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Abstract

Today we all are faced with very dynamically changing circumstances and characteristics of military conflicts. Additionally MOD’s have to struggle with incessantly reducing budgets. This affects also the recent requirements of modern training systems. It’s related with minimizing the costs and potential losses of people and infrastructure and maximizing the efficiency in the achievement of military goals. The rationales behind the idea of optimizing the LVC trainings into the most effective methods are presented in the paper. At various levels of military education, systems from the L, V or C domain can be employed. These synergies and overlapping of educational areas are presented. Also a sample of technical capabilities of today modern training systems to integrate the LVC domains has been presented. However the technical possibilities are much mor broader then the needs of MIL-training. Also a very important aspect of working with modern LVC systems is the use of the results for military Operations Research. Few benefits from this area have been presented. For the author it is clear that synthetic based training methods will not complete replace the live training or LIVE Simulation. There are much situational trainings what can be undertaken only by LIVE Simulation, what has to be tactile for trainees. In the paper this conclusion is emphasized.
1. Introduction
There are enough examples in the world of todays changing circumstances and characteristics of military conflicts. Beginning from the Gulf Wars, the war in Afghanistan or in Libya, we see how fast and specific the conflicts are ([1], [2], [3], [4], [5]). Soldiers today have to be prepared to deploy on special missions in a short time and to fullfill their tasks in most effective ways. Additionally MOD’s have to struggle with incessantly reducing budgets. This affects also the recent requirements of modern training systems. In general terms, main requirement, which have to be fulfilled with state-of-the-art training equipment, is to support the prepartion of soldiers for their military duties. It’s related with minimizing the costs, reducing potential losses of people and infrastructure and maximizing the efficiency in the achievement of military goals. 

These facts started to change methods of traditional training to new approaches using the LIVE, VIRTUAL or CONSTRUCTIVE Simulation&Training tools. This trend prompts still the new ideas of further development of training systems. In this paper we will discuss some ideas of further development of the LVC tools and will ask questions about which direction should be chosen for maximising the benefits of the end users. The main focus here is on land based forces but the examples are also applicable in the other type of armed forces.
Training supporting tools from L, V, or C systems can be applied at various levels of military education. Based on proposition from Lt Col Uebersax [6], the education system for a military personal can be expressed in a form of pyramid, see figure 1.

[image: image12.jpg]}
A NATO
\4% OTAN




Figure 1: Military education system with application of LVC S&T [6]
The education starts from the basic training of weapon handling and basic military skills on the level of individual soldier. Further soldiers have to be trained to work in the small groups as e.g. squad level and force on force fighting techniques. On the higher level of complexity the tactical training on e.g. battalion level will be realised, where the focus will be on the decision making by commanders from the squad to battalion level. On the theatre/campaign level mostly commanders of brigade and divisions will be trained within the planning and development of the possible conflicts scenarios.

On the left hand side of figure 1 a structure of the education divided into the various simulation domains has been proposed. From the training of individual soldier level up to mission & battle, tools from VIRTUAL Simulation can be applied. If the training of commanders from the platoon up to the brigade level has to be considered, than a CONSTRUCTIVE systems will be used. Other tools will be provided where the realistic environment, real weapons, real human reactions and interaction and factors as a stress, tiredness will be in the main focus of the training. In such case, the LIVE simulation will be applied on levels from individual soldiers up to the joint forces training.

Regarding the time scale, the education process of the soldiers can be presented as in the Figure 2.

[image: image2]
Figure 2: Enter text (RTO Table Caption)

Figure 2: Military education system on a time scale

Also the live shooting training has to be considered, which will be mainly executed on the basic level expressed on the pyramid, on the figure 1.
These representations of a military education is mirrored by a product structure of the company Ruag Defence as a supplier of complete solutions for LIVE and VIRTUAL simulation and supporting services, see Figure 3.

[image: image3.png]



Figure 3: Complete system solution of company RUAG in LIVE and VIRTUAL S&T

Every level of the education has another focus, starting from individual skills up to the executing of military operations on the brigade or higher level. As we have seen on the Figur 1 the various levels are today supported more by LIVE and another more by VIRTUAL or CONSTRUCTIVE training systems.

Main and common goals of the S&T systems can be expressed as:

· Reduce Cost (no real ammunition, no wear of operational systems)

· Fulfills Constraints (environmental polution, safety requirements)

· Increases Efficiency (more realistic, objective evaluation, certification) 

· Supports all Phases of Training where ever possible
Most companies offer training solutions which are strong specialised in the own business area. There are only few producers where the LV&C systems are designed as a one compatible system.

2. Synergies and Integration

Looking comprehensive on the market of LVC S&T merging possibilities or integrating the solutions from one domain into the other can be recognized.

Much broader spectrum is available if we look what is generally not only today technical possible, but maybe tomorrow. To find out the right direction of future developments the customer needs to clarify its training needs.

From the technology point of view, the solutions used in LVC products are based on recent achievements of engineering developments. Additionally the training equipment is not going to be used as combat equipment, what allows using the always newer high tech and faster changing technology solutions.

As an example of using the synergy can be mentioned a idea of using the computer Generated Forces with integrated Artificial Intelligence from VIRTUAL Simulation in the LIVE Simulation.

Similar to the project MARATHON [7], [8], as on the figure 4, forces can be replaced with a 3D shooting targets moving on the platforms as segways. 
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Figure 4: 3D shooting targets on a moving platforms.

Such target could be made destroyable by the laser shoot generated by LIVE Simulation tools. The acting of the simulated forces is based on Computer Generated Forces equipped with an Artificial Intelligence software engines. How the simulated forces will move and react during the military episode can be fully programmed according to the certain doctrine or reactions scheme. The devices can be fully automatically or controlled by the operator.

The benefit of here presented 3D targets integrated with a LIVE Simulation and using the solutions of CGF from VIRTUAL Simulation could be reducing the personal working as statists or enemy forces during the LIVE S&T exercise.

The technical challenges needed to be solved, before such idea will be applicable into the LIVE Simulation is a function of shooting back by the moving targets. After looking a little bit more carefully, it next technical limitations of present solutions can be rapidly recognized. The system proposed today is limited to the training area where the vehicles can move without any obstacles. So, actually only training in the open field on the good prepared surfaces is possible. 

Another example of using the synergy between LVC domains is adapting the software module of CGF from CONSTRUCTIVE Simulation, into the VIRTUAL simulation. Today, almost every NATO country is using some kind of virtual simulation for a driver, gunner and whole crew of MBT and so on. The software behind those simulators is already today using the Computer Generated Forces with applied Artificial Intelligence specially suited to the needs of VIRTUAL S&T.

The here presented idea can help to enhance the one domain by involving the solutions developed originally for another domain. Such possibilities can be surely found in many other points.
Another direction of a development of the future training systems could be the arrangement of a common training with integrated elements from the LVC systems. 

Mostly the military training is based today on playing some episodes from the subject areas as exposed in the table 1.

Table 1: Training of defined episodes with LIVE Simulation

	Episode Area
	Characteristics
	LIVE Simulation support

	Conventional War


	In open, maneuverable terrain that is available to attacking or defending forces

In complex urban environment with plenty of actions packed in time and space
	Combat Training Centers (CTC and

Direct Fire Weapon Engagement Simulators (DFWES, mainly Laser Simulators)
Military Operations in Urban Terrain Training Centers (MOUT) and DFWES

	Asymmetric Warfare
	Peace enforcement and support operations (transports, medical and human aid, Three-Block-War situation) Comprehensive training for Operations Other Than War (asymmetric warfare, care for civilians)
	Peace enforcement and support operations use DFWES and IED Simulators

	Activities against IED attackers and suicide bombers
	Counter Terrorism Tactical Training to avoid IED attacks and for proper action after IED attacks
	DFWES and IED Simulators


For the purpose of discussing the integration of various systems, let us consider theoretically a military training on battalion level. We assume, that parties as armoured infantry, area weapons, close area support, HQ also civilians etc, are involved, as showed on the figure 5.
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Figure 5: Theoreticaly defined MIL training on the battalion level.

The idea is to use training supporting equipment simultaneously.

The Infantry and whole training centre could be equipped with training systems, as e.g. the GLADIATOR from RUAG (figure 6).
[image: image7.emf]Universal Helmet Unit

Integrated Harness Unit

Integrated Laser Unit

LIVE Simulation


Figure 6: RUAG equipment for a single soldier - GLADIATOR

Area weapons as artillery represented by a howitzer can be applied inform of a VIRTUAL simulation. Today it is already not a big issue to project the combat situation from the LIVE arena into the computer graphics of the V-Simulators. The battery of howitzer could be placed completely in another location than a mil exercise camp and if the commander from the field requests an attack in an certain area, the battery commander in the V-Simulator will execute this order. The results of his decision, the artillery attack will be visualised and represented back at the LIVE training area, using the radio links and pyrotechnics, as already available today.

The same possibility could be used for attacks from air with a deployment of fighting jets.
What about other Virtual Simulators like helicopters or Main Battle Tanks (MBT) – could they be also integrated into such training? Here technical challenges are much more sophisticated.

It is quite clear today for engineers, how to transfer and project the scenario in a quasi real time from LIVE battlefield into the virtual reality. But how to do this task vice versa, how to show to the soldiers, located at LIVE exercise place, a helicopter or MBT that is physically somewhere else in a VIRTUAL training facility? Additionally the helicopter or MBT simulators must be destroyable by certain weapon types carried by soldiers.

One possibility is to use vehicles like UGV from BaseTen [9]. This kind of vehicles can be fully instrumented with devices needed for S&T and safety reasons and can be remote controlled from the VIRTUAL simulator, see figure 7.
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Figure 7: UGV of a BASE Ten company [9].

Another possibility is to mix the LIVE and VIRTUAL S&T by augmented reality. Soldiers could be equipped with already for military applications used head mounted displays, which are partially transparent and where virtual objects could be projected. The technology of such displays would allow this kind of application already today, but the bottle neck is located more by a software power and localisation of the soldier position and interacting with the projected objects ([10], [11]). (Network latency, Area Data Base )

Similar situation or scenarios could be defined with the deployment of UAV’s. Those could be used as a representation of VIRTUAL-simulator of helicopters. On the civil market the UAV’s are developing very fast and today the main technical challenge regards the autonomy and weight.
Small UAV’s instrumented with video cameras could be also help to merge the CONSTRUCTIVE with a LIVE and VIRTUAL simulation. In the introduced training scenario, the HQ can be based on the CONSTRUCTRIVE Simulation. Some of the tasks or orders could be forwarded into the LIVE Training and V-Simulators, were the real actions will be executed. The feedback will be prompted as digital information about the status of the forces, his positions etc. and additionally also a video stream from a UAV’s can be used. Also STAR tasks (surveillance, target acquisition, and reconnaissance) can be supported by the mentioned UAV and the information can be transferred to the CONSTRUCTIVE simulator as a supporting tool for decisions.

This all is today technically possible. Though, to build this kind of solution a certain amount of resources would be needed. Is this a direction the end users will need in the future? 
3. Operations Research
A very important aspect of employing the modern LVC systems is the possibility of using the collected data for military Operations Research. For the following purposes can the OR benefit from the LVC ([12]):

· verification of new doctrines

· collecting the statistical data for building a new models

· verification of efficiency of new weapon types.

The LIVE training system is controlled from the central station called Exercise Controll (EXCON).

Already today those systems are collecting in the background information like:

· who on who and with what kind of weapon shooted
· what status of the healthy has a exercise participant.

· what injury has been induced with what type of weapon?
· statistical data about the number of forces, number of injured or destroyed disabled „killed“

· with what type of weapon what level of damages has been provoked.
· amount of ammunition which has been used and is still available for logistical purposes
· localisation of the shooter and target with the distance between them
The system can also collect for example the path length which has been made by soldiers during the exercise. Also statistical data of using the radio communication system can be stored. It looks very important to be a information about the reaction time, how long it take to the attacked troops to stop, recognize the position and type of attack and answer with proper fire.

Today with sensors integrated in the textile it is also possible to collect the values of vital functions parameters, like blood pressure, heart pulse, stress level. The purpose would be to check those kinds of parameters during the training and know what impact plays the situation mostly on key persons like a group leaders.
Whole this kind of data collected during the LIVE Simulation exercise can help to build new models of Computer Generated Forces (specific for a terrain or type of troops) or can support the process of definition of new doctrine or procedures of using a new type of weapons. This potential, in the opinion of the author, has not been used sufficiently today.
4. Conclusions
For the author it is clear to envisage that synthetic based training methods will not complete replace the live training or LIVE Simulation. There are much situational trainings what can be undertaken only by LIVE Simulation, what has to be tactile for trainees. In the paper this conclusion is emphasized. What has been recognized, there is a lot of synergies between the S&T domains from LIVE, VIRTUAL and CONSTRUCTIVE. Using them is today or in a close future technically possible. The question is what is actually important and will be required for the end user of LVC equipment. Also the army is still ongoing equipped with a new kind of material like UGV’s, UAV’s or new weapons and for them ongoing a new training episodes and supporting S&T equipment will be needed. Finally the amount of data collected during the exercises is enormous big and with growing capability of IT infrastructure will be even bigger. All those kind of data could be used for a operation research purposes. Only the close cooperation between the end users and industry can drive the development of the future LVC simulation and training equipment in a good direction into optimal solutions.
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