Madagascar, Seychelles, Mauritius,
Canada, Uganda, France, and Mozambique (DoN, 2017b). Other participants included the
Eastern Africa Standby Force, EU Naval Forces, IMO and CTF 150. The Cutlass Express
2017 iteration focused on scenarios that included the “interdiction of illicit arms, drugs,
money, natural resources, WMD material, and people that pose a threat to regional stability,
to international partners, or that resource violent extremist organizations (VEO)” (DoN,
2017c¢).

The biggest multi-national exercise that involved SeaVision was Obangame
Express held in March 2017. Sponsored by AFRICOM, Obangame Express held realistic
scenarios throughout the Gulf of Guinea and involved over 30 nations from Africa and
Europe, including the Economic Community of West African States (ECOWAS) and the
Economic Community of Central African States (ECCAS) (DoN, 2017d). While the

Obangame Express mission was similar to the previously mentioned exercises, focusing
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on collective capabilities to counter illicit maritime activity, it was also unique in
testing certain nation’s maritime forces to patrol its respective EEZ. This is valuable to our
thesis because Obangame Express is similar to SEACAT in that it also involves many
countries that differ in cultural values and military priorities. Additionally, the focus on
EEZs is a crucial component to SEACAT, along with the disruption of illicit trading
throughout the SCS.

E. CONCLUSION

We presented a review of the scholarship on the socio-economic challenges, which
include overfishing, piracy, and energy usage in the SCS. We showed how these challenges
impact not only the local economies but also the stability of the region and the world. Due
to the vast size of the SCS, monitoring illicit activities in the SCS is inherently difficult as
nefarious activities continue to proliferate. Enforcers of the law need resources that are

free, unclassified, and easily accessible.

Our research has uncovered various MDA programs’ advantages and drawbacks
and concludes that SeaVision, with the assistance of SPOTR, best meets our objectives.
Investigating past and present MDA exercises that have used SeaVision shows that
SEACAT 2018 will be the first time instance in which participants use SeaVision, bringing
our thesis goal of designing an exercise plan to bridge the gap between theoretical and
practical a reality.
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1. METHODOLOGY

A. VALUE OF EXERCISE PLANNING

The Navy conducts numerous exercises each year and many of those involve
partner nations. In 2017, the U.S. Navy’s Seventh Fleet (C7F) participated in roughly 160
exercises with other countries, including several with Japan’s Maritime Self-Defense Force
(Lendon, Cohen, & George, 2017). The amount of time and effort that goes into planning
a naval exercise is immense and requires substantial coordination and resources from all
involved parties. For example, a carrier strike group costs approximately $6.5 million
dollars every day to operate and requires a crew of 6,700 personnel to man the ships and
aircraft (Thompson, L., 2016). Not every member on board is directly contributing to the
exercise, yet each provides invaluable indirect support to the exercise. The price will
increase with each ship or aircraft added to the exercise. The DoD has the largest military
budget in the world at $824.6 billion for fiscal year 2018 (Amadeo, 2017). Compare that
to Vietnam’s military budget of only $5 billion (Yan, 2016) and you can see that these
budget discrepancies cause our ASEAN partners to be selective about the exercises in
which they participate. Every dollar they allocate toward an exercise must be justified.
These countries must carefully consider how and when they can engage in certain exercises
with the United States.

The Navy receives a significant portion of America’s massive defense budget.
However, a large budget does not fix problems that occur in a task-saturated Navy. While
our military budget is immense, many commentators claim it is too small for the multitude
of missions the military asks its sailors to perform (Lendon et al., 2017). The quest to
achieve mission success in a variety of fields has caused operational tempo to increase at
an inordinate pace. Admiral John Richardson, the Chief of Naval Operations (CNO)
declared in the wake of the loss of service members’ lives onboard the USS Fitzgerald
(DDG-62) and USS John S. McCain (DDG-56) that we can no longer have a “can-do
culture” (Olson, 2017). The U.S. Navy is requested often to aid in humanitarian disasters
or security, but just because funds are available to support these missions does not mean

that to do so is a wise investment. Allocating money to build equipment utilized in these
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missions rather than in securing freedom of the seas is detrimental to the Navy’s mission.
It would behoove the Navy to empower partner nation militaries to deal with their own
security. To begin this transition, the Navy needs to utilize training opportunities and
exercises, and earn buy-in from partner nations. Once foreign nations correlate the benefits
from joint exercises they will see that participation, though costly, has an indisputably high

return on investment, such as in the ability to secure their EEZSs.

For this purpose, countries need to see tangible results, and these results can be
simulated or demonstrated with experiments and exercises. The military, in its approach to
experimentation, is different compared to academic experiments. Academic experiments
are very controlled, longer in duration, allow for variables to be modified, and are peer
reviewed. The Navy, on the other hand, has multiple factors, both internal and external,
that influence the outcome which makes replication of an exercise difficult without
numerous assumptions. These assumptions include the possibilities of different people,
ships, experience levels, equipment and weather conditions from one experiment to the
next. It is for these reasons that documentation and analysis of all data points are vital to
aid in future exercises and decision-making. Multi-national naval exercises are often
documented electronically for record-keeping purposes. This increases the ease of sharing
of the information, and it aids in the post-exercise analysis for future modifications to the
exercise. Moreover, this pushes the military toward a more Network Centric Warfare
(NCW) in which each member of the exercise contributes to the overall network. This
concept is adaptable to the situation, and form the principles based upon the intent of the
objective. In our design, we use NCW based upon the following principles: 1) know the
enemy and the environment 2) gain situational awareness 3) iteratively create commander’s
intent, 4) conduct decentralized execution, and 5) perform self-synchronization (self-
synchronization is a made up phrase used to gain attention; it simply means that if a unit
achieves the previous four principles, it ought to then collaborate independently with other
units of opportunity). These principles build upon one another; you cannot move on to the
next principle without the achieving the preceding principle. Therefore, one experiment is

not enough and that is why constantly running campaigns of experiments is necessary.
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This thesis is part of a multi-year plan. The first year, which has already been
completed, focused on a concept of operations. The second year (current year) focuses on
developing an exercise plan. The third year will test and adjust the exercise plan as
necessary. The fourth and fifth years will analyze objective success as well as incorporate
data into other AOR joint exercises. This year, we have relied on Campaigns of
Experimentation: Pathways to Innovation and Transformation by Dr. David Alberts and
Dr. Richard Hayes for creating our plan. They are both experts in the field with numerous
accolades. Dr. David Alberts has been a DoD adviser and has enhanced the ideas of NCW
and is studied throughout multiple North Atlantic Treaty Organization (NATO) countries.
As Albert and Hayes explain, an analogy can be drawn between networks, an experiment
and a campaign of experimentation. The lone platform has a relatively small value when
compared to a network. Thus, a network is the biggest weapon when establishing your
combat power. (Alberts & Hayes, 2005, p. 3). Considerable time, labor, and finances go
into planning and executing a multi-national naval experiment. It is logical that every idea,
concept and result from ongoing simultaneous experiments are captured to benefit all
current and future participants. Communications, information sharing, and design networks
are crucial to the success of any exercise or mission, while combined exercises ensure the

most effective use of resources.

To effectively use our resources during SEACAT, we want to be as nonintrusive as
possible and will be working closely with the coordinator. As SEACAT typically conducts
boarding exercises, the exercise plan will correspond to a boarding exercise. Once
implemented, our successors will need to determine is the value of this data as well as the
experiment hypothesis “Can a vessel that is not radiating AlS data be found utilizing
different software tools during a joint multi-national exercise?”” In this way, the
undertaking of the series of MDA theses is both an experiment and experimentation
campaign, as the experiment is ongoing with variations in desired outcomes:

Experiments and experimentation campaigns differ in their analytic goals.

Experiments are designed to provide objective testing of a focused set of

questions. Therefore, the environment is tailored to provide the best

conditions for testing these questions. By contrast, campaigns are designed

to provide comprehensive insight across a set of related issues. The various

axes of the campaign employ a range of methods to answer the question
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“Are we addressing all of the important aspects of the problem?”. (Alberts,
Hayes, Leedom, Kirzl, & Maxwell 2002, p. 45)

We want to test that a vessel can be discovered without usual RF signatures utilizing
a combination of SeaVision and SPOTR to aid in vessel identification. To demonstrate the
worth of this data, this and subsequent data will be analyzed over the course of the
campaign of experiments. The eventual goal of this multi-year thesis project will be to
complete automation and even apply predictive analytics for VOI within specific maritime
operating areas to be utilized at SEACAT 2018 and, eventually, implemented by ASEAN
nations in real-world scenarios. Throughout the course of building the experiment, we

attempted to mitigate potential problems and distractors.

To design an effective experiment, one must understand the theory involved. After
the CONOPS was developed, a formation of the information into an activity (an exercise)
was needed. As Alberts and Hayes explain, these campaigns build and enhance interest and
capability on a concept. This allows for experiments to eventually join an experimentation
campaign, allowing for refinement and support for increased understanding over time
(Alberts & Hayes, 2005, p. 22). The information obtained prior to the design of the exercise

is immensely useful for integration into large-scale exercises.

In order for the advancement of exercises over time, a review of past exercises is
important. Lessons and best practices should be documented so that the exercises can be
refined and increased in complexity. For that reason, the design of an exercise is
historically based upon previous exercises. Using previous information saves time and
resources. These concepts are combined, as Alberts and Hayes explain, into a Code of Best
Practices (COBP) these best practices are formed during collaborative efforts between
multiple experiments. These events can happen individually, consecutively, or in parallel.
Regardless of how the experiments run, the COBP aims to connect individual experiments
into a campaign of experiments (Alberts & Hayes, 2005, p. 16). The COBP uses NCW to
explore experimentation and present reasons why adherence to principles are important.
Additionally, NCW represents an information sharing concept, guiding warfighters in
mission effectiveness (Alberts & Hayes, 2005, pp. 2-7). In order to allow for information
sharing best practices, procedures are recorded and replicated in accordance with NCW. In
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developing our exercise plan, we found referencing Albert and Hayes’s COBP diagram
useful in moving from the conceptual phase to the process phase, as the process phase is

where much of our experiment will be taking place.

See Figure 6 for the flow of experiments from initial concept to experiment design.
Time, labor, and finances are all factors considered. The COBP aids in our decision
process. There are several timelines that had to be met to both coincide with academic
timelines and SEACAT timelines. Labor involves the complexity of experiment design and
the repeatability of it. Finances contribute to design consideration as there are limited
resources both on the academic side and the SEACAT side. To limit factors research was
conducted where it was discovered that not only was data for SEACAT difficult to obtain
but overall data for Navy exercises was also difficult to obtain at an unclassified level. The
Navy currently does not have the best record keeping practices; this was the conclusion
reached by the National Archives and Records Administration (NARA) in its 2016
inspection (NARA, 2016, p. ii).
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Because student-led experiments face restrictions to time and budget, it is
unrealistic to travel to multiple areas overseas where exercises are taking place to gather
data. For that reason, additional efforts must be made for information gathering. In
preparation for designing our experiment, we were able to attend, participate in and gather
data from a local 10-day exercise held at San Clemente Island, California. This case study
helped lay the foundation for our design. We obtained information there which can be
applied, modified, and adjusted for the eventual presentation at the initial planning
conference (IPC) for SEACAT 2018 exercise in Singapore. The following section gives a
brief description of the exercise and how we adapted sections to aid in forming our exercise
plan for the SEACAT 2018 exercise. As explained by Alberts and Hayes, it is not
uncommon to work in parallel on the preliminary hypothesis for variables while working
on discovery work for a different hypothesis. Demonstrations can also lead to new
hypotheses. Concepts of information sharing and collaboration are developed during joint
military operations, and are essential attributes in operations (Alberts & Hayes, 2005,
pp. 67-75). No matter what the goal of a current exercise is, since exercises build upon one
another, it may be possible to relate these findings to another concept in a future

experiment.

B. SAN CLEMENTE ISLAND (SCI) MULTI-THREAD EXPERIMENT
(MTX)

This exercise consisted of multiple personnel from various organizations including
Naval Postgraduate School (NPS) and the Center for Network Innovation and
Experimentation (CENETIX) within NPS, various unmanned vessels, special operators,
and project managers. The primary goal of MTX according to MTX logistics document 29
OCT 2017, “is to advance autonomy of a collaborative unmanned vehicle (UxV) Network
Control System in a multi-domain environment. The system will consist of Scan Eagle
(air), SeaFox (surface), Remus 100 (subsurface), Shield Al Quadrotor (air) and Persistent
Systems mesh network equipment” (MTX, 2017). This network can reduce the need for

personnel in dangerous mission areas, potentially saving operator lives.

Air, surface, and underwater semi-autonomous systems worked together to provide

a robust mesh network and situational awareness for special operators. Technical solutions
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determined how these UxVs could best support a tactical mission. The scenario required
an intelligence brief, research questions, methodology, constraints, and key players. Even
though similar experiments had been done before in various places in California, this
particular experiment on San Clemente Island utilized certain equipment for the first time.
This equipment included software for machine learning and a sharable communication tool
called Observers Notepad to increase situational awareness and collaboration. Despite the
new tools, there were still limiting factors such as time constraints. Many of the participants
involved in this exercise had not received detailed briefs before the start of the exercise and
had to learn to use the equipment during the exercise time. We noted several valuable

observations as well as some focused areas for improvement.

1. Observations

The students learned about exercise planning and coordination from attending the
San Clemente exercise. First, establishing a communication plan from the start is
imperative for success during the exercise. The SCI MTX was missing elements of the
communication plan and communication in general was unreliable due to the island terrain.
This lesson will roll into SEACAT with a defined communication plan set up and tested
before the start of the exercise. Many partner nations participating do not have the same
communication protocols as the U.S. Navy; without the capability to communicate during
the exercise, confusion and frustration occurs. Second, there must be contingency plans
that consider uncontrollable factors such as weather or ship maintenance. A capturing of

the data or non-data still adds value to the overall process.

2. Value and Areas of Improvement

The participants all had an information technology (IT) background and that aided
immensely in troubleshooting the mesh network when it encountered problems. The
research 