


as sailors of the “gaming
generation” take the seats
behind the consoles, it is
necessary to think about
not just what the CIC will
look like for the next build
but also what the CIC of
the future should look like.
While researching this
area, APL human systems
engineers are undertak-
ing efforts to increase fleet
inputs by going underway
on ships. On preliminary
trips, these engineers have
asked sailors how they envi-
sion the CIC of the future.
In response, sailors often
referenced  movies, the
most popular of which was
Minority Report. Although
science fiction movies show
intriguing possibilities, HSI
principles continue to lead
us to more user-centered design approaches to deter-
mining solutions that enhance human and system
performance. To achieve this, the following question
must be addressed: What are the needs of the future
warfighter in the CIC, and how do we blend HSI fun-
damentals with the affordances that may be offered by
unpredictable future technology? To address this chal-
lenge, we must first understand the basic operational
environment to which the systems will be tailored.
Second, we must consider the persistent biological,
technological, and process-related gaps in this domain
and the human-computer relationships that may be
shaped by future technology. Lastly, it is important to
continuously evaluate technological trends that will
impact the human—-computer relationship, with a focus
on building flexible rapid-prototyping environments to
gain user feedback early and often.

Put simply, the CIC is a secure space containing a
plethora of consoles, displays, cables, and communica-
tion devices, as well as the sailors operating them, as
shown in Figure 1. Space is limited, talking is kept to a
minimum, and the room is lit with specific blue lights
to prevent sailors from losing their night vision. The
latest operator console, currently being fielded, is the
Common Display System (CDS). It is configured with
three horizontal, immovable touchscreen displays, a
trackball, a keyboard, and a chair.

Building the Combat Information Center of the Future

An example CIC layout is provided in Figures 2 and
3; however, the size and organization of the CIC heav-
ily depend on what class of ship it is occupying. Across
ship classes, clusters of consoles are primarily organized
by warfare area. For example, the sailors supporting sur-
face warfare are close together in physical proximity, as
are those involved with other warfare areas (i.e., anti-
aircraft warfare and electronic warfare). The tactical
action officer is in charge of CIC operations when the
commanding officer, the captain of the ship, is not pres-
ent. The tactical action officer is positioned at a table at
the front and center of the room. No matter the specific
layout, currently watchstanders must sit at assigned loca-
tions within the CIC. CDS, because of the commonality
of these consoles, will eventually allow CIC sailors to log
onto any console within the CIC, providing redundancy
if one of its systems is down and the flexibility to cus-
tomize CIC watchstation organization to each mission.

While investigating future warfighter needs, APL
researchers are exploring the issues found in today’s
CICs. Ship visits that give human systems engineers
opportunities to directly observe and interview sailors
while underway continue to be a focus of this work.
These investigative research efforts help bridge the
gap between system design and system use, and the
knowledge gained is invaluable. The observed issues
found in today's CICs can be categorized into three
primary groups: technology, process, and biology (i.e.,
the human).
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ever, the human brain’s information processing capac-
ity and its contribution to reaction time is mostly fixed,
whereas computational systems continue to advance in
these areas exponentially. Because of these constraints,
humans are sometimes removed from the response loop
in favor of computational speed. In particular, this trade-
off is becoming increasingly necessary for ship defense
decision cycles within the CIC. As these tasks become
automated, the sailors’ lack of trust in system function-
ality and output can lead to manual workarounds that
increase, rather than decrease, their workloads.
Although only a few examples are listed, it is impor-
tant to note that many more issues exist. Everything from
the desire for accessible cup holders to the need for more
efficient and effective communications and training
techniques should be addressed in a future CIC. Solving
any one of these problems would not be sufficient to pro-
duce an optimized system; we must consider all aspects
and continually improve the combined technology, pro-
cess, and human elements of this space to truly meet our
future sailors’ needs. The next sections discuss some areas
we believe are critical to achieving these improvements.

The current human-computer relationship can
often be characterized as static and asymmetrical.l For
example, the user tends to take on an active role while
the machine passively performs the functions requested
by the user. In this way, most contemporary human—
computer interactions (HCI) are defined by a rigid
turn-taking structure or serialized action-and-response
interactions. Consequently lacking is the continuous
dialogue between humans and computers that should
more closely resemble an interaction between intelli-
gent adaptive systems. The information flow between
humans and computers is also asymmetrical. For exam-
ple, the user is free to query the operational state of the
system (e.g., memory, degradations, and computational
processing usage), but the computer remains blind to the
internal status and resource capacities of the human.
Thus, although many of the systems we create have a
plethora of subsystem monitor functions, they lack the
ability to inspect the most error-prone component of the
overall system—the human. These systems are unable to
determine the human’s psychological state and cognitive
resources, both of which, when degraded, can contribute
to human error. As HSI practitioners contribute to the
development of advanced, intelligent, and adaptive sys-
tems of the future, they must look for opportunities to
collect and integrate information about the human as a
key component of the overall system.

Building the Combat Information Center of the Future

Indus‘t-ryu :

An HCI of the future may be represented by a closed-
loop dynamic system in which there is persistent paral-
lel interaction between the human and the computer.
A closed-loop system is one in which the components
engage in a constant dialogue and regulation of each
other’s states for the purpose of achieving a common
goal. For example, the temperature of a room is regulated
by the difference between the actual temperature mea-
surement and the desired temperature. This difference,
often referred to as the error, is fed back to the system to
control the regulation that mediates temperature. Thus,
the input-to-output path and the error feedback path
create a closed-loop system. In an open-loop system, the
input is entirely independent of the output system. For
example, a heating element that produces heat as long
as the power supply is switched on with no regard for
the desired temperature would be an open-loop system.
This open-loop control system is more characteristic of
the current human—computer relationship. To achieve
a closed-loop system between a human and computer,
the system must include sensors that disambiguate the
human’s psychological states and algorithms that fuse
these data with task information to apply dynamic miti-
gations (system regulation) that improve the human-
computer dyad’s ability to achieve its goal. Approaches
to gathering psychophysiological data include electroen-
cephalogram caps, electrocardiogram sensors, and ocular
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Finally, as we move forward, we must maintain a
holistic view of the biology, technology, and processes
found in the CIC to truly optimize its performance.
Although it might be exciting to imagine a CIC design
similar to Hollywood's futuristic portrayals found in
science fiction movies, it is imperative to not lose
sight of the true driver that must be behind all design
decisions—the needs of the sailors of the future. By
bridging the gap between engineers and warfighters,
APL is striving to help the US Navy develop a CIC that
will advance the Navy into the future and help keep our
sailors and country safe.
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