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Abstract

Virtual shooting training has become very attractive because of possible cost reductions and precise
evaluation. This article describes the development of a shooting simulator to train soldiers in fluvial
combat. This simulator combines the motion of a mechanical platform with virtual imagery and sound
to produce an immersive scenario for training purposes. Our prototype, which is in its last phase of
construction, has four training tasks with three levels of difficulty. Initially, each task is defined in terms
of a virtual trajectory, used by our custom-based motion platform to produce realistic movements, based
on a simple dynamic model from real measurements. Our visualization, sound effects, and metrics are
implemented on the Torque game engine. Finally, a postprocessor system computes a metrics report.
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Resumen

El entrenamiento de tiro virtual se ha vuelto muy atractivo debido a las posibles reducciones de costos
y a la evaluacién precisa. Este articulo describe el desarrollo de un simulador para entrenamiento de
soldados en combate fluvial. El simulador combina el movimiento de una plataforma mecdnica con
imdgenes virtuales y sonido para producir un escenario de inmersién con propésitos de formacién.
Nuestro prototipo, que se encuentra en su tltima fase de construccidn, tiene cuatro tareas con tres niveles
de dificultad. Inicialmente, cada tarea es definida en términos de una trayectoria virtual usada por nuestra
plataforma de movimiento personalizado para reproducir movimientos reales, basado en un modelo de
dindmica simple a partir de mediciones reales. Nuestra visualizacién, efectos de sonido, y métricas son
implementados en el motor de juegos Torque. Finalmente, un sistema de post-procesamiento calcula un
informe de medidas.

Palabras claves: Plataforma de simulacién de movimiento, entrenamiento virtual, realidad virtual.
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Introduction

The recent armed conflict situation in Colombia
has forced the National Naval Force (Armada
Nacional de la Repiiblica de Colombia, ARC) to
develop special abilities to battle in rivers. Almost
half of the Colombian territory is jungle and most
of this vast area can be cruised by rivers. Jungle
areas are used by guerrillas and illegal drug
producers. Therefore, ARC is very motivated to
develop tactics, equipment, and training for its
troops in fluvial combat. As a result, ARC has
become a worldwide leader in fluvial combat.

The basic ability of a soldier is to shoot different
guns with precision. The use of virtual tools for
shooting training has advantages in cost reduction
(less ammunition wused) and in
metrics (many conditions can be controlled and
monitored). There are many commercial products
available for shooting training, although most of
them are not adequate for shooting training from
a moving vehicle.

evaluation

Moreover, motion simulation platforms
nowadays widely used to replicate the dynamics of
a given vehicle to train different users with lower
costs and risks than real training. This is the case of
combat boats in which users must train to get used
to the unanticipated motions of the boat while

ensuring good performance in their combat tasks.

are

This paper presents the development of a shooting
The
combines the motion of a mechanical platform with
virtual imagery and sound to produce an immersive
scenario for training. The general conception of
the simulator is explained first. The following three
sections describe the mechanical platform, the
simulation software and the postprocessor.

simulator for fluvial combat. simulator

General Concepts of the Simulator

The simulator is based on the use of a dynamic
simulator in a virtual reality environment. The
dynamic simulator is a custom-built robotized
platform with three degrees of freedom that
reproduces the motion of the boat (Fig. 1).

Fig 1. Robotized mechanical platform

The shooting training site is installed over this
platform. It is composed of a section of the hull
of the boat, the back part of the gun (including
the trigger), and a 55-inch monitor where virtual
images are displayed (Fig. 2). The system is
complemented with virtual audio effects. This
site is adaptable for two types of guns and shooter
poses: an M2 rifle (0.50) for a standing shooter and
an MO0 rifle for a seated shooter. The gun mockup
is instrumented; thus enabling the measurement
of events like shooting (trigger), aiming direction
(one encoder for elevation and one for orientation),
unlocking (micro switch), gun reloading (micro
switch) and relative position of the gun and the

shooter (photocell).

The simulator is programmed for a set of training
tasks:  preparation, flank changing, target
identification, target shooting and gun reloading.
Each task can be run in three difficulty levels:
tutorial, normal, and combat. Several parameters
can be selected for each training session such as
daytime, weather, location, number of enemies,
and behavior.

The core of our simulator development is the
feedback on the user's progress. A postprocessor
identifies the user's actions from events in a training
task. Evaluation criteria for task fulfillment are
efficiency (use of resources), adherence to military
doctrine, discipline under attack, along with rules
of engagement and safety. The metrics associated to
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Fig 2. Shooting training site

each criterion are computed by the postprocessor.
Examples of these measured variables are: time
to perform an action (reload the gun, aim at the
target, etc.), number of bullets used, variation of
aiming with boat in motion, and adherence to a
predefined sequence of actions.

Mechanical Platform

To resemble a boat's typical maneuvers, a 3-DOF
parallel robot with a passive mass compensator

(3UPS+PU) was developed (Fig. 3).

Fig 3. 3 UPS + PU platform

Lineal Central Pasive

Actuators Compensator

This robot permits three uncoupled degrees of
freedom of the upper platform: roll, pitch, and
vertical displacement (heave). It is driven by three
electrically actuated prismatic limbs. The passive

Shooting Simulation for Fluvial Combat Training

mass compensator consists of a pneumatic actuator
that keeps a constant vertical force and restrains the
other DOF's by an additional prismatic structure.
The compensator is fixed to the lower platform and
coupled to the upper platform by a universal joint.

After an optimization procedure, the configuration
of the limbs and the position of the shooting
training selected. This procedure
minimizes the average force of each actuator
during a training session. Fig. 4 shows the final
mechanical configuration of the simulator.

site were

Fig 4. Mechanical configuration of the simulator

Three Yaskawa, 800-watt servomotors with Exlar
actuators were used for the robotized platform.
The motion control is performed with a Yaskawa

controller SMC-4000. This

controller allows
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communication via Ethernet with the simulation
computer for synchronization purposes.

Simulation Software

The game engine Torque was used to develop
the virtual scenario and to process events of a
training session. This engine enables the definition
of training terrain, the definition of the boat's
path, the definition of behavior for objects in the
scenario (enemies, civilians, other boats, etc.),
the simulation of events (shooting, impact, tracer
bullets, enemy bullets, etc.), the simulation of light
and weather conditions, and the visualization from
different points of view (user, boat, etc).

Our procedure for terrain definition is as follows
(Fig. 5). It begins with a rough specification of the
geography of the river and its surroundings. Then
the sky and details of the river basins are added.
Finally, the vegetation (grass, trees, etc.) complete
the terrain.

Once the terrain is generated, the next step is to
define possible training tasks on it. This process is
similar to the specification of a storyboard. Fig. 6
shows a terrain and a schematic definition of a task
sequence, in terms of a boat's path. This definition
was made by ARC officers with broad experience
in combat and training. It is translated into a
sequence and saved in the simulation data base.
This operation needs the definition of the boat’s

Fig 5. Procedure of terrain definition

-

)

—
——

Fig 6. Task sequence and boat’s path definition
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path and the association of tasks to each path's
segment.

Two more elements are required to complete a
simulation scenario for a training session: a context
and a set of dynamic objects. The context is
defined by the following set of variables: daytime,
weather, type of gun, training level (tutorial,
normal, combat), and mean velocity of the boat.
Dynamic objects are entities with a body and a
behavior. These include enemies, civilians, groups
of people, other boats, etc. The behavior includes
autonomous actions like moving and shooting,
and the specification of triggers for the action
(for example, hide if a bullet hits near the object,
shooting back, etc.).

Thissoftwareiscomplementedwithcommunications
with peripherals via Virtual Reality Peripheral
Network (VRPN: 10.1145/505008.505019). By
means of VRPN we defined a communication
protocol with our mechanical platform and our
gun. We also add sound in order to create a more
immersive experience.

Finally, a trajectory generator based on a simplified
dynamic model of the boat's motion completes the
simulator software. It receives as input the path
and the the boat's mean velocity and it produces a
number of variations of the trajectories of the boat.
The trajectories differ in few random parameters,
introducing variety in case of repetition of the
training sessions.

The dynamic model was uncoupled by planes.
Fig. 7 shows some degrees of freedom of the boat's
motion and the coordinate systems used for the
model derivation.

Fig 7. Coordinate systems for model derivation

X,

surge: X,u,u

yaw: 1,1

sway: y,v,V
heave: z,w,w

Yo
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The horizontal plane model considers the surge,
sway, and yaw and it is a linearized model of the
Newton equations applied to the boat:

X=mu (1)
Y =m@+ur) (2)
N=Li (3)

where X, Yand NV are force in the x direction, force
in the y direction, and torque around z direction,
respectively, # is the forward velocity, v is the lateral
velocity, and 7 is the angular velocity of the boat.
Rewriting the equations with respect to the mid-
ship point, we have:

4)
(5)
©6)

X =mu
Y=m(v +ur+x,r)

N=L7 + mx;u

In general, Y= Y (, v, 7, #, v, ) and the same is true
for Xand N. So using a first-order approximation

(7)

W) SR RPN QRN QRPN GNP ¢
Y =Au 6u+ Av Py + Ar or + Au aﬂJrAv 6\'/+Ar6i’

Due to the symmetry of the boat, the terms dY/du
and JY/du are null. Using the short notation
dY/dv=Y the equation becomes

Y=vY,+vY,+rY, +rY;

8)

Similarly, for the torque N

N = vN,+ VN, + N, + FN;

©)

The partial derivatives (IQ Y, etc.,) in the preceding
equations are called hydrodynamic derivatives,
stability coefficients or hydrodynamic coefficients.

The following is the set of linearized dynamic
equations of motion:
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X (u—u)+(m—Xy)it=P Cos o

=Yy +(m—Y)v—(Y—mu)r—(¥,—mx,)i = P Sin ¢

(10)

—N,v +(N; — mxg) v—(N,— mxgu)) v +(I, — N;) i = L,P Sin 6

where P is the propulsion force, J is the angle
between this force and the x axis of the boat and Lis
the length from the origin of the coordinate system
fixed in the boat and the point of application of the
propulsion force. The hydrodynamic coeflicients
were taken from literature and Computational
Fluid Dynamics (CFD) simulations and verified
experimentally.

The description of the vertical motion is
approximated by a series of harmonics that
resemble the spectrum of frequencies of the boat's
motion. We used measurements on a real boat,
during a set of typical maneuvers. Both models
were implemented in MATLAB/SIMULINK for

the computation of trajectories.

Postprocessor

Log data of training sessions is downloaded
to a data base for post processing. Three main
routines were implemented for the evaluation of
user performance: a collision detector, a metrics
calculator, and a report generator.

The collision detector allows the identification of
an impact point of every shot during the training
session. If the session includes tasks of target
identification (without shooting), this routine also
computes the line of action of potential shots. Fig.
8 shows the concept of this routine. Large circles
represent constructions, while the small circles
represent people. The medium circle represents
another boat.

In order to compute the aiming direction and the
objects reachable by shots, the historical log of
the session is revisited. Each object in the scene
is surrounded by a sphere and a ray is projected
departing from the gun for each instant of time in
the training session. This information is then used
to compute the metrics related to the task.

Fig 8. Collision detector computing in a
given time instant

The next post-processing step is taken to segment
the whole session into defined tasks. Each task
of the training session should have occurred in a
given portion of the path traveled by the boat. The
log file contains the information of every event that
occurred while traveling that portion of the path,
so events are segmented and associated to the task
under execution during that time.

By using the definition of metrics for each task,
the corresponding variables are then quantified:
number of actions, time until a given event,
sequence of actions, etc. The measurement of these
variables constitutes the basis for the evaluation of
the user's performance.

Finally, a report for the session is automatically
produced. The routine puts together user’s
identification information, historical data on his/
her training, and values of the metrics for the tasks
in the training session.

An example of the report is shown in Fig. 9. The first
section is the user and session identification data.
Then, the percentage in time of each task during
the session is presented, followed by the appropriate
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sequence of execution. Computed values of the
variables for metrics are then included, and the

percentage of success in each task is depicted.

Fig 9. Example of the report generated for a training session

REPORTE

sesion entrenamiento

INFORMACION DEL INFANTE

Castro Martinez, David
Sargento Mayor de Comando
Brigada Fluvial No.1

Documento: 192782

Fecha de inicio: 01/01/2010
Horas de Entrenamiento: 2 Horas
Nivel de Entrenamiento: Tutorial

001

INFORMACION DEL ESCENARIO

Zona: Putumayo
Condiciones de Luz

Hora: 19:00

Neblina: 10%

Clima: Soleado
Recorrido: Velocidad: Media
Intensidad de Entrenamiento: 4
Dificultad del entrenamiento: 4

15/12/2010

Informacion de la sesién

INFORMACION DE LA SESION

Fecha: 15/12/2010

Duracidn: 00:04:25

Objetivos: Mejorar el empleo de la
doctrina y la seguridad en
la ejecucion de la tarea e
identificacion de blancos.

Modo de Entrenamiento: Tutorial

Numero de Repeticiones: 0

Entrenador: Ruiz Caballero, Felipe
Documento entrenador: 19852963

COMPOSICION DE LA SESION

Composicion de la sesidn segun tareas
y repeticiones de cada tarea *ACIBRA

® Alistamiento

B Cambio de frente

¥ identificacion objetivo
W Batir blanco

™ Recargar arma

OPERACION - SECUENCIA DE TAREAS

Orden de las tareas:
1. Alistamiento
2. Cambio de frente
3. Identificacién de objetivo
4. Identificacion de objetivo
5. Cambio de frente
6. Identificacion de objetivo

Las tareas programadas para cada sesion de
entrenamiento asociadas a los segmentos de
la trayectoria del bote.

TIPOS DE TAREAS (*ACIBRA) 7. Batir blanco
8. Recargar arma
5 i . 9. Cambio de frente
A - Alistamiento (*1) 10. Identificacion de objetivo
C - Cambio de frente (*3) 11. Batir blanco
I - Identificacion de objetivo (*7) 12. Identificacion de objetivo
B - Batir blanco (*3) 13. Batir blanco

14. Identificacién de objetivo
15. Identificacién de objetivo
16. Recargar arma

RA - Recargar arma (*2)
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REPORTE

sesion entrenamiento

001

DETALLE DE LA EJECUCION DE LAS TAREAS

15/12/2010

Ejecucion de la sesion

1. Alistamiento (00:00:01)
EFI_101 EFI_102 DOC_101 DIS_101 SEG_101 SEG_102
20 segundos oK 0K 0 disparos 0K 20%
2. Cambio de frente (00:00:50)
EFI_201 £Fi_ 202 | EF_203 | poc 201 | boc 202 | DIs_201 | SEG 201 | SEG_202
0.3 segundos | 2 segundos oK oK oK 0 disparos 0K 0%
3. Identificacion de objetivo (00:00:55)
£F1_301 DOC_301 DOC_302 DIS_301 REG_301 SEG_301
5 segundos 3 segundos true 0 disparos 0.5 segundos 3 segundos
4. Identificacién de objetivo (00:01:00)
EFI_303 DOC_301 DOC_302 DIS_301 REG_301 SEG_301
20 segundos 0.1 segundos false 0 disparos 0 segundos 0.1 segundos
REPORTE 001 15/12/2010
sesion entrenamiento
Ejecucion de la sesion
EVALUACION
Porcentaje de éxito en la ejecucion de las tareas Secuencia:
s={A,C,I,I,C,I.B,RA,C,1,B,1,B,I T, RA}
Alalistamiento)
1A N 118 W
C{cambio de frente) 2_( . 12_1 .
31T N 13B W
I{identificacién de objetiva) 4_1 - 14_1 .
sC N 151 |
B(batir blanco) 6_I . 16—RA .
78 N
8RA W
RA( ) -
recargar armaj g_c .
0% 20%  40%  60%  B0%  100% 101 W
Conclusions Acknowledgements

The conception and development of a shooting
simulator for training in fluvial combat have
been described. Starting from the definition of
the set of combat tasks, a mechanical platform
and simulation software have been combined to
produce an immersive scenario for training.

The prototype permits training individual users by
recreating the motion, view, and sound of the real
boat. As the training scenario is fully controlled, a
set of metrics to measure user progress is computed.

Once the prototype is finished, training tests will
be conducted to test the level of realism of the
experience and its effectiveness for developing the
user's combat abilities.
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