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The success of any military operation is related to the abil-
ity to observe the battlefield state, decide and act in a mini-
mum time, guided by the current situation. This essentiallya
means having an OODA loop faster than the enemy force,
Based on the Boyd's theory [1], we have been working on
the development of a framework that speeds up the obser
ing and the orienteering steps by the application of comput
ing techniques and portable electronic devices.

has the goal of providing, in a unique environment, som
relevant information to the high command such as:
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INTRODUCTION Achieving these goals, we intend to provide to the high
command an adequate tool to manage subordinate forces
deployed in theater operations during military trainings A
result, we still provide to the subordinate forces a use-
ful mechanism to navigate and quickly orient themselves in
relation to command and control measures established.

The system to support Command and Control — C2

Sketch graphically, in interactive time (near real time),
the monitored elements of a force deployed in theate
operations as well as the information about speed an
direction of travel of these elements;

Provide information graphically, about the line-of- ) )
sight, the weapon range and the radio range of thd-igure 1: Monitored elements seen from monitor of stateful
monitored elements: station (red and blue icons)

Present thematic layers with various coordination and
control measures used in military operations, such asé ARCHITECTURE OF THE SYSTEM
goals, boundaries, landing beaches, among others; U

Record in a database positions occupied by monitorec'jzor a better understanding of the proposed system it is es-

. : Do “Sential to explain its pipeline. Looking at the Figure 2
elements allowing the reconstruction of their itinerary; we can identify two main blocks: monitored element(s)

Enable virtual positions simulation of monitored el- and stateful station. The monitored element contains some
ements, allowing the establishment of retransmissiorportable electronics devices such as a small computer, a 3G
stations, fire and visual coverage, in better conditionsmodem and a GPS logger. We will talk specifically about
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Figure 2: Architecture of t

the framework’s hardwares on the Section 3.
The main idea was to write a script, in our case we
use Lua [2], able to do the parsing of the National Marine

he system to support C2

So, we found on the market the GPS logger Igot—
U GT-600, the computer fit — PC2, the battery Tekkeon
MP3450 R2 and the monitor MIMO, with the main fea-

Electronics Association — NMEA sentence, received by thetures illustrated on the Tables 1, 4, 2 and 3 according to
GPS logger, and transmit/store a record with informationthese requirements.

such as current speed, latitude, longitude and travel direc

tion. After the parsing we insert all this information in two

We should note that these characteristics are mainly
required by “monitored element”, as the “stateful station”

databases: local (monitored element) and remote (statefalould be installed in a room. In this case, the devices used
station). The connection with the remote databases is esteed not to be light or use external batteries.
tablished through a 3G modem. Actually, any remote con-

nection technology can be used (wi—fi, radio, satellite...)
Using a specific application built to handle such data,

both members of the system (monitored element and state-
ful station) can access a display that shows an icon repre-

sentative of the monitored element georeferenced. We wil
explain details about the application on the Section 4.
The framework is still able to keep audio and video

communication between the monitored element and the
stateful station through any communication software such

as Skype, MSN, Ekiga...

3 HARDWARE SOLUTIONS
As the proposed framework must be able to monitor from
military vehicles or vessels to a soldier, we had to look for
hardware that possessed the following characteristics:

e Light

o Small

e Good battery life
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Figure 3: Vest of monitored element

To solve the problem about how to carry this equip-
ment while keeping the monitored element’s hands free, a
good approach was to build a vest. The construction of the
vest sought to ally materials with the resistance needed to
military activities with a design that would promote a good
distribution of equipment by the user’s body. The compart-
ments that accommodate the devices still provides a satis-



factory water protection. Figure 3 shows the vest and Fig- The application makes a query to the database to up-
ure 4 shows the hardwares used by Monitored Element(s)date the information of the monitored elements (position,
speed and travel direction) every 5 seconds or other config-
urable interval.

Data such as speed and travel direction are displayed
directly as they are read from database. Figure 5 illustrate
this proceeding.

Sistema de Apolo ao Comando e Controle

Figure 4: Hardwares used by Monitored Element(s) i R oo dment e

-Name;
-Position (UTM coordinates):

-Speed (Knots); and

4 APPLICATION DEVELOPMENT
The application that runs both in the monitored element ané:Igure 5: Data from "1CiaCC" seen on the screen of the
. ) ._System to support C2
stateful station was developed using Lua as programming
language. A toolkit called Portable User Interface — IUP
was used for building graphical interfaces. All elements
designed on the canvas of the application were created ug:2 Visual Range
ing a graphic library called Canvas Draw — CD . The im-
ages displayed are manipulated through a toolkit for digita
image called Image Representation, Storage, Capture ar%e

. too
Processing — IM. . . L

The application can be run on several OS such as The implementation was modeled by a directional
MAC. Windows and Linux cardioid where the range maximum visual considered the

gaked eye is 4Km. It is worth noting that the choice of car-
dioid to model the human visual field was due to the fact
this is the geometric figure, with defined mathematical for-
mulation, which best approaximates the human visual field.
4.1 Position, Speed and Travel Direction We also considered as input parameters, the altitude of
As explained in the Section 2, the application gets Iongi-the current positio_n of the monitored'element, its dirattio
tude, latitude, speed and direction of a monitored elemerf! travel and terrain to your surroundings.

by a query to the database (data entered into the database
coming from the NMEA sentence parsing). To draw the & ' ; o
icon that represents the element on the georeferenced posi- é- :
tion is necessary to follow these steps:

To simulate graphically the terrain area seen by a monitored
ment from his current position, we use a visual range
l.

In the next subsections we are going to discuss th
modeling of the possible simulations on the application.

e Through Google Earth or other image provider, we _ - _
define the limits of the theater of operations using a RE (B ) ¢
placemark. This way we obtain the initial and final ) ;
coordinates of the monitoring area.

1_CiaCC

e We do a query to the database to find the position of
the monitored element (we expect that this element is
within the limits of the theater of operations).

e Using a Lua function to convert latitude/longitude co- Figure 6: Height map
ordinates into image coordinates we find the exactly
point on the canvas where the application should draw  The applied algorithm [3] needs the altitude attribute
the icon of the element . of each pixel internal to cardioid. For this reason it was ne-



cessary to build a height map of the monitoring area (showrl.3 Weapon Range

in Figure 6). In this tool we simulate graphically the weapon range of a

The algorithm compares the altitude of the monitoredy, ,,itored element. It is important to note that the modeling

eler(?_e_r:jt pobsiti_on (\jNifth thi a_lti;[]ude of eac:_ pixel internal to . siders just weapons projectiles having roughly straigh
cardioid (obtained from height map). This COMParison i aiectory (pistol, machine gun o rifle, for example).
done based on the current position to the edge of the car- * 11,4 weapon range simulation is quite similar to vi-

dioid and' 0to 359 degree_s. If.the altitude of the monitore_olSual range simulation. The algorithm applied is the same.
element is greater, the pixel is colored green. If the alti-rg oy gifference is that we replace the cardioid with an
Wde IS less, _th_e procedure is stopped and restarted in a ne@ﬁipse. The current position of the monitored element is
direction until it completes 360 degrees. . one of the ellipse’s focus and the maximum weapon range

Analyzing the example given on the Figure 7, if We s yhe major ellipse’s axis. When the application makes a
had an element positioned in P1, all points belonging to they,h 466 query, the information about what kind of weapon

line that starts from P1 to P2 would be considered visibleand its maximum range is known. The travel direction of

by the applied algorithm. However, P3 would not be visiblethe element provides guidance for the ellipse.
from P1. Figure 9 illustrates the result of this tool. All area col-

The result of this tool is shown on the Figure 8. We ored in red could be reached by the weapon affaCC”
can notice that all areas colored in green represents eisiblfrom his current position

points by the monitored element ‘QiaCC” from his cur-
rent position.

Figure 9: Result of the tool “Weapon range”

Figure 7: Visualization algorithm .

4.4 RadioRange

A common problem that usually happens in military train-
ings is the loss of communications for some fraction of
the troops. To try to predict and understand the origin of
this type of problem we have developed the tool to simu-
late the reach of radio equipment associated with specific
monitored element.

As input parameters we consider the terrain and the
maximum range provided by the manufacturer of the used
radio. Again, the algorithm used is very similar to what
was used in the tool that outlines the visual range. The
differences are as follows:

e The geometric figure used is a circle that is centered
in the position of the monitored element. The circle’s
radius is the maximum range radio provided by the
manufacturer.

_ . e To model the influence of terrain on the propagation
Figure 8: Result of the tool “Visual range” of electromagnetic waves we consider the following
condition:



If there is any point internal to the circle (previously s T
explained) 100 meters of altitude above the positiorn™ ™
of the monitored element it will block the electromag-

netic waves from there.

TRAJETD GE §ARCAS

e All points colored in blue represent the area reacheq” tar Notaj<,

by the radio electromagnetic waves.

. do Calaboyg 33,

Figure 10 shows the result of this tool.
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Figure 11: Result of the tool “Radar Simulation”
Figure 12 the depth map from Guanabara Bay. The depth

map construction is based on the nautical chart’s lines that
joins points with the same depth.

Figure 10: Result of the tool “Radio range”

4.5 Radar Simulation

The movement of approach of various vectors that carr

troops from ship to landing beaches, in amphibious oper

ations in military training, is a time that requires great co

ordination and control of the upper echelon. Depending or

the landing beach, the existence of various natural oketacl

in this path can easily damage or even prevent the vectors

to reach the planned beach . Figure 12: Construction of a Depth Map
To assist this approach we have developed a tool that

simulates the behavior of a radar providing to the monitored

element data such as the distance from its current position.7 virtual Position

to the nearest point above sea level. Th blem to be treated by this tool is the ad i
We modeled this tool with a circle centered at the cur-' "¢ Probieém to be treated by this 1ool 1S the adequate es-

rent position of monitored element. The radious of the cir- tablishment of coverage of communication/fire in an area

f operations.
cle (radar range) is configurable. Applying the similar al- 0
gorithm of visual range tool, a scan is performed inside the Tthethuser f]atr;] S|mLchIate the ratmgle of th rgdlotofl?ny el-
circle where all points above sea level are returned. In thigMent through the radio range oo, and ind out all areas

case we consider the information brought by the nautica[10t covered by the scope of radio as a function of the limit
charts in order to discover points above sea level. of its range or the presence of a mountain, for example. In
We can check the result of this tool in Figure 11 this case, the user can simulate through the tool “Virtual

Position” the positioning of a selected element in any point
: : of the theater of operations executing the task of a retrans-
4.6 Echo Sounder Simulation mission post.
Anotherimportant information during the transfer of tr@op This is too a quite useful tool to establish the ideal
from ships to landing beaches is the current depth along theover fires of an area. Using the weapon range tool the
navigation path. Thus to provide this information we havehigh command can simulate all area that the arming of a
developed the tool “Echo Sounder”. specific monitored element(s) can achieve. Thus, if there
The system requires the construction of a depth mags an important area that is not being covered, through the
to be able to return the depth of any point. We can see iwirtual positioning tool, we can check the best position(s)




to be adopted to resolve this issue. It is possible to siraulat
different main firing direction through a dial control devel ¥
oped in this tool. We can note in Figure 13 a case Wher%

y

the travel direction of the virtual element ‘QiaCC” is not
allowing him to fire P1. The user has just turned the dial/
control to change the virtual element’s travel directionl an e
find out that, from the simulated position (facing a differen [ g
direction), is now possible to fire P1. o
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Figure 14: Result of the tool “Itinerary”
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in Figures 8 and 10 images of the same theater of opera-
tions obtained from Google Terrain and Google Earth re-
spectively. The user just sets the desired background and
the application changesit.

It is still possible to load an image with all C2 mea-
sures used in a specific military training as background. In
this case is necessary to previously draw such measures,

P, . through an image editor. We can see an example of this

case in Figure 15 where the monitored elemen€CiaCC”
1om is navigating to the “yellow landing beach”.

 wragem_Satwite
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Figure 13: Establishment of the cover fire

4.8 Reconstruction of Itinerary

All positions occupied by a monitored element are storec
in a database. This allows us reconstruct all monitored el
ement’s path. Thus the high command can find out if any
planned maneuver was effectively executed (according t
C2 measures) and how it was executed.

Another interesting point is that the system records
when the positions were occupied. So this still allows in-
vestigating in better conditions any problem that may hap-
pen during the training such as an accident, for example.

Figure 14 shows the canvas of the application wher
the tool is used to reconstruct the path of theCRACC”.

4.9 Thematic Layers

The application allows the user to choose different theenati
backgrounds to view the monitored elements. We can see

Figure 15: Thematic Layers: the coordination measure
“yellow landing beach” seen in two different backgrounds



5 CONCLUSIONS
The implementation of the system to support C2 contributes

Table 2: Battery specifications (Tekkeon MP3450 R2)

to an almost immediate observation of all subordinate units Weight

15.3 0z /4309

of a force deployed on the operations area by high com- Size

6.85" (L) X 3.32" (W) x .89" (D)

mand. The framework still provides to the monitored el- Battery Cell

Rechargeable Lithium Polymer

ement an important mechanism to navigate on the theater\Voltage Supported

of operations and, simultaneously, transmit images, ih rea

5V, 6V, 7.5V, 9V, 12V, 14V,
16V, 19V

time, from any deployed element to the high command. Total Energy Capacity

50 Wh

This is quite useful to speed up the observation step from Output Current

Upto 4.0A

OODA loop. However itis important to note that the frame- Charging Time

4 hrs

work should be integrated with other information systems Input Charging Voltage

12 - 20vDC

to obtain data about opposite party in double sided action USB Output Port

Built-in

military training.

Extra Power

3.5/7 hrs(Laptop computers)

The simulation tools developed help decision-makers
to orient themselves more quickly. Thus we believe that
we have contributed to quicken the step of guidance from

Table 3: Monitor specifications (MIMO)

OODA loop.

6 FUTURE WORK
We intend to study mechanisms for integrating information

When folded:

7" x 5.25" x 1” (thickness),
When open:

7" x 4.5” (tall) x 5.25” (base)

Dimensions

systems to the framework. This integration is an attempt

Display size 7

to display both party to decision-makers in a double sided

Display resolution| 800 x 480

action military training.

Brightness 350 cd/m2

An important issue to be improved is the remote con-

Contrast ratio 400:1

nection used by the framework. Nowadays we are keeping

Connections USB 2.0

the connection between monitored element and the stateful
station through a 3G modem. However this kind of connec-
tion is not very stable nor secure. So a possible solution is
to investigate whether some military radio is able to main-
tain this connection in better conditions.

We also intend to improve the modeling of the tool
“Weapon Range”. The idea is to model other kinds of pro-

Resistive Touchscreen
Monitor Pivots 90 degrees
Integrated Stand and Cover
Ultra-portable, weighs less
than 1 pound{ 4509)

Drivers for Windows XP, Vista,
Vista 64-bit included

Features

jectiles trajectory. Thus we will be able to simulate the
cover fires of other kinds of weapons such as mortars and

howitzers, for example.

Table 1: GPS Logger especifications (IgotU GT-600)

Weight 379
Dimension 46 x 41.5 x 14 mm
GPS SiRF Star Il Low Power chipset
Hot Start: <1 sec
Warm Start:<35sec
Cold Start:<35sec
WASS & EGNOS support
Antena GPS Built-in GPS patch antenna
Water Resistant | Yes
Battery Built-in 750mAh rechargeable
Li-ion battery
Build-in memory | 64Mb
Waypoints 262,000
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Table 4: PC especifications (fit—PC2)

CPU Intel Atom 2510 1.1GHz
Chipset Intel US15W SCH
Memory 1GB DDR2-533 on-board
Storage Internal bay
for 2.5 inches SATA HDD
miniSD socket
Display & Graphics | Intel GMA500 graphics
acceleration
Full hardware video
acceleration of H.264,
MPEG2, VC1, and WMV9
DVI Digital
output up to 1920 x 1200
through HDMI connector
Audio Line-out, line-in, mic
5.1 Channels S/PDIF
Networking 1000 BaseT Ethernet
802.11g WLAN
USB 6 USB 2.0 High Speed ports
IR Programmable consumer

IR receiver

Operating Systems

Windows 7 Professional
Ubuntu Linux 9.10
Other operating systems
can be installed by user

Case 100% aluminum

Die cast body
Dimensions 101 x 115 x 27 mm
Weight 370 grams / 13 ounces

—including HD

Power Consumptior]

6W at low CPU load

<7W at 1080p H.264 playback

8W at full CPU load
0.5W at standby
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