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Research cycle in C2 design and
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Objectives:

»Fast & efficient execution (resource
availability, SA, fast communication,
manage task-resource match)

=Workload (need to balance & minimize)
Achieved by:
=Distribution of resources, roles, tasks

Variables:
- =Control (“who owns what”)

SiE ~ =Command (“who commands whom”)
=Communication (“who can talk to whom”)
*Role (“who is responsible for what”)
=Mission execution (“who does what”)
=Adaptation (“what to change”)

© 2010, Aptima, Inc. 5




75 APTIMA
=%\ HUMAN-CENTERED
JENGUEERIBE

i.@—»m—»

SME-based C2

' OPTIMAL|
mSVE

Compare

A ez~

Algorithms : -in-the- ' '
g Optimal C2 Team-in-the-loop virtual experiment

© 2010, Aptima, Inc. 6



Elements of C2 organization :j;"_i" '\ APTIMA |

\ I ENGINEERING

e # | Description J10|1 0= :
28| 5|° BLACK

3 | Reconnaissance Team of2]|0 0

2 | Engineering Team OfO0Of1 |0

4 | Mechanized Infantry 1(0]0 0

2 | Military Police Team 0j]11]0 1

- - BLUE GREEN BROWN RED
3 | Helicopter Section 2100 |0 u u u
(a) Resources composition (c) Command Nodes & Structure

BROWN HLO-1

BLUE BROWN : o
: BLUE
: HLO-3
MP-1 | | | ENG-2 : BLACK
HLO-1 INF-3 = | MP1 RED
F-1 ] : -
—| INF-2 MP-2 : MP-2 GREEN

(b) Control Structure (d) Communication Structure



grecess) :
: T APTIMA
Domain of the study i\ A ceTERED

DM1 (15t BCT)

L~

DM2 (3¢ BCT)

g A

M| (Ist BCT): DM2 (3rd BCT): | - *l il I 1
PIR BN (2) =  PIRBN (2) hd
— RFLCO (3) = CAV SQDN
- WPNCO = FABN
CAV SQDR = AR (MBT)

— MTD TRP (2) = AR (IFV) | | | |
— DSM TRP DM3 (4th BCT): L 1 i
FA BN = AR(2) ﬁ MI

—  HOW BTRY (2) = IN(M)
AR (MBT) = CAV
— RFLCO(2) = Ml
- TNKCO (2) DM4 (CAB):
—  CMBT ENGR €O = CAV i ! N
AR (IFV) = Atk Av Bn (2) >
— RFLCO (3) =  Gen Sprt Av Bn
— CMBTENGR CO DMS5 (Support):
N = FABN
“‘Assets” (units) « ENGR 1




=3 | 33T
T

FiTEIIEI=E

lele&Weapons ); witzer & T
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ssion Phase | (combat): 82d AIRBORNE DIVISION clears the city
\Z to destroy RED 3d Infantry Division

RED targets: Infantry, Tanks, Fighting vehicles, Howitzers (towed and self-propelled),
Mortar artillery, Anti-aircraft guns

BLUE ops: site and area security, enemy forces, force-on-force engagement,
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s of 2d CAF Division, conducts stability N
rations to ensure security of city & ) =
ablishment of vital infrastructure functions N |

RED ops: IED & VBIED, Small-arms attacks, mortar
attacks, snipers, riots, criminals 2
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reconstruction, crowd control, patrolling, searches,
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. 7% APTIMA
Metrics i

command) | _ —
— Internal coordination (balance of work among commanders)

Performance/effectiveness:
— Operations Completed Successfully
— Response Time
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Conclusions

i External coordination: commanders spend tin ;;_. on requests and synchronization
activities and less time on exec ,.. tiens ="'

— Internal coordination: managlng dlfferent resources results in planning and
monitoring overload

Optimization model has detailed knowledge of expected
tasks, allowing for a more optimal distribution of resources
lo balance coordination and work

— Smaller number of commanders per operation results in decreased external
coordination and in turn frees commanders to manage their assets and conduct
engagements

— Better workload distribution removes bottlenecks and improves response time

Future research efforts must be focused on analysis of

command and communication structures
— Hard to manipulate in empirical studies
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