Concept of C4l data fusion command center for urban operations

Luc PIGEON
Defence R& D Canada (DRDC Vacartier),
Information and Knowledge Management Section,
Vd-Bdair (Québec), G3J 1X5, Canada;
Luc.Pigeon@drdc-rddc.gc.ca

Abdgtract

Within the last decade, military research on urban operations (UO) have become a critica chdlenge.
Beirut, Mogadishu, and Grozny, are few examples of urban operations that highlight our actua doctrina
and/or materid gaps. From a command and control perspective, the proposd for an urban data fuson
command center (UDFCC) is dready qudified as a key for urban operations success. The UDFCC
main objective is to provide a robust understanding of an urban battlefield. This paper presents a
summary of urban operaions lessons learned in order to define the UDFCC sub-objectives and
components. They are associated with the phases of the inteligence cycle: direction, collection,
processing and disseminaion. They are categorized into four themes misson planning and rehearsd;
synthetic urban battlefield up to date reproduction and formdization; urban beattlefield data exploitation;
and synthetic urban bettlefidd visudization.

1. Introduction

Urban areas are the centers of finance, politics, trangportation, communication, industry, society, and
culture. Therefore, they have often been the scenes of important military operations, both combat and
noncombat [U.S. Army, 2000]. Figure 1 presents the cities contested during the twentieth century
conflicts.

About halt of the world's (50%) population lives in cities today and 70% will live in urban areasin 25
years [U.S. MCWL, 1998]. World population is expected to grow from 6 hillion to 9 billion over the
next 20 years. The average age of population might fal dramaticaly. This could create massive pressure
on resources, from basics such as food and water to those provided by wedth like employment,
education and hedth care. There will be a growing competition for agricultural land and an increased
urbanization [Dick, 2001].

For military operations, urban battlespace can be depicted as a complex terrain where we can expect to
be providing humanitarian assstance in one part, conducting peacekeegping in ancther part, and fighting
highly lethd mid-intengity baitlein yet athird part of the city [Krulak, 1997].
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CITY YEAR CITY YEAR
RIGA 1917 *SEQLUL 1950
MADRID 1936 BUDAFPEST 1956
WARSAW 1930 *BEIRUT 1958
ROTTERDAM 1940 "SANTS DOMINGO 1965
MOSCOW 1942 "SAIGON 1968
STALINGRAD 1942 “KONTUM 1968
LEMINGRALD 1942 "HUE 1968
WARSAW 1943 BELFAST 1972
“PALERMO 1944 MONTEVIDED 1972
*BREST 1944 QUAMGTRI CITY 1972
*AACHEN 1944 SUEZ CITY 1973
ARMHEM 1945 FUAM LOC 1975
ORTOMA 1944 SAIGON 1975
*CHERBOURG 1944 EBEIRUT 1975
ERESLAU 1945 MANAGUA 1978
“WEISSENFELS 1945 ZAHLE 1981
BERLIM 1945 TYRE 1982
“MANILA 1945 "BEIRUT 1983
JERUSALEM 1967 MNICOS1A 1958
*SAN MANUEL 1945 SIDON 1982
ALGIERS 1954 *COLON 1989
CARACAS 1958 “MIGADISHU 1993
“FAMNAMA CITY 19849 “HUAWRIT CITY 1991
*GREMADA 1983 “MONROVILA 1954
*FORT &U PRINCE 1996 "SARAJEVO 1966

*BRCKO 1997
*Direct US troop involvemeant.

Figure 1: Cities contested during the twentieth century conflicts[U.S. Army, 2000]

Urban terrain possesses dl of the characteristics of the naturd landscape, coupled with manmade
congruction. Countless rooms, hdlways, sairwells, streets, dleys, subterranean corridors, rooftops,
and internal space make the task of controlling the urban area near impossible. Considerations unique to
the urban environment include the lack of ability to blend in with the terrain and population, decreased
operating areas due to the vertical structures and subterranean systems, and degraded communications
due to “urban canyons’ [Sumner, 2001]. Consequently, urban areas deprive well-equipped armies
(high-tech forces) of many of the technical advantages that were developed during the Cold War. Urban
aress condrain maneuver, srain C3| sysems, and raise subgtantial politica problems by putting non
combatants and non-military targets in the way of military forces [Peters, 1997a][Hahn and Jezior,
1999]. As aresult, even a 20:1 exchange rate might not be a big enough advantage for U.S. Forces
[Press 1999]. Thisratio is quantified to arange between 9:1 and 27:1 i.e. 27 attackers per defender by
[U.S. Army, 2000]. The previous ratios can ercourage adversary - regular troops, crimind gangs,
vigilantes and paramilitary factions - to bring conflicts within urbanized areas, then removing their
disadvantage against trained regular forces.

Snipers that reved being very lethd, hidden booby traps that can be placed in dmost everything,
friendly shoots, and the limited effectiveness of heavy wegponry, are representative thrests of the actua
urban combats a the tacticad level. This atypicd form of engagement added to the previous urban
characteridics can partidly explan the drong asymmetry mentioned earlier about casudties.
Consequently, trained troops become particularly vulnerable to psychological disorder in urban
operation contexts. The lessons learned from the Russan Army in Grozny rdate a survey conducted
over 1300 troops made immediately after the fighting. Psychologica disorder occurred for about 72%
them [U.S. Army, 2000].



[Betts 2002] highlights the intelligence -especidly human intelligence (HUMINT)- as being the key for
counterterrorism, which is by essence invisible and based on the capacity to conspire. Urban operations
ae somewhat smilar by the fact that ingde buildings, battles are invisble Every room can be
conddered as a new battle. Thus, the complexity of the terran eesily overwhems planning and
operation conducts. As aresult, it became accepted that the main operationd effort, traditionaly placed
on the engagement, must now be placed on the understanding of the situation. The undergtanding, first
event of a sequence named USECT, which stands for understanding, shaping, engagement,
consolidation and trangtion, encompasses the gathering, the processing, the communicating and the
displaying of information regarding al aspects of an urban operation [Hurley, 2001]. For example, the
understanding process could enhance diplomatic, economic and informetion efforts, which may or may
not be combined with the military instrument of power. Moreover, understanding could reveal second or
third order effects to every military action in urban settings [Sward, 2001]. Understanding is then
considered as the key factor to create and maintain tempora advantages within our forces.

The objective of this paper is to propose a concept of C4l data-fuson command center (UDFCC) for
urban operations. The primary objective of this center concerns stuaion understanding. UDFCC is
designed according to the following three facets: interface, data sorage, and processing [Pigeon, 2002].
The interface is conddered as the link between the physica-system and its users and is characterized by
god definitions, required accuracies and determination of sequence of events. The proposed data
sructure is based on the world physica representation of space and time. A possible-worlds dimension
enhances the system to support apriori knowledge of the problem, smulations, aswell asthe recording
of past events. The processing unit of the proposed system design handled data fuson and resources
management and enhanced a learning component definition, which introduces “intdligence’ within the
system.

Section 2 presents consderations related to the design of systems. The lessons learned from urban
operations follow next. The cases of Grozny and Mogadishu introduce a selection of genera lessors
and challenge related to urban operations. Section 3 presents the UDFCC sub-objectives and
components associated with the phases of the intelligence cycle: direction, collection, processng and
dissemination. They are categorized into four themes. misson planning and rehearsd; synthetic urban
battlefield up to date reproduction and formaization; urban battlefield data exploitation; and synthetic
urban battlefidd visudization.

2. Design considerations and urban oper ations lessons lear ned

This section presents the link between the physca-system UDFCC and its users with regard to the
identification of objectives, of accuracies, and of the sequence of events. Strategicaly, the system
objectiveis.

To provide a robust under standing of an urban battlefield.

To achieve this objective, data from multiple sources are involved eg. image inteligence (IMINT),
dgnd intdligence (SIGINT) and human intdligence (HUMINT). Within this context, data-fuson
process is used to reduce overloads, and integrates uncompleted and uncertain data. Data-fuson is



defined with respect to the data-fuson definition of [Li et al 1993] generalized to “the combination of a
group of inputs with the objective of producing asingle output of grester quality and rdiability”.

Within this context, the group of inputs corresponds to the dl-source intdligence. The output is a
gynthetic urban battlefidd, which integrates dl inputs from the merging, the fuson and the learning
process. The potentid output users range from the commanding officer to every parts of the system,
both physica and human sensors. Consequently, enhanced understanding of the battlefield might alow
efficient resources management, which new outputs would feedback the system with new inputs of
greater quality. Augmented by a processng component that performs daa andyss for threat
assessment, the data flow between data-fuson and resource management can be a key to ensure
sensors integrity through the avoidance of thrests.

The search for a robust system design for the understanding of urban battlefieds must start from past

operations learned lessons. The latter and the urban problem presented in the introduction drives the

UDFCC sub-objectives assessment. The next sub-sections present urban operations learned lessons,

the UDDFCC sub-objectives and accuracies, with respect to the DITE sequence of events. This

sequence can be defined as:

= Detect: discover or perceive the existence of an object.

* |dentify: quantify the object attributes in order to meet conditions for perfect exhaustiveness and/or
precision.

= Track: monitor object with regard to the time dimension.

= Edtimate future state: predict an object (including Stuation) status over time, including generaion
of possible world(s) associated to possible COAs. For example, this can stand for a damage
estimate for a possible engagement.

The next paragraphs are based on the lessons related by [Sumner, 2001][ Thomas, 1999] and [U.S.
Army, 2000]. The focusis placed on topics that can be assessed by a better understanding of the urban
battlefield. However, a smal number of other lessons are dso enumerated in order to give a minimum
view about urban operationsin generd.

A foremost lesson concerns the use of intelligence. It is crucid to consider each phase of theintelligence
cycle [Canada National Defence, 1998] as a chdlenge. Direction, collection, processing and
dissemination have to recelve dl the possible attention. For example, in spite of a vauable information
holds, a wrong dissemination (e.g. representation and display) might discard dl the previous efforts
made by direction, collection and processng. A common error, which is not exclusve to urban
operdtions, is to underestimate the enemy effectiveness, military discipline and fighting spirit. Chechens
and Somadlis having been consdered as primitives are examples of this underestimation within urban
operations. Table 1 presents a selection of lessons learned from military operations in Grozny and in
Mogadishu.



Selection of lessons lear ned — Grozny and M ogadishu

Lack of official mapsforced troops to rely on tourist maps.

Boundaries between units were still tactical-weak points, but it was not just horizontal boundaries that were to
worry about. In some cases, the Chechens held the third floor and above, while the Russians held the first two
floors and sometimes the roof.

Mine and booby-trap awareness was hard to maintain.

Tactical communications proved very difficult in Grozny.

Night fighting was the single most difficult operationsin Chechnya.

Disinformation, deception, and other form of information warfare were used extensively by both sides during the
battle for Grozny.

Chechens received extensive outside assistance despite efforts to stop it.

Hit and run ambush attacks by small groups were the most favored and effective of the Chechen tactics.

Both sides employed off the shelf equipment for communications, etc.

Occurrence of poorly defined lines of command and control.

Russians suffered alack of training for basic maneuver and combat skills.

The logistical unit soldiers were hopelessly inept at basic military skills, such as perimeter defense, establishing
security overwatch, and so forth.

UAVswere used extensively and were very effective.

Composite units were generally unsatisfactory.

Standard Russian military units configurations were inappropriate.

Trained sniperswere essential, but in short supply.
Tanks and APCs cannot operate in cities without extensive dismounted infantry support.

Non-lethal technologies were seldom used.

Both physical and mental health of the Russian units began to decline ailmost immediately upon initiation of high
intensity combat (e.g. viral hepatitis, chronic diarrhea, upper respiratory infections; exaggerated startle response,
neuro-emotional behaviors; and acute emotional reactions).

Difficultiesin providing logistical support to the front line.

Reduced effectiveness for transportation and fire support assets.

Difficulty to unite police and military in asingle, cohesive force

Tablel: Selection of lessons|earned from Grozny, Beirut and Mogadishu

The particular examples in table 1 and the historic operations of figure 1 lead to some generdizations.
Table 2 presents these generad conclusions related to some of the lessons learned within urban
operations.



General conclusions

The geometry and perspectives of urban combat are very different from combat in the open area. Urban combat is
much more vertically oriented.

The nature of citiestendsto channel combat operations along narrow lanes of activities.

Difficult target acquisition.

The enemy is at close range, then short engagement ranges.

RPGs can be used against helicopters.

Helicopters are not well suited for urban combat.

Heavy machine guns still offer good defense against close air attack, especially helicopters.

Air defense guns are valuable for suppressing ground targets.

Snipers are always present.

Indigenous forces can improvise crude chemical weapons using hazardous materials from the urban area

Obscurants are especially useful when fighting in cities.

The opposing force is frequently indistinguishable from the civilian popul ation.

Population control is critical.

Fratricide is aserious and continuing problem.

Distinct tactical advantages accrues to the side with less concern for the safety of the civilian population.

Stressis extremely high.

The primacy of infantry (particularly through and for HUMINT).

Table2: General conclusions from lessonslear ned

Table 1 and table 2 ements can be categorized within the terrain atributes and within the dynamic of
object/components/agents interacting on this terrain. For the object/components/agents, a sub-category
might group the eements related to the attackers forces configuration and attributes. The category of
terrain attributes might include the geometry of terrain, the nature of cities, the close and short
engagement ranges, etc. Difficulties rdlated to target acquigtion, to the omnipresence of snipers, and to
the occurrence of fratricide, are instances of the influence of urban terrain on the dynamic of the
object/components/agents Similarly, the effectiveness of UAV'S, the qudification about snipers and
their short supplies, the difficulty to unify military and police units, the level of stress and the primecy of
infantry are examples of lessons related to the attackers forces configuration and attributes.

From the previous tables, posshble challenges can be identified. Table 3 presents few identified
chalengesissued from urban operations lessons learned.

Challenges

Key munitions and systems: defeating the enemy while reducing collateral damage and friendly casualties requires a
new set of munitions and systems.

Rigorous communication security is essential.

Rules of engagement clear definition canresult in abattlefield that will no longer be invisible to outside observers.

Both reducing collateral damage and friendly casualties, which were traditionally exclusive, have to be achieved.

Strategic bombing can be used in urban operations to shapethe battlefield.
Combatants have to be sorted out of non-combatants.

Forces have to be culturally oriented.

Situation training would have improved Russian military effectiveness.

Table3:Challengesfor urban operations



Exhaudiveness would have required a chdlenge for each particular or generd lesson mentioned
previoudy. UDFCC objectives would then correspond to the genera categories that would include a
potentid exhaugtive list of chalenges for urban operations.

3. UDFCC Objectives’Components

From the main objective to provide a robust understanding of an urban battlefield and from the
urban operations lessons learned, the next objectives are proposed for UDFCC design. These
objectives are described through the system’s components, which propose their achievement. The
objectives/components are described with respect to the DITE sequence, to the intelligence cycle
[Canada Nationa Defence 1998], and to the five-dimensons data structure (x,y,zt,w) proposed by
[Pigeon, 20024].

The UDFCC objectives'components are categorized within:

» Misson planning and rehearsd (Direction)

Synthetic urban battlefield up to date reproduction and formdization (Collection)
Urban battlefield data exploitation (Processing)

Synthetic urban bettlefild visudization (Dissemingtion)

3.1 Mission planning and rehearsal (Direction)

Urban operation objectives can be grouped under the following categories [Hurley, 2001]:

Objective is the urban areaitsdf: capture an urban area; defend an urban areg; and isolae/neutraizean
urban area.

Objective is within urban terrain: capture or destroy an enemy force; perform a focused offense (e.g.
facility, individud, information, utilities, mohility); and perform a focused defense (eg. an embassy or a
group of people).

Objective is to protect and assst people in urban area: neutrdize combatants; provide humanitarian
assistance and domestic civil support.

These operationd objectives achievement are related to critica points/centers of gravity [Peters
1997b][U.S. Army, 2000], which are dements that could have an extraordinary influence on the
achievement of objectives. They can be spatiad or nontspatid. The former can be associated to objects
(including situations), as the latter correspond to object attributes. [Glenn 2002a][Glenn 2002b] report
examples of traditiond and urban critical points. Examples of traditiond points are command and
control, reserve forces, firgpower concentrations, key intersections, high ground, and sdlected low-
dengty capabilities Examples of urban points enhance the traditiond points with concentration of
noncombatants, low-dengity support assets (e.g. hospitals and power plants), influentid civil authorities,
and potable water. For instance, within the Los Angelesriots case in 1992, few criticd points were gun
shops, fire departments, museum and galleries, welfare offices, and public utilities substation and control
centers.



Knowledge about urban battlefidld might help to sdect the urban critica points. Moreover, this
knowledge can dso be used for misson planning, incuding threat assessment and resources
management dong the misson. Pat of misson planning and execution concerns the communication
network efficiency. For ingtance, from the terrain geometry and the availability of resources, a map of
the antennas line of sights can be drawn.

Experience from past lessons highlights the problem of friendly casudties and collaterd damages. From
this experience and from a priori knowledge about the conduct of operations, the system should be
able to efficiently plan and update troops movements in order to avoid confusion, which is frequent
within urban terrain. Coupled with a functiond communication system, this UDFCC capability might
reved ahigh payoff.

The indlusion of knowledge related to weapons within the system database, might alow blast prediction
andyss. Hence, the wegpon (or charge) sdection process might be both facilitated and optimized,
increading the possibility to reach the desired effect aswell as minimizing the collateral damages.

Knowledge related to the battlefield might dso serve as an input for optima path definition. Whether for
planning or for execution, optima paths definition and selection should increase capabilities regarding
navigation, target acquisition, threet assessment, and more generaly, knowledge inferences [Pigeon,
20024].

Batlefield modeling and analysi's can dso provide a cgpability for military training, improving the troops
ability to react to a wide range of Stuations (can be past or smulated). Thus, it can assess the problem
of culturdly-oriented training. For an individud, the system might be cgpable to adapt and act as a
persond assgant, from training, planning, executing, to performance evauation. Planning can then be
optimized with regard to al the system parameters, including the strengths and wesknesses of soldiers,
units, equipment, etc.

3.2 Synthetic urban battlefield up to date reproduction and formalization (Collection)

The priority for intdligence requirements (PIRs) are based on the needs for information expressed at the
level of direction (previous section). To help understand the urban battlefield, the intelligence collection
plan might include the city infrastructure, the services, the culture, and the order of battles (ORBATS) of
involved forces.

Based on [U.S. Army, 2000], the city infrastructure and services are defined in terms of information
elements such as trangportation, physica compostion, and utilities (eg. communications, natura gas,
dectricity, water, and health services). Intelligence concerns police, fire, medicd, water, graves, trash
disposal, food supply, schools, churches and other critical services. Resources and materials could be
defined by the fuel resources, the materid-producing factories, the machine shops, the foundries, the
water supply, the source of dectricity, etc. Airfield, hdicopter landing zone, roadways, railways,
bridges, subways, power plants, etc., should dl be qudified in terms of location, Size, type, features, etc.



The culture of the city can be made of norms, religious beliefs, government, population, and refugees.
This includes generd information about the whole population and about the socid structure of the city.
The socid gtructure might be described by different dements such as ethnic, racid, reigious, triba/clans,
terrorist, gang, organized crime, economic classes, palitica, and city government factors. The ORBATS
fulfill the information about friendly, neutral and enemy force organizations. Intelligence might assessthe
updating of these structuresin terms of units compostion, status, and relationships (including actions).

Data gathering and capture related to the previous objects, might be stored within the system’s memory,
with respect to the five dimenson data structure mentioned previoudy. This structure, ams to be both
generic -to dlow system evolution and forma -to facilitate data processing-. The proposed structureis
based on the world physica representation of space and time. The latter is considered as being either
accomplished or unaccomplished with respect to the systemn current time.

For example, table 1, table 2 and table 3 would have been described with respect to the five-
dimensions data structure. For table 1, lessons learned from Grozny and M ogadishu can be modeled by
(XY,Zta(WeWy,y), where X,y,z describe the space, t, describes atime that is accomplished, and wg w,
the “world” or operation dimension related to Grozny and Mogadishu. Smilarly, the same dimensions,
characterized by an unset w variable (x,y,z,t,,w), can describe general lessonslearned (table 2). Findly,
chdlenges, which are unaccomplished by definition, can be modeed by (x,y,zt,, w), wheret,, states for
time that is unaccomplished, and x,y,z,w, for any operations within any space, i.e. with respect to
robustness.

All of the data have to be quantified with regard to accuracy. This process is dependent on the context
of the problem. For urban terrain reproduction, spatial coordinates can be required adaptively to the
tacticd actions that are planned. For ingtance, planning for snipers positioning might require a petid
accuracy of 1 meter with ahigh leve of textures. Rescue smulation for helicopter pilots would require a
low spatid accuracy with a high leve of textures. Blast damage assessment andysis should require a
medium-high spatia accuracy, a low level or an absence of textures, and a high levd of detalls for
target attributes related to physical composition (e.g. wood, concrete, glass). The quantities associated
to low and high can be sat from fuzzy membership functions. The same process applies to the
parameters setting of the learning component, al-source sensors that provide system’ s inputs, etc.

3.3 Urban battlefield data exploitation (Processing)

Combination of the previous acquired data and the a priori system’ s knowledge alows data exploitation
and enrichment through inferences. Consequently, gaps related by the lessons learned can be partidly or
fully assessed. For instance, based on an efficient Stuation monitoring, the difficulty to tell friend from foe
can be dgnificantly diminished, then reducing fratricide casudties. Another example can rey on the
UDFCC capahility of processng the estimation of future states in order to plan obscurant use (e.g.
location and quantity). The estimation of future states is deduced from the weeather conditions and the
threat assessment. From the main behaviors of crowds, models can be inferred in order to predict
possible reactions and future states. This can assess combatants from non-combatants sorting, as well



as collaerd damage avoiding or reduction. Also, this may help to predict interactions between
combatants and non-combatants with respect to the city culture and socid structure.

The three dimensions of the terrain, combined with the reported threat positions (e.g. snipers, mortars,
canons - which can be characterized by different accuracies) can provide a symbolic mapping of terrain
with regard to the associated threat range. Mapping can aso represent the electromagnetic spatia

digribution (EMS). For example, a sniper threat can be assessed from the sniper postion, the
knowledge about the sniper range (influence by e.g. training, wegpon, and weather conditions), and the
terrain shape. Then, line of sghts can be projected on each terrain areas, providing a terrain mapping

enhanced by an attribute related to the level of threat (e.g. membership vaue ranging from safe zone to
killing zone). Magpping of threats can be inferred for optima path sdections. Still within the DITE
sequence context, a reverse process can be used for target sdlection. For ingtance, an optimal path
sdection would be based on troops mobility, time condraints for moving from point A to point B, and
on the threats present dong the path. The inverse would use the knowledge about the available BLUE
weapons, their ranges, etc. Then, high payoff targets can be sdected and eventualy engaged.

The system’s knowledge resdes within its structured data, particularly the inference networks. From
them, key information can be highlighted [Pigeon, 2002b]. However, when inference redundancy
occurs, data fuson has to be performed. The purpose of fusion is to reduce the redundancy of links
(information overload) and/or to improve accuracy by summing partid data or uncertain data. Reversing
this process could lead to the identification of the place where the redundancy of links s required and/or
of the context to use complementary sources for problem solving. For fuson methods, details can be
found within [Pigeon, 20024)].

Management can be agpplied to a single resource and/or to a network of resources. From possible-
worlds knowledge and learning capacities, the system should be able to predict the impact of resource
on the sygdem dae i.e sysgem time-response to requests, bandwidth bottlenecks, tasks, etc.
Condtructive or destructive interferences have to be assessed in the same phase. From cost functions,
optima path eg. possble course of actions (COAS), within space and time dimensions, could be
generated (synchronoudy or asynchronoudy) for resources managemen.

By definitions, the UDFCC main objective and sub-objectives might drive awide range of sensors (eg.
chemicd/biologicd, MEMS, UAVs, UGVs, sadlites and human sources) through many posshble
goplications. Their interaction is crucid for the viahility of the sysem, which by definition rdlies on their
inputs. The system capabilities to understand the urban battlefield should be applied to the direction of
its sources and their protection. As a result, the system knowledge would be improved and the more it
improves, the larger the chances of success are.

Findly, the system experience might be recorded within the w data dimenson, and optimized by a
learning capability [Pigeon, 2002a]. The learning tasks range from the systlem’s components rdiability
assessment to the generation of possible worlds as estimates of futures possible COAs.



3.4 Synthetic urban battlefield visualization (Dissemination)

The system intelectua patrimony is generated by the combination of the reproduction of the urban
battlefidld, and the enriched knowledge that results from data exploitation components. Knowledge
holding is not sufficient to reach information superiority. For this achievement, efficient visudization must
be performed with regard to user informative need. The representation can be two-dimensiond maps
(2D), three-dimensonad maps (3D), 3D photo-redistic urban models, etc. These can include the
exterior of city Structures, interiors, subterranean corridors, etc. Visudization can be performed from
geometry and materid attributes radiometry. For the latter, a shortcut would be to include images of
texture referenced with terrain objects. Pseudo- colors might represent threets or objects of interest, il
with respect to the user informative need. For instance, experience acquired a the Summit of Americas
(Quebec City, April 2001), shows requirements of 2D representations at the operationa level, and 3D
representations at the tacticd leve. The next figures show examples of urban battlefield visudization

possihilities.

®)

Figure 1: 3D models of Quebec City (Canada) —
Accuracy for geometry: around 1-meter (a) and around 0,5-meter (b).



®)

Figure2: Futuristic 3D holographic display for battlefield visualization - Geometrical view of thecity (a) and
pseudo-colorsfor theinstance of threat assessment (b).

Figure 1 present 3D models of Quebec City (Canada). Models accuracy for geometry is around 1-
meter for figure 1a, and around 0,5-meter for figure 1b. Figure 2 shows battlefied visudization within
the UDFCC facility. On atable, a 3D holographic display shows to commanders (users) the sysem’s
knowledge associated to the terrain. Figure 2a exemplifies a geometrica view of the city, as figure 2b
illugtrates the pseudo-colors used for the instance of threat assessment. Outside the UDFCC facility,
visudization might be performed smilarly asfigure 3 representation.



Figure 3: Futuristic representation of the UDFCC knowledge dissemination on theterrain.

Hence, based on sdected information requirements with regard to communication condraints and
equipment performance, the UDFCC information strengths might provide dl levels of command with a
clear and robust understanding of the urban battlefield. This corresponds to the fulfillment of the main
objective of the system.

5. Conclusion

This paper presented a concept of UDFCC based on lessons learned from urban operations and from
information system design considerations. The proposed system, which outlines were qudified as a key
system for urban operations in 2020 (NATO SAS-30 study), might assess the critical need for a robust
understanding of the urban battlefield.

The UDFCC fadility is intended to improve the understanding of urban terrain for the planning and the
execution of missons. Its visudization capabilities might be performed at both operationd and tactica
levels. Moreover, wargaming, rehearsd, and smulation might be redized based on possble worlds
generation.



Because a key system becomes a key target, a distributed center might be designed in order to spread
the expertise incorporated throughout the battlefield. As a consequence, the threat associated to the
target is reduced. Efforts for UDFCC design, development, and implementation should then be placed
on security and protection. A robust result could hence lead the conduct of urban operations to success,
in terms of collaterd damages, fratricide, psychologicd sequels, and other difficulties reduction or
avoidance.
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