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Abstract: 
The technologic capabilities of autonomous systems (AS) continue to accelerate, and 
integrated performance by AS and people working together can be superior to that of 
either AS or people working alone. We refer to this increasingly important phenomenon 
as Teams of Autonomous Systems and People (TASP), and through our recent 
research—representing the current state of the art—we have demonstrated 
computational experimentation capability in the TASP domain. This stream of research 
seeks to stay five to ten years ahead of practice, which enables us to anticipate both 
issues and opportunities in an area that remains under researched: C2 of autonomous 
systems. In this technical paper, we build upon our computational experiments to 
address how TASP C2 can be designed for asymmetric advantage, with particular 
emphasis on dynamic design, through which an organization can increase agility and 
outperform otherwise peer or equivalent organizations. In particular, we conceptualize 
five C2 maturity levels and corresponding design archetypes, and we outline key 
conditions and transitions between them for military organization agility, using 
examples from combined manned-unmanned aircraft operations at sea and 
multinational disaster relief. 
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Dynamic C2 Design for Teams of Autonomous Systems and People 
Dr. Mark E. Nissen 

 
Introduction 
The US Department of Defense (DoD), along with the militaries of NATO members and 
other allied nations, has discovered and begun to capitalize upon the value of robots, 
unmanned vehicles and other autonomous systems (AS) for a variety of different 
missions, ranging from search and rescue, through aerial bombing, to Cyberspace 
surveillance. To a large extent, people in such military organizations operate and control 
the AS, much the same way that people in many factories operate and control machines 
for production, assembly and packaging. The AS are basically slaves to their human 
operators. 

The technologic capabilities of AS continue to accelerate, however, and systems 
in some domains have reached the technical point of total autonomy: they can perform 
entire missions without human intervention or control. For instance, in 2001 a Global 
Hawk flew autonomously on a non-stop mission from California to Australia, making 
history by being the first pilotless aircraft to cross the Pacific Ocean (AMoD, 2001). As 
another instance, in 2013 a Northrop Grumman X-47B unmanned combat air vehicle 
successfully took off from and landed on an aircraft carrier underway at sea (BBC, 2013). 

This elucidates many emerging issues in terms of command and control (C2). 
Who, for instance, commands and controls unmanned aircraft when they fly 
autonomously? Clearly there are operators who monitor such vehicles, and there are 
commanders who authorize their missions, but the mission itself is conducted 
autonomously, and it remains somewhat unclear whom to hold accountable (e.g., the 
commander, the operator, the engineer, the manufacturer) if something goes wrong or 
whom to credit if all goes well. 

Further, as technologic sophistication continues to advance rapidly (e.g., in 
computational processing, collective sense making, intelligent decision making), a wide 
array of diverse robots (e.g., in hospitals; see Feil-Seifer & Mataric, 2005), unmanned 
vehicles (e.g., for highway driving; see Muller, 2012) and other intelligent systems (e.g., 
for industrial control; see McFarlane et al., 2003) continue to demonstrate 
unprecedented capabilities for extended, independent and even collective decision 
making and action (e.g., offensive and defensive swarming; see Bamberger et al., 2006). 
Indeed, the technologic maturity of many AS available today (e.g., UCLASS – Unmanned 
Carrier-Launched Airborne Surveillance and Strike; see Dolgin et al., 1999) exceeds the 
authority delegated to them by organizations and leaders; that is, their performance is 
limited more by policy than technology (e.g., see DoDD 3000.09, 2012). 

In many skilled mission domains and under demanding environmental conditions 
(e.g., tactical surveillance; see Joyce, 2013), AS are replacing people at an increasing rate 
(e.g., unmanned vs. manned aircraft sorties; see Couts, 2012). These machines can 
outperform their human counterparts in many dimensions (e.g., consistency, memory, 
processing power, endurance; see Condon et al., 2013), yet they fall short in other ways 
(e.g., adaptability, innovation, judgment, ethics; see HRW, 2012). Task performance by 
AS is optimal in some situations, and performance by people is best in others, but in 
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either case, the respective capabilities of autonomous machines and people remain 
complementary. As such, integrated performance, by complementary autonomous 
systems and people working together, can be superior in an increasing number of 
circumstances, including those requiring skillful collective action (Nissen & Place, 2013). 

Hence there is more to this trend than simple technologic automation of skilled 
work by machines (e.g., numerical control machining) or employment of computer tools 
by skilled people (e.g., computer aided drafting). Indeed, under some circumstances, 
organization performance is superior when people work subordinate to AS (e.g., robot 
supervisor; Bourne, 2013) than when working alone or controlling them. Likewise, under 
other circumstances, military units operate more effectively through organization 
integration1 of people and AS into combined units (e.g., integrated manned and 
unmanned aircraft squadrons; CFFC, 2014). Where autonomous systems and people 
collaborate together in coherent teams and organizations, we refer to this increasingly 
important phenomenon as Teams of Autonomous Systems and People (TASP). 

In great contrast with the huge effort expended to investigate the technologic 
characteristics, developments and advances of autonomous systems, a dearth of 
research addresses the corresponding C2. This is despite the quintessential importance 
of C2 and the fact that our current C2 strains under the load of having even two 
unmanned aircraft systems (UAS), for instance, flying simultaneously in common 
airspace. Exacerbate such load with large numbers (e.g., swarms) of UAS, then 
exacerbate it further with missions that integrate manned and unmanned aircraft, and 
one realizes quickly that our contemporary C2 organizations and approaches are likely 
to fail even in less complicated conditions today. 

This is where our ongoing research project continues to make an important 
contribution. This stream of research—representing the state of the art (see Levitt et al., 
1999)—seeks to stay five to ten years ahead of practice, which enables us to anticipate 
both issues and opportunities in TASP C2. In this technical paper, we build upon 
substantial prior research to address how TASP C2 can be designed for asymmetric 
advantage, with particular emphasis on dynamic design, through which an organization 
can increase agility and outperform otherwise peer or equivalent organizations. 

In particular, we conceptualize five C2 maturity levels and outline key conditions 
and transitions between them for military organization agility, using examples from 
combined manned-unmanned aircraft operations at sea and multinational disaster 
relief. Resulting insights enable us to characterize dynamic C2 design in terms of 
organizationally feasible archetypes and transitions, which in turn can inform situated 
Commander’s intent and guide its subsequent timely staff and subordinate 
implementation, as a road map for advanced Fleet procedure, training and operations. 

  

                                                 
1 For instance, HSM-35, located at NAS North Island, has been organized and configured to manage and 
support both the FireScout UAS and the MH-60 aircraft (e.g., integrated technicians and operators have 
been trained to maintain and operate both systems). Additional information and guidance is available in the 
USFF/CNAF UAS Concept of Operations. Nonetheless, several questions remain: Is such integration a 
good idea? On what science is it based? What are the comparative advantages and disadvantages? How 
could it become even more effective? 
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Background 
Through considerable prior research in the domain of unmanned air vehicles (UAVs) and 
unmanned aircraft systems (UAS) employed for maritime operations (Nissen & Place, 
2013; Nissen & Place, 2014), we have demonstrated how computational 
experimentation offers an unmatched yet largely underexplored potential to address C2 
questions along these lines. Computational models have been developed to represent 
the most important aspects of organizations with existing, planned or possible TASP 
benefits, and such computational models have been developed and validated to 
represent virtual prototype C2 organizations that can be examined empirically and 
under controlled conditions through efficient computational experiments (e.g., see Oh 
et al., 2009). 

This prior research employs the agent-based model POWer, which in this present 
study captures and reflects the structure, behavior and performance characteristics of 
C2 organizations in the Commander Task Group (CTG) environment. We use POWer 
systematically, via computational experimentation, to examine alternate C2 approaches 
and AS capabilities—both as available today and projected well into the future—in the 
context of understanding TASP opportunities, alternatives and decision spaces.  

The computational experiment design centers on two orthogonal dimensions: 1) 
autonomy and 2) interdependence. On the autonomy dimension we account for the 
technological sophistication of the UAVs (Degree 0 – 5). Such sophistication spans six 
distinct degrees of AS capability—ranging from Degree 0 – no autonomy (i.e., manned 
aircraft) to Degree 5 – future capability (e.g., AS matching or exceeding manned 
capabilities)—corresponding to both current and potential ship and aircraft platforms 
(i.e., CVN, DDG, LCS, F/A-18, MH-60, Scan Eagle, Fire Scout, Triton, Future AS). On the 
interdependence dimension we account for the interdependence between multiple 
aircraft in concurrent operation (pooled, sequential, reciprocal, integrated), including 
manned-only, unmanned-only and integrated manned-unmanned missions. For 
instance, consider the nature of a mission—and its corresponding C2 requirements and 
complications—with an unmanned wingman flying alongside a manned aircraft leader, 
or symmetrically, consider a manned pilot flying as wingman alongside his or her 
unmanned aircraft leader.  

With these two dimensions, we can consider—in a systematic and empiric 
manner—a 6x4 matrix of increasingly complex TASP C2 contexts, which comprise 
collectively our set of experiment conditions. We summarize this context matrix in Table 
1. At the one extreme, we consider two manned aircraft that are deployed in separate 
geographical regions of controlled airspace (e.g., within the vicinity of the host ship) or 
in the same geographical region but at different times. This corresponds to Degree 0 
autonomy with pooled interdependence (i.e., labeled “D0P” in the table). At the other 
extreme, we consider a squadron of completely autonomous UAVs and a squadron of 
manned aircraft flying integrated missions in uncontrolled airspace. This corresponds to 
a group of Degree 5 UAVs reflecting both reciprocal interdependence among 
themselves and integrated interdependence with their manned aircraft counterparts 
(i.e., labeled “D5I” in the table). Each of the key intermediate conditions (i.e., Degree 0 
to Degree 5 autonomy, across all four interdependence conditions) is examined 
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systematically also for completeness. This matrix summarizes our computational 
experiment design. 
 

Table 1 TASP C2 Computational Experiment Design Summary 

Degree\Interdependence Pooled Sequential Reciprocal Integrated 
Degree 0 D0P D0S D0R D0I 
Degree 1 D1P D1S D1R D1I 
Degree 2 D2P D2S D2R D2I 
Degree 3 D3P D3S D3R D3I 
Degree 4 D4P D4S D4R D4I 
Degree 5 D5P D5S D5R D5I 

 
Each cell in the table is represented by a separate computational model. After 

development and validation, each model is simulated 50 times, across eight 
performance dimensions, to create a substantial analytic space. Performance 
dimensions include mission duration, rework, coordination, wait, functional risk, mission 
risk, and maximum backlog. The interested reader is directed to Nissen & Place (2014) 
for details and results. 

Figure 1 delineates a screenshot of our baseline CTG organization and platform 
set. The light (green) person icons represent organizations at four levels (i.e., CTF, CTG, 
Platform [e.g., DDG, LCS], Aircraft Operators [e.g., F/A-18, MH-60]). The dark (brown) 
rectangle icons represent operational leadership, decision making and staff work in 
addition to common tasks (e.g., planning, maintenance, air traffic control), whereas the 
light (yellow) rectangle icons represent the aircraft ISR mission tasks: each aircraft must 
take off, navigate to its area of interest, operate in ISR mode, and then return to the 
ship for landing or recovery.  

Organizations and tasks are represented at appropriate levels: sufficiently low to 
capture the important structural and behavioral dynamics, but sufficiently high to 
abstract away details that do not impact the results in terms of TASP C2. In this baseline 
model, two (manned) MH-60s operate from one or more DDG platforms and are 
assigned to fly ISR missions (e.g., visual identification and surveillance) in separate 
airspaces (i.e., D0P: Degree 0 autonomy, pooled interdependence). 

At the lowest level in the organization lies an array of diverse manned 
(light/green) and unmanned (dark/blue) aircraft. F/A-18s (Degree 0) are assigned to the 
CVN. MH-60s (Degree 0) are assigned to one or more DDGs and LCSs as well as the CVN. 
ScanEagles (Degree 1) are assigned to the DDGs, and FireScouts (Degree 2) are assigned 
to the LCSs. Tritons (Degree 3) are examined as an asset from beyond the CTG itself 
(e.g., controlled by the CTF), and we examine two future AS (Degree 4 & 5 UAVs). The 
interested reader can refer to Gateau et al. (2007) for detailed explanations for all key 
model links and parameters and to Nissen & Place (2014) for details of all models 
examined through this study. 
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Figure 1 Baseline Model (D0P) – DDG MH-60s 

Through considerable subsequent research (Place & Nissen, 2015), we then 
identify several technology trends suggesting that unmanned aircraft may be diverging 
instead of converging in terms of operating and behaving increasingly like manned 
aircraft, developing their own, unique modes of operation and sets of behaviors. 
Indeed, other recent research elucidates how some such modes and sets may make 
integration of manned and unmanned aircraft more challenging, not less, and we 
explore the next generation AS through six primary themes: 1) technology, 2) 
programmatics, 3) education and training, 4) culture, 5) operations, and 6) strategy. 

Additional follow-on research (Nissen & Place, 2016) expands in turn our C2 
computational modeling and simulation capability to address the properties and 
behaviors of such next generation unmanned aircraft systems, with particular emphasis 
on specifying even more advanced models for computational experimentation. This 
helps us to identify a number of novel C2 organizations and approaches (e.g., 
Collaborative, Edge) that offer considerable promise in terms of addressing next 
generation AS capabilities and trends, particularly as they pertain to asymmetric 
advantage and dynamic C2 design.  

 
Research Method 
In this focused study, we build upon results of our prior work summarized concisely 
above, and we leverage additional research that integrates C2 with Organization and 
Management Theory (OMT) to conceptualize dynamic C2 design in terms of design 
archetypes, C2 maturity, and organizationally feasible transitions. This present study is 
principally analytic in nature, centering on mapping concepts and techniques from 
organization design to consider the dynamics of design in the C2 domain. 

 
Results 
In this section we present the key findings and results of our current research. Building 
upon the background research summarized above, we address dynamic C2 design. This 
begins with articulation of a multidimensional approach space for visualizing and 
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analyzing different C2 designs. The discussion continues with conceptualization of five 
C2 design archetypes, which we follow by addressing dynamic C2 design directly.  
 
Multidimensional Approach Space 
Drawing heavily from Alberts and Nissen (2009), we articulate a multidimensional 
approach space for visualizing and analyzing different C2 designs. By approach space, 
we also mean design space, and we use the terms C2 approach and C2 design 
interchangeably; that is, a C2 approach reflects a C2 design, whether such design is 
explicit or implicit (e.g., designed purposefully or reflecting practical default, 
respectively). The three dimensional approach space depicted in Figure 2 can be used to 
describe a wide variety of C2 designs (e.g., different approaches to accomplishing the 
functions associated with C2 for a diverse set of divisions, departments, teams, 
organizations or collectives). The three dimensions that form the C2 Approach Space are 
depicted graphically as orthogonal. 
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Figure 2 C2 Approach Space (Adapted from Alberts & Nissen, 2009) 

 
The Allocation of Decision Rights (ADR) dimension can be considered from either 

the perspective of a single organization (e.g., command, ship, fleet) or a collection of 
entities (e.g., joint task force, coalition task force, humanitarian or disaster relief effort). 
Clearly the distinction between a single organization and a collective is not sharp (e.g., 
even a single organization such as a command represents a collection of entities such as 
departments, divisions and branches), but it is useful to understand the breadth of 
application to multiple organizations banding together (even loosely) toward some 
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(even only partially) shared objectives. Generally we try to make clear when referring to 
C2 of a single organization versus a collective.  

The end points of ADR are “none” and “broad,” indicating no delegations of 
authority and, respectively, complete authority delegation. The Patterns of Interaction 
(PoI) dimension spans a continuum from “highly constrained” to “unconstrained,” while 
the Distribution of Information (DoI) dimension spans a spectrum from “none” to 
“broad.” 

Theoretically the three dimensions are independent and orthogonal, but 
practically the design settings of one tend to influence the settings of others. The closer 
to “none” that a C2 design falls on the ADR scale (i.e., left part of the approach space), 
for instance, the greater the likelihood that PoI and DoI will cluster together toward 
“highly constrained” (i.e., lower part of the approach space) and “none” (i.e., front part 
of the approach space), respectively, in practice.  

Such clustering is depicted in Figure 2, where the left-lower-front area of the 
approach space reflects a C2 design that represents the traditional military organization. 
Quite typically, most military organizations concentrate power and authority in their 
commanders (i.e., ADR is very limited); organization departments, divisions and 
branches are divided vertically and do not interact extensively (i.e., PoI is very 
constrained); and information flows vertically along highly centralized communication 
channels (i.e., DoI is very narrow).  

Although traditional, clearly this is not the only way to design C2 for a military 
organization. Indeed, theoretically any point within the C2 design space can be used to 
do so. In practice, however, C2 designs tend to cluster at specific design points where 
the three dimensions cohere together and complement one another. As a contrasting 
instance, notice the design in Figure 2 labeled “Edge Organizations” at the right-upper-
rear corner of the approach space. This delineates broad ADR (e.g., extensive delegation 
of authority), unconstrained PoI (e.g., various organization departments, divisions and 
branches interact horizontally across boundaries), and broad DoI (e.g., information is 
shared freely across the organization).  

Notice this reflects a C2 design representing an approach that is dramatically 
different than the traditional military organization discussed and delineated above. 
Nonetheless, the Edge C2 design can prosper in situations where the traditional military 
organization struggles, and vice versa (Gateau et al., 2007). Further, as noted in our 
previous research, there is no single C2 design that is most appropriate for all missions 
and environments at all times (Nissen & Place, 2016), and many different C2 designs can 
be achieved by any particular organization (Alberts & Nissen, 2009). Indeed, each point 
is unique, but several C2 designs are prominent and revelatory.  
 
C2 Design Archetypes 
Continuing to draw from Alberts and Nissen (2009), in this section we conceptualize five 
C2 design archetypes, and we use the approach space for their visualization and 
analysis. Each archetype corresponds to a particular C2 design, which we conceptualize 
by changing all three approach space variables (i.e., we vary ADR, PoI and DoI). These 
five archetypes are called 1) Conflicted C2, 2) Deconflicted C2, 3) Coordinated C2, 4) 
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Collaborative C2 and 5) Edge C2. Each is unique theoretically and can be related to a C2 
design in practice. As a set they comprise a useful and distinct collection of reference 
points. 

Figure 3 plots the five archetypical C2 designs according to the three axes 
depicted above. Point A corresponds to Conflicted C2 and occupies an extreme point on 
the left-lower-front corner of the space (i.e., no allocation of decision rights, completely 
constrained patterns of interaction, no distribution of information). Another way to 
think about the Conflicted design is in situations where there is no deliberate C2: no one 
person (or individual organization) is leading, organizing and managing (e.g., no decision 
rights have been allocated to a leader); every participant is acting in her or her (or its) 
best interest (e.g., no participant is willing to compromise, sacrifice or suboptimize for 
the benefit of the organization (or collective) as a whole); people (or individual 
organizations) are not trying to interact or exchange information with others (e.g., every 
participant acts autonomously and self-servingly); and the various participants are likely 
to be in conflict in terms of their individual goals and activities (e.g., participants are 
likely to compete for scarce resources and interfere with one another’s activities). 

 

C2 Approaches
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Figure 3 C2 Approach Space (Adapted from Alberts & Nissen, 2009) 

 
Although such an extreme C2 design is unwelcome in practice (esp. because 

conflict impedes organization efficacy), this archetype represents an important theoretic 
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design for comparison with others. It also represents an important practical design in 
terms of transition, which we address via dynamic C2 design below.  

The Deconflicted C2 archetype is plotted very near its Conflicted counterpart, 
but it is not situated on Point A exactly: although it is plotted very near the vertex, this 
design reflects some distance from the corner point in terms of ADR, PoI and DoI. Unlike 
its Conflicted counterpart, this C2 design reflects some allocation of decision rights (e.g., 
there is a designated leader that is accepted and followed by others), some patterns of 
interaction (e.g., various participants engage deliberately with others), and some 
distribution of information (e.g., various participants exchange information deliberately 
with others).  

Nonetheless, decision making is kept very centralized, patterns of interaction 
reflect minimal overlap, and information distribution is limited, but the organization is 
able to keep its people and processes out of conflict with one another. One can think of 
this as the minimal level of C2 for efficacy, which sets it apart practically from its 
Conflicted counterpart. Further, although this design is theoretic, notice how it maps 
closely to the traditional military organization described and delineated above. We 
return to such mapping below.  

With respect to the Deconflicted design, the Coordinated C2 archetype is 
delineated still further away from Point A along all three dimensional axes. Hence it 
reflects broader ADR, less constrained PoI, and more expansive DoI than either its 
Conflicted or Deconflicted counterparts. As such, this third archetypical C2 design 
incorporates more delegation of authority, more cross-functional interaction, and more 
information sharing than the others. In addition to enabling the organization to resolve 
conflicts, its various participants are also able to coordinate their activities, which sets it 
apart practically from its Deconflicted counterpart. 
 The Collaborative C2 archetype is delineated still further away from Point A than 
the Coordinated design. Hence it reflects even broader ADR, even less constrained PoI, 
and even more expansive DoI than its Conflicted, Deconflicted and Coordinated 
counterparts. As such, this C2 design incorporates abundant delegation of authority, 
extensive cross-functional interaction, and pervasive information sharing. In addition to 
enabling the organization to resolve conflicts, and in addition to enabling various 
organization participants to coordinate their activities, they can plan, interact and 
operative collaboratively, which sets it apart practically from its Coordinated 
counterpart. 
 Finally, the Edge C2 archetype is delineated at the opposite corner from Point A 
(i.e., near Point H). Hence it reflects complete ADR, unconstrained PoI, and unlimited 
DoI. As such, this C2 design reflects a meritocracy, in which leaders emerge and subside 
on occasion as conditions require; organization boundaries such as departments, 
divisions and branches cease to exist; and all information is available to all organization 
participants at all times. This set of conditions sets the Edge C2 design apart 
theoretically and practically from all of its counterpart archetypes. Clearly it reflects an 
extreme approach to C2.  

Notice the C2 design archetypes depicted in the figure appear to progress along 
a rough diagonal from Point A to Point H; that is, as the C2 design progresses from 
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Conflicted, through Deconflicted, Coordinated and Collaborative, to Edge C2, their 
corresponding positions in the C2 Approach Space shift, almost linearly, from the left-
bottom-front to the right-top-rear corners of the space. Theoretically we can 
conceptualize myriad designs that lie off of this rough diagonal, but in practice C2 
designs tend to cluster along it, and they tend to mirror one or more of the five 
archetypes delineated in the figure. 

The reader will note that each C2 design archetype delineated in Figure 3 is 
represented as a rectangular region within the C2 design space. Although we refer to 
each archetype in terms of a “design point,” we allow for the possibility that numerous, 
highly homogeneous yet somewhat distinct, specific C2 designs will cluster within—and 
hence collectively instantiate—each archetype. This also makes sense in practice, as 
many organizations may pursue and implement C2 designs that are highly similar yet 
not exact replicas. Each design and corresponding archetype represents a theoretic 
concept. C2 designs in practice will resemble and cohere with some archetypes more 
than others. 

The ability of an organization (or a collective) to move through the C2 Approach 
Space is related to the concept C2 maturity (SAS-065, 2008). The more capable that an 
organization becomes in terms of C2, the further away from Point A it is able to operate, 
and the more challenging mission-environment conditions it can handle effectively. This 
is related closely to agility: the ability of an organization (or a collective) to alter its C2 
approach and handle a variety of shifting missions and environments.  

Of course, increased maturity and agility come at a cost: not only must an 
organization expend considerable time and energy to transition from one C2 design to 
another, but speaking generally, the higher the C2 design, the greater the organization 
effort required. Much time and effort are require to lead, organize and manage (i.e., 
conduct C2 for) a Collaborative or Edge organization (or collective), for instance, which 
reflects near complete delegation of authority, tight and continuous interactions across 
entities, and complete sharing of information. Contrast this with a Deconflicted C2 
design, as an opposing instance, which reflects centralized authority, limited interaction 
across boundaries, and vertical information flows. 

Moreover, the higher the maturity level, the greater the variety of C2 designs 
that are possible. A Level 2 maturity organization, for instance, can operate in only one 
C2 mode (other than Conflicted): Deconflicted. Alternatively, a Level 4 maturity 
organization, as another instance, can operate in three (nonconflicted) modes: 
Deconflicted, Coordinated or Collaborative. Such multimodal capability can increase 
organization agility, but it comes at a cost. Think analogously about a multimode tool 
such as a Swiss Army Knife versus a unimode device like a butter knife: the multimode 
tool can perform more functions (e.g., cutting, screwing, uncorking) but likely costs 
more than its unimode counterpart. Likewise, a high maturity C2 organization can 
handle more shifting missions and environments but is likely to be more costly to 
operate than its low maturity counterpart. 
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Dynamic C2 Design 
In this section we discuss dynamic C2 design in some detail. We begin with an overview 
that includes a practical illustration. We follow this with rules and guides for transition 
from one conventional C2 design to another, and we include an illustration pertaining to 
dynamic C2 design in a manned-unmanned aircraft context within the US Navy. Then we 
outline a set of rules and guides for transition from one unconventional C2 design to 
another, which includes a disaster relief illustration.  

The term dynamic connotes change through time, whereas its counterpart static 
connotes temporal stability. When we consider C2 design as above, we speak principally 
about static design; that is, we design C2 for an organization via dimensional settings 
such as ADR, PoI and DoI, and we expect for such organization to operate accordingly 
for a long time, if not forever. Take the traditional military organization discussed above, 
for instance: the narrow ADR, constrained PoI and limited DoI have represented 
quintessential aspects of C2 since the dawn of military organization. Hence the 
corresponding C2 design is static. 

However, as noted above, no single C2 design is most appropriate for all 
missions and environments at all times. Consider a multinational disaster relief effort, 
for instance, such as the response to the tsunami, generated by a magnitude 9.2 
offshore earthquake, that struck Indonesia in 2004. In response to the devastation, over 
3500 NGOs (non-government organizations) came to help the many thousands of 
Indonesian people who were without food, water, shelter or power (SAS065, 2008).  

The Indonesian Government had lost nearly all of its C2 capability, and it was 
clearly not in charge of the relief effort. Neither was the US Military, which had a 
presence in Banda Aceh along with units of several other nations’ militaries, nor was any 
one of the NGOs in charge. Quite the opposite: no one was in charge, and each 
individual organization was pursuing its own goals and activities independently, even 
while conflicting with those of other organizations (e.g., with multiple doctors or other 
relief workers converging redundantly on the same village, while other villages were left 
unattended).  

Here we’re referring to C2 for the collective of organizations assembled to assist 
with disaster relief. Each individual organization was operating in the context of its 
particular C2 approach (e.g., the Indonesian Government reflected Conflicted C2; the US 
Military organization reflected Deconflicted C2; Doctors without Borders reflected 
Coordinated C2), but the overall relief effort (i.e., associated with the collective of such 
individual organizations) reflected Conflicted C2: no one was in charge of the collective 
as a whole, and many of the goals and activities of such collective were in conflict, with 
no C2 in place collective-wide to obviate or resolve the conflicts. 

 This represents a situation in which the traditional military approach to C2 (i.e., 
Deconfliction) may not serve the mission best—or even be feasible—because this 
approach requires someone to be in charge, or if no one is in charge, then all of the 
participants must at least agree on a common deconfliction plan. Deconflicted C2 
represents higher maturity than the Conflicted approach, hence it would enable the 
relief effort to handle the associated chaos better and be more effective. Had the 
Indonesian Government, for instance, been able to reestablish itself as an authority and 
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resource capable of planning, directing and participating in the relief effort, then it 
might have been able to establish a Deconflicted C2 approach, and as the sovereign, the 
various military units and NGOs would have been obliged to agree and adhere to its 
approach. The government was unable to do so, however.  

Alternatively, were the US Military, as another instance, to attempt taking 
charge and leading the relief effort in its entirety, then it would most likely have failed 
also: very few if any NGOs feel compelled to listen to—much less take orders from—a 
military organization. The US Military certainly had established Deconflicted C2 for its 
own organization, but it would have been quite a challenge to impose such C2 on the 
rest of the relief collective.  

Perhaps the US and other participating nations’ military units could have agreed 
upon a common deconfliction approach (e.g., based on geography), and hence achieved 
Deconflicted C2 for the military units, but unless the NGOs were part of the discussion 
and agreement, then only the military part of the relief effort would have reflected 
Deconflicted C2, with the remaining majority of organizations in the collective centered 
on Conflicted C2 still. 

Hence although Deconflicted C2 made sense (e.g., due to higher maturity) and 
was possible in theory, in practice such C2 design was infeasible for the large collective, 
particularly in transition from its Conflicted state. In contrast, given its wide open and 
unconstrained nature, an alternate C2 approach such as the Edge, which reflects the 
highest maturity, may have fit considerably better, because of its emergent, situated 
and ephemeral leadership, for instance.  

Thus, we see a need for transition from one C2 design or approach to another, 
yet not all transitions appear equally feasible in practice (e.g., Conflicted to Deconflicted 
seems infeasible for an ad-hoc collective). Clearly this represents an unconventional and 
extreme case illustration, but it elucidates well the underlying need for dynamic C2 
design. Even more conventional and common cases, such as military organizations from 
different nations adjusting their C2 for coalition operations, for instance, can necessitate 
dynamic C2 design. 

Concisely, the idea of dynamic C2 design is for an organization to shift from one 
C2 approach to another—perhaps even temporarily, in response to a mission change or 
natural disaster, for two instances—as diverse missions and environments necessitate. 
Drawing from our C2 approach space and archetypes, a first step toward such dynamic 
design is to recognize the five different C2 design archetypes, to understand the 
mission-environment conditions in which each fits best, and to learn how an 
organization can shift back and forth between them. Indeed, as our disaster relief 
example elucidates, in something of a Markov sense, an organization’s current C2 design 
appears to constrain which alternate designs are possible in terms of transition.  

This varies a bit depending upon whether an organization is engaged in 
conventional versus unconventional C2 designs and transitions. For purposes of this 
discussion, three C2 design archetypes are included in the conventional category: 
Deconflicted, Coordinated and Collaborative. This is because each of these designs is 
comparatively common and familiar to organization theorists and leaders, and because 
the transitions between them are relatively straightforward and linear. The two 
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unconventional archetypes are Conflicted and Edge. These are less common and 
familiar, and the transitions are comparatively complex. We begin with the 
conventional.  
 
Conventional C2 design transitions. Drawing further from theory (Alberts & Nissen, 
2009), once an organization has established Deconflicted C2, then it can work to 
increase its maturity level and operate in higher C2 modes (e.g., Coordinated, 
Collaborative). One technique is to progress incrementally along the rough diagonal 
(e.g., increasing maturity levels) noted above in terms of the C2 design space. For 
several instances, it can broaden ADR, loosen PoI constraints, and expand DoI to 
transition from Deconflicted to Coordinated C2; after which it could further broaden, 
loosen and expand to transition from Coordinated to Collaborative C2. These represent 
logical and incremental transitions. 

In theory, the organization could continue its broadening, loosening and 
expanding to reach the Edge C2 design, and then transition back through one or more of 
these other archetypical C2 designs to reach Deconflicted again. Likewise, in theory, the 
organization could (not that it would want to) transition down to Conflicted and back. In 
practice, however, as noted above, these last two transitions would be highly 
unconventional. 

If we assign Roman numerals to the five archetypical C2 designs (i.e., I – 
Conflicted, II – Deconflicted, III – Coordinated, IV – Collaborative, V – Edge), then we can 
depict the transition paths outlined above as follows:  

(1) I  II  III  IV  V 
(2) V  IV  III  II  I 

Path (1) depicts the transition from Conflicted all the way to Edge, and Path (2) depicts 
the reverse transition from Edge all the way back to Conflicted. As noted above, 
however, both such complete paths are possible in theory but challenging in practice. 
Focusing instead on the conventional C2 designs and transitions, we shorten the paths 
by truncating both end points (i.e., I, V) to depict Paths (3) and (4). 

(3) II  III  IV  
(4) IV  III  II  

Moreover, if both of these conventional paths are possible and feasible in total, then 
any of the constituent subpaths (i.e., II  III, III  IV, IV  III, III  II) are too. Hence we 
have outlined the set of four feasible, conventional transitions. 
 This nascent theory suggests further that an organization cannot skip transition 
steps along these paths, for the distance (e.g., consider the degree of organization 
change required and disruption experienced) is too great. For instance, the transitions II 
 III and III  IV are feasible, as are their reverse transitions, but II  IV and IV  II are 
not, because they skip a step. Thus, if an organization finds itself in a design of 
Deconflicted C2, for instance, and it desires to transition to a considerably higher design 
(e.g., Collaborative), then its first transition must necessarily be to Coordinated (i.e., II 
 III). Now we’re able to plan dynamic C2 design in terms of three steps: 
 Step 1. Observe your current C2 design (C2c). 
 Step 2. Identify your desired C2 design (C2d). 
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 Step 3. Transition incrementally from C2c <through C2n> to C2d. 
The first step is to fix an organization’s current C2 design (e.g., Deconflicted). The second 
is to identify its desired design (e.g., Collaborative). The third is to transition through 
one or more incremental steps (e.g., II  III, III  IV) from the current to the desired 
design. 

For illustration, say that a US Military organization (e.g., a CTG) reflects 
Deconflicted C2 in terms of (manned and unmanned) aircraft operations at sea. As 
noted in prior research (Nissen & Place, 2016), this implies that no two UASs can 
operate in the same airspace at the same time (i.e., the C2 deconflicts airspace-time). 
Likewise, as such, no UASs may operate in the same airspace-time as manned aircraft, 
although manned aircraft operate in common airspace-time routinely. Say, however, 
that a new mission requires contemporaneous airspace operations (e.g., multiple 
unmanned and manned aircraft flying together), and the military organization can 
benefit by increasing its maturity and transitioning to a higher C2 design (e.g., 
Coordinated or Collaborative). We can follow the steps above, and utilize our transition 
map, to assist the Commander in expressing intent and to guide the Commander’s staff 
and subordinate leaders in satisfying such intent. 
 The intent could read, for example, something like, “We need to transition our 
aircraft operations at sea from Deconflicted C2 to Collaborative C2 (within X time 
period) in order to complete Mission Y.” The Commander’s staff could then identify the 
required transition path (i.e., II  III, then III  IV), and they could in turn develop 
guidelines for subordinate commanders, for example, as something like, “We need to 
delegate authority (i.e., broaden ADR), loosen constraints across ships, aircraft and 
departments (i.e., increase PoI), and expand information sharing across units (i.e., 
broaden DoI).” It would then be up to subordinate leaders to determine exactly how to 
do so in a manner that makes the most sense in terms of the organization and its 
mission. 

In terms of the contemporaneous aircraft operations noted above, consider first 
the simple case of two manned aircraft being flown from different ships. For instance, 
say that two MH-60s are to cooperate on a mission but that each helo is from a different 
ship (e.g., one from a DDG, another from an LCS). Assuming for this example that the 
CTG did not want to be involved in the details, under current C2, the CO of one ship or 
the other would likely be placed in charge of the mission, with further delegation likely 
to his or her Tactical Action Officer (TAO). This reflects an adjustment of ADR: Before the 
adjustment, the two COs were solely responsible for their respective ships and 
associated aircraft. After the adjustment, one CO becomes responsible to the other, as 
the CTG has delegated partial authority (i.e., over the mission) to the other CO.  

Clearly both COs continue reporting to the CTG (i.e., the organization chart has 
not changed), but ADR has increased a bit to accommodate this mission. PoI also 
expands necessarily to accommodate this mission, as COs, TAOs, aircraft and crews from 
the different ships begin interacting more closely together. DoI would necessarily 
broaden as well, for greater communication across ships, aircraft and crews would need 
to occur. This reflects the beginning of a transition from Deconflicted to Coordinated C2. 
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Say further that the two MH-60s from above were to also fly with unmanned 
aircraft (e.g., two FireScouts), perhaps from two additional ships. This integration of 
manned and unmanned aircraft operations would bring additional organizations and 
personnel (esp. associated with unmanned aircraft) into the mix; further expanding PoI 
between ships, aircraft, aircraft types and crews; further broadening DoI through 
required communication; and suggesting that further ADR adjustment may become 
useful. For instance, perhaps someone on one of the MH-60s (e.g., Pilot) could be 
tasked to coordinate with the other aviators and UAS controllers directly. This would 
represent further transition toward Coordinated C2. 

Alternatively, with multiple ships on the mission, the organization may form a 
Surface Action Group and appoint a Commander (SAGC) or like officer to oversee the 
increasingly complicated mission, who in turn may have air operations staff to assist. 
Ironically, such Commander and staff may seek to decrease ADR—in contrast to the 
approach outlined above—even as the number of (esp. air) assets becomes increasingly 
dense in space-time; as PoI continues to expand across an increasing number of ships, 
aircraft, aircraft types and crew; and as DoI requirements continue to broaden. 

Many commanders do this in attempt to maintain centralized control, but as 
command lines lengthen and communication channels narrow, such centralized control 
can introduce delays in terms of important information and decisions. Depending upon 
the velocity and dynamics of the mission, delays can contribute toward mission 
degradation and even failure. In other words, centralized authority (i.e., narrow ADR) via 
the SAGC approach—although feasible—may not represent the best C2 design fit with 
expanded PoI and broadened DoI (i.e., ADR, PoI and DoI should tighten or loosen 
together). In contrast, as above, perhaps the various aircraft aviators and controllers 
could be tasked to collaborate with one another. This would represent further transition 
toward Collaborative C2. 

Thus, we see how a having a single person or central organization trying to 
handle the C2 for increasingly complicated missions can become a challenge, 
particularly as PoI expand and concomitant demands for broader DoI intensify. Without 
commensurate ADR adjustment (esp. via delegation and teamwork), the C2 process can 
become overwhelmed and slow the mission through delayed information processing 
and decision making. Yet this reflects the default approach taken frequently within an 
organization that seeks out Deconfliction as its modal C2 design. 

Through this example, clearly C2 design need not be ubiquitous, monolithic and 
permanent (e.g., one design for the whole organization, always). Rather, some aspects 
of C2 can reflect one design (e.g., Coordinated C2 for the aircraft mission), whereas 
most if not all others can reflect a different one (e.g., Deconflicted for everything else). 
Likewise, an alternate C2 approach may be put into effect only during a specific mission, 
operation or period of time (e.g., while the various ships’ aircraft operate in common 
airspace-time), reverting to status quo afterward. This is the key idea. 

What began as theory comes now to practice. With a realistic, contemporary 
scenario suggesting a transition to higher maturity C2 at sea, not only do we have theory 
to guide such transition, we also have a set of concrete and discrete steps to effect it. 
Moreover, in addition to documenting the theory and corresponding practice through 
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this technical paper, the associated new knowledge represents something that can be 
taught in military schools, formulated through standard operating procedures (SOPs), 
along with techniques, tactics and procedures (TTPs), and practiced through training 
exercises. A considerable step forward in terms of C2!  

 
Unconventional C2 design transitions. Now we address the unconventional C2 design 
transition rules and guides. As noted above, such unconventional transitions involve the 
Conflicted and Edge C2 archetypical designs. It is difficult to understand, for instance, 
why any organization would ever wish to transition to a Conflicted design, and it is 
challenging for any organization to transition to an Edge. However, as discussed in the 
tsunami illustration above, an organization or collective may find itself in a Conflicted 
design through default, and it would likely wish to increase maturity and transition to 
some other, higher design. Likewise, an organization may find itself in an Edge design 
through great effort, but it may wish to transition to a lower design to ease coordination 
efforts. As noted above, speaking generally, the higher the C2 design, the greater the 
coordination effort required. We examine both of these designs. 

In the first, where a collective organization finds itself in Conflicted design, our 
transition rules point toward two alternate paths. In the one noted but largely dismissed 
in the tsunami illustration, the path I  II (i.e., Conflicted to Deconflicted) is possible 
theoretically but seemingly infeasible in practice. This is because some organization 
must be in charge before it can impose and achieve the deconfliction. Either that, or all 
participating organizations must agree to a common deconfliction approach. In the case 
of an incapable sovereign and a plethora of NGOs, even if the participating military 
organizations, for instance, could establish geographic or like deconfliction boundaries 
for themselves, only the military part of the collective would reflect Deconflicted C2, 
with the majority of other organizations operating in Conflicted mode still. 

Alternatively, the (collective) organization could attempt the unconventional 
transition I  V (i.e., Conflicted to Edge). This may appear on the surface to violate the 
incremental rule set forth above (i.e., taking only one transition step at a time), for the 
Edge is depicted symbolically as four transition steps above Conflicted C2. However, we 
allow for transitions both up and down the path. Hence we can combine Paths (1) and 
(2) to delineate bidirectional transitions as shown in Path (5): 

(5) I ↔ II ↔ III ↔ IV ↔ V 
Moreover, if we view both ends of this bidirectional path as linked, as opposed 

to opposite endpoints along a line, then the I  V transition begins to look possible. We 
delineate such linked transitions in Figure 4. On the right side, we show the three 
conventional C2 designs and transitions (i.e., II ↔ III ↔ IV), and we illustrate their 
interrelationship as being relatively close to one another to indicate that transitions 
between them are comparatively easy for an organization. We also position these three 
points somewhat hierarchically to indicate that each represents a higher C2 design—and 
hence reflects greater maturity—than the one below (i.e., IV > III > II).  
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Figure 4 Linked Transitions 

 
On the left side of the figure, we show the two unconventional C2 designs and 

transitions (i.e., I ↔ V), and we illustrate their interrelationship as being relatively far 
from one another to indicate that transitions between them are relatively difficult for an 
organization. We also position these two points hierarchically to indicate that one 
represents a higher C2 design—and hence reflects greater maturity—than the other 
(i.e., V > I).  

Further, we position the conventional C2 archetypes comparatively far from 
both of their unconventional counterparts to show the great difficulty associated with 
the corresponding transitions (i.e., I ↔ II, IV ↔ V) in the case of an organization 
collective2 (i.e., collection of unaffiliated organizations). Although it may be difficult to 
discern in the figure, however, the transition distance between the two unconventional 
designs (i.e., I ↔ V) is less than that between either unconventional-conventional 
counterpart (i.e., I ↔ II, IV ↔ V). This indicates that the difficulty of transitioning 
between the two unconventional designs is less than transitioning between 
unconventional and conventional. Hence the transition I ↔ V may be less demanding 
than I ↔ II.  

The tsunami case illustrates this point well. Given its default status as Conflicted 
C2, this collective organization clearly exhibited minimal C2 maturity. This makes sense, 
for the collective had only just formed, and it had done so through an ad-hoc collection 
of diverse organizations—many of which had never worked together before—each with 
its own agenda, personnel and operating procedures. Although each individual 
organization had its own C2 approach, there was no C2 in place for the collective as a 
whole, and the various organization participants were conflicting with one another’s 
goals and activities. Moreover, given the seeming infeasibility of transitioning to 

                                                 
2 The transitions are clearly not as difficult for C2 within a single organization. 
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Deconflicted C2 noted previously, it appeared as though the collective was stuck in 
Conflicted C2. 

Alternatively, if the collective organization were to recognize the potential to 
increase maturity and transition to Edge C2 directly, then many of its problems may 
have been mitigated or even obviated. If, for instance, participants were to realize each 
participant had equal input into the collective—hence ADR for the collective could 
become maximal—and that every organization within such collective was free to 
interact with every other one—hence PoI for the collective could become maximal—
then they might be able to see how the C2 approach for the collective would be located 
well to the right and up on the C2 design space (i.e., broad ADR and loose PoI, but 
narrow DoI). 

The last step would be the most important: the collective would need to share 
information abundantly—hence maximize DoI for the collective—in order for its diverse 
participants to operate at the high maturity level associated with Edge C2. Notice that 
no individual organization needs to transition to Edge C2 for its own operations. Rather, 
only the organization collective as a whole needs to transition as such. 

For instance, say that one, single organization (e.g., the US Military) were to take 
on the role of information collector-disseminator. This could involve setting up, for 
instance, an ad-hoc cell or wireless network and encouraging all organization 
participants to utilize simple webpages, social media apps or like approaches to post, 
share and receive information regarding their plans, goals, schedules, assets, 
capabilities, operations, needs and timeframes. Such approaches might also outline how 
Edge C2 works, and it could encourage individual participants to seek out information 
and assistance from one another. 

If individual organizations (e.g., militaries, NGOs, Indonesian Government) were 
to find value in the information, then they might become motivated to contribute to the 
information collective, and with a realization that the organizations’ diverse goals and 
activities were experiencing less conflict—and hence the collective organization was 
becoming more effective—a transition to Edge C2 could become feasible. Diverse 
organizations could, for instance, determine in advance that their plans would conflict 
with those of another organization (e.g., two medical teams planning to assist the same 
village, where only one is needed). As such, they may become willing and able to adjust 
mutually and improve coverage for their medical expertise. In the end, if every 
organization could see in advance what every other organization was planning to do, 
then they could all adjust mutually and potentially improve the efficacy of the overall 
effort considerably if not radically. This is the power of Edge C2. 

As above, what began as theory comes now to practice. With a realistic, 
contemporary scenario suggesting a transition to higher maturity C2 for a disaster relief 
organization collective, not only do we have theory to guide such transition, we also 
have a set of concrete and discrete steps to effect it. Moreover, in addition to 
documenting the theory and corresponding practice through this technical paper, the 
associated new knowledge represents something that can be taught in military schools, 
formulated through standard operating procedures (SOPs), along with techniques, 
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tactics and procedures (TTPs), and practiced through training exercises. Another 
considerable step forward in terms of C2! 
 
Conclusion 
In this technical paper, we build upon our computational experiments to address how 
TASP C2 can be designed for asymmetric advantage, with particular emphasis on 
dynamic design, through which an organization can increase agility and outperform 
otherwise peer or equivalent organizations. The ability to transition dynamically 
between alternate C2 designs provides a novel capability to align an organization’s C2 
approach with the peculiarities of its mission-environment context, peculiarities which 
can be ephemeral and difficult to anticipate. Such capability enhances organization 
agility, which can enable asymmetric advantage; that is, an agile organization, which is 
able to transition dynamically between alternate C2 designs, can outperform otherwise 
peer or equivalent organizations lacking such ability. Further, not only do we describe 
what such dynamic C2 design would entail, we also articulate how to effect it in 
practice. This represents a substantial finding and research contribution. 

Future research can extend this work through three complementary lines: case 
study, computational experimentation, and Fleet implementation. Through the first, 
researchers can embed themselves within an operational organization and examine in 
detail how C2 associated with both manned and unmanned aircraft systems is 
conducted. This would be to document and understand in detail the current C2 design 
(C2c). Analysis and interaction with participants could then help to instantiate one or 
more desired designs (C2d) and to lay out organizationally feasible transitions to 
increasingly mature C2 approaches.  

Through the second, researchers can use results from such case study to further 
enhance our computational models, which in turn can be run through the next set of 
experiments to assess different modes, techniques and timings of dynamic C2 design 
transitions. Different C2 designs may become relatively more or less appropriate 
depending upon a variety of different mission-environment contexts—a dependence 
which remains unknown at present—and situated Commander’s intent will need to 
account for such dependence directly. Better to assess the C2 design space 
computationally and systematically, across a variety of mission-environment contexts, 
than to leave our organizations learning by trial and error at sea.  

Through the third, as noted above, what began as theory comes now to practice. 
Dynamic C2 design—especially as it centers on understanding both current and desired 
C2 design archetypes, along with organizationally feasible transitions—represents 
something that can be taught in military schools, formulated through standard 
operating procedures (SOPs), along with techniques, tactics and procedures (TTPs), and 
practiced through training exercises. Researchers can become instrumental in helping to 
prepare the learning materials to be taught in military schools, through drafting SOPs, 
TTPs and like procedures, and through assistance with training exercises. This 
epitomizes the transfer of knowledge from the research laboratory to practical 
application at sea. 
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