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Abstract. This paper presents concepts, features, and important considerations in
the development of an iconic language for military command-and-control com-
munications. It describes communities of interest in the Department of Defense
and how iconic language as used in the various communities can differ. Various
sections are focused on the components of the iconic language as well as its
status, issues and challenges. Finally, the paper concludes with future directions
and research goals.
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1 Intr oduction

In distributed command and control (C?), the primary tool for consistency in opera-
tional situation assessment is the Common Operational Picture (COP) as well as the
daily briefings and updates that define relevant objects, their relationships, their in-
tent and the commander’s response to the situation or threat. The COP is geographi-
cally oriented, distributed, shared space for maintaining and presenting the current
status and collective knowledge of the battle space. The tactical war fighter usually
provides the context for situation assessment. Chat text that is common on the Web
also is the forefront of military tactical communications. The primary method for
capturing this information resides in voice and written communications, with an in-
creasing reliance on tactical-text chat. The TSAT iconic-language project will im-
prove the COP by providing a clear and standardized method to describe elements
within chat. TSAT provides new symbology and leverages the symbology now used
in the COP to enhance the plain-text chat that the war fighters use to communicate
situational awareness. Optimal methods for symbol creation and use will be devel-
oped for both the COP and chat text. The results of this approach will enable tactical
users to communicate ideas about the COP clearly in ways that don’t depend on the
methods of expression of specific user communities.

In this same vein, transfer of understanding relies heavily on archaic methods of
communicating context: the written word in text chat; Defense Message System
(DMS) communications; or in Microsoft Word and Powerpoint® documents. A ca-
pability needs to be developed to support information transfer in the form of written
context in situation assessment. New technology provides better ways to transfer in-
formation rapidly than the inefficient text chat and DMS paragraph.



We can improve what war fighters say, how they say it, and the way they convey
their messages in a network-centric environment. The focus of the technical ap-
proach is to improve the efficiency of knowledge sharing through the ability to
communicate situation-assessment context. New icon sets will be constructed to
communicate complex ideas, object relationships, and evolution of relationships of
objects of interest in the COP. The iconic language will leverage existing symbology
currently used in the COP [8], [10]. The new medium of expression will exploit the
use of icons, images, symbols, and shortened expressions, as witnessed by the explo-
sion of symbolic language on the Internet, via instant messaging and blogs.

2 Symbology ard User Communities of Interest

Users who contribute information to or use information in the COP must take steps
to ensure that the data will be interpreted correctly outside of the community of inter-
est. To reduce difficulty and confusion, information exchange needs to take place at
the same level of abstraction using the commonly accepted language of the COP.
Communities of COP users often express their data using icons that may be ambigu-
ous or confusing outside of their immediate community. This is because a concept
that is represented one way in one community may be represented differently in an-
other. For example, a symbol that is a yellow in one community is white in another.
White may designate different information in different communities. In some it may
have meaning and in others it may not. Problems in updating the COP could occur if
a feature that has no meaning in one community is transmitted via the network to an-
other where the feature is used to convey some attribute of the data.

The symbology of a community depends on the assumptions that the community
makes about the data and platforms that the symbols are supposed to represent [2]. It
also depends on how much information a user in a particular community of interest
requires to perform most tasks [2]. An iconic language that may be useful in one
community could seem oversimplified; appear insufficiently detailed; or actually cre-
ate confusion in another. For example, communities that specialize in force planning
operate in an analytical mode and prefer complex symbols that are designed to com-
municate relatively large quantities of information at a glance to personnel who know
how to interpret them. In contrast, in a user community that deals with tactical opera-
tions in which decisions need to be made quickly in time-critical scenarios, the sym-
bols tend to be simpler and encode only the most important attributes of the data (e.g.
the platform type and classification as friendly, neutral, hostile or unknown). For ex-
ample, a hostile submarine is represented simply as a red, inverted “V” with a dot in
the middle of it to show the assumed position. This symbol system is designed to
alert an operator to danger, not to facilitate long-term planning [8], [10]. To correct
the problem, symbology should be standardized and the raw data should be in the
symbol, not only in the COP but also in text chat. Symbols should contain metadata
that are accessible not only in the COP bbut also in text chat that describes the COP.

3 Icon-Based Language

Nouns represent object entities and verbs contribute to expressing the relationships
between them. A useful icon-based language will need to account for at least these



important parts of speech and encompass the most widely used relationships be-
tween nouns. (See, for example, [3].) Some common relationships, such as hypon-
omy, hypernymy, meronymy, and metonymy, express fundamental noun relation-
ship, such as “is a,” “is a generalization of,” “is a kind of,” “is a part of” and “has
a.” Less fundamental noun relationships also need to be expressed. However, an
icon-based language can be unwieldy if it represents many different objects and
many object relationships. Historically it appears inevitable for all purely picto-
graphic languages to evolve to encompass broad and abstract ideas, adopting gen-
erality along with all of the ambiguities and pitfalls of modern language [6].

Progress in the construction of visual meta-languages and Visual Interlingua sug-
gests that computer technology could make the production of Icon-based language
tractable [9]. Without the purely conventional symbols that an alphabet or syllabary
provides, icon-based languages tend to grow without bound, increasing the cogni-
tive burden of their users, which defeats the original purpose of an icon-based lan-
guage. Even though the grammar is simplistic, this is clearly the case within Stan-
dard War fighting Symbology [8] being simple at first but quickly devolving into
arbitrary symbols. Fortunately, with the advent of computer-language systems, util-
izing icon dictionaries that are linked semantically to other knowledge representa-
tions; we can resolve many of these issues.

3.1 1con status

Reliance on Microsoft Powerpoint® briefings and very complex, static diagrams is
increasing in operational communities, such as that associated with global-network
operations. Some have found this reliance to be a disturbing and troublesome devel-
opment. These briefings and diagrams communicate the activities and observations
of interest to distributed team members using antiquated methods for expressing
context in bulleted and acronym-laden language. Learning these communication
methods for new team members can be inefficient due to the misapplication of
commercial typesetting and presentation software and the heavy use of jargon.

Symbols and icons have been used for years in large-group displays to represent
friendly, hostile, neutral and unknown surface vessels, aircraft and submarines. (See,
for example, [8] and [11) Symbols and icons are used to communicate health status
information, communicate threats, or discover weapons caches in Iraq and Afghani-
stan in an effort to reduce challenges posed by language barriers [11].

Symbolic and visual information is prevalent as a means of reducing required
bandwidth and saving time. These various symbols are observed embedded directly
within chat. Examples include:

(1)  Emoticons, such as ;) used to convey jocularity

(2)  Acronyms, such as “LOL.”

(3) 5,689 documented acronyms in use by DoD (Joint Publication 1-02) [4]
(4)  Color as used for speaker identification, emphasis, and differentiation
(5)  Hyperlinks, URLs, and embedded images

(6)  File and object attachments

Characterization of the dimensions of pictorial languages and symbology can
lead to advances in the use of icons to communicate efficiently in military situa-
tions. In some cases, the dimensions can be expressed in a symbology at different



degrees along each variable such as context dependence vs. independence, or sim-

plicity vs. complexity. Some attributes of various pictorial languages are as follows.

(1)  Phonetic characters (e.g. phonetic picture writing [5], Hieroglyphs, Chinese,
acronyms)

(2)  Non-Phonetic (e.g. MIL STD 2525B [8], [10], [13] Blissymbolics)

(3)  High information density (e.g. MIL STD 2525B) [10,] [13]

(4)  Scale independence

(5)  Color dependence

(6)  Context dependence (e.g. sparkline) [12] or independence

(7)  Representational or Pictorial (e.g. Hieroglyphs, Blissymbolics)

(8)  Simplicity (e.g. Blissymbolics) [7] or complexity (e.g. Chinese, MIL STD
2525b) [8], [10]

Some attributes of various languages in general include combinatorics, additivity
and alphabet (e.g. Indo-European and Semitic languages)

3.2 Icon issues and challenges

Icons are natural and inevitable augmentations of text-based communication because
they convey information in a simple, compact, and efficient manner in an environment
where the outcome of life-and-death situations depends on the efficiency of communica-
tions. Given the widespread use of icons, the tools to facilitate them are expected to per-
sist. Their importance not withstanding, neither chat nor its visual content is disciplined.
Both are rife with loose associations, language misuse, and ambiguous acronyms. So far,
the iconography in common usage has not been integrated with existing standards for
symbols [8] nor for acronyms [4]. Moreover, due to the difficulty in the use of entry and
retrieval mechanisms, a loss of shared context occurs.

A major challenge of this project is to develop a technology so that chat users can
utilize most efficiently a combination of textual language and visual representations of
knowledge. The iconic language capability needs to be developed and enhanced for the
following reasons.

(1)  Information carrying capacity increases.

(2)  Expressiveness of the medium increases.

(3)  Ambiguity decreases through the use of a formal iconography that increases the
ability to benefit from shared context.

(4)  Visual representations enable a radical transformation of the communications
medium.

Another significant challenge of this project is to find the best way to augment and
disambiguate textual content using visual representations of language, objects, and in-
formation. Specific challenges arise from the following considerations.

(1)  Visual language comprises a very large problem space. The search domain will
need to be reduced.

(2)  Research will require a substantial user base for statistically significant testing.

(3)  Metrics are difficult to define.

4 Futur e Research Goals and Directions



The use of symbols and icons to communicate abstract C> concepts has received inade-

quate attention in research. Moreover, new techniques for relaying C* concepts using

icons or symbol, images, graphics, and shortened speech patterns such as “leet speak”

are under development. (N.B. Leet speak is a form of Internet “elite speech,” composed

of shortened, abbreviated, and misspelled words.) One of the main purposes of this pro-

ject is to understand modern use of visual language and graphical phenomena and to use

this knowledge to provide context in rapidly evolving situation updates. Research in

state-of-the-art visual language techniques can be applied to network communication to

include the following.

(1)  Icons|[8],[10]

(2)  Symbology encoded as fonts

(3)  Acronyms [4]

(4)  Constructed languages [1], [5]

(5) Language histories

(6)  Domain-specific languages

(7)  Innovative presentation mechanisms

(8)  Application-specific visual communication (e.g. Hazmat, road signs)

Future research goals are as follows.

(1)  Determine metrics for ease of use, efficiency, and ambiguity-resolution ca-
pability.

(2)  Answer the following key research question: “Does a TSAT iconic language
increase information capacity or communications efficiency?”

(3)  Build initial prototype candidate language.

(4)  Integrate linguistic themes with visual language prototype (new symbols)

(5)  Introduce new symbols.

(6)  Perform “Visual Language” experiment testing human factors.

(7)  Achieve a technology transition in a long-range program in visual language,
technologies for tactical communications.

Table 1. Benefits of TSAT technology development

Technology Beneficial properties of I ssuesto beresolved
each medium through development
Ccop » Comprehensive * Unavailable in field
* Visually integrative * Poorly communicable
Text * Persistent * Poor field interface
* Immediate * No visual or symbol inte-
* Easy to implement & use gration
» Expressive * Ambiguity issues
* Prevalent operational accep- * Slow to use
tance * Not stealthy
5 Summary

The objective of the TSAT project is to improve the contextual information interface
that accompanies traditional situation assessment. It will improve the communication



of current contextual information and extend the range of capabilities to exchange in-
formation. Issues and benefits are summarized in Table 1. The program focus is to
revolutionize the tactical text-chat interface including content, technique, application,
network management, and hardware interface. Another important goal is to improve
the transfer of contextual information to the COP and among distributed operational
and tactical war fighters, regardless of the specific context. When completed, this re-
search and development project will offer a significant improvement in the ability of
war fighters at all echelons to share knowledge rapidly and accurately.
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