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(54) Method, system and computer program for decision support

(57) Embodiments of the invention provide a deci-
sion support method for use by an operator surrounded
by adverse entities in a battlefield environment, the meth-
od comprising generating a layered representation (200)
of the physical environment surrounding the operator
from sensor information by mapping the spherical phys-
ical environment (100) of the operator into a geometrical
representation suitable for display on a screen, said rep-

resentation being segmented into a plurality of layers
(201, 202, 203, 204, 205) having respective sizes, each
layer being associated with a respective category of tac-
tical actions. The representation further including visual
elements (230) representing adverse entities in the sur-
rounding physical environment of the operator, each vis-
ual element being represented so as to be superposed
with a given layer.
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Description

Technical Field

[0001] The invention generally relates to data process-
ing and more particularly to decision support systems
and methods for use in a battlefield environment.

Background Art

[0002] To manage critical situations in a battlefield en-
vironment, accurate decision support tools can be used.
In particular, decision support systems can be used in a
battlefield environment to help an operator decide which
battle actions to trigger, when threats are detected from
targets in the surrounding environment of the operator.
Such decision support tools can use in combination dif-
ferent types of sensors, actuators, user interfaces and
data representations.
[0003] However, existing data representation methods
used in such decision support systems are generally in-
efficient or under-efficient. For example, with the polar
point of view (so-called "God’s eye view"), an operator
can fail to trigger pre-planned actions versus various in-
coming threats. Such a graphical representation can in-
deed be not adapted for available display or image ac-
quisition means. In this kind of view, relative threat level
of incoming targets may appear unclear, for example
when targets approach from different directions. In addi-
tion, the associated data presentation space can be de-
creasing when threats are becoming closer.

Summary of the invention

[0004] In order to address these and other problems,
there is provided a decision support method as described
in independent claim 1, a computer program as defined
in independent claim 8, and a system as defined in inde-
pendent claim 10. Further embodiments are described
in the dependent claims.
[0005] The decision support method provides a display
of a wide variety of targets and threats information on
any type of display, even limited in size, and can also
provide recommendations about deterrent systems to
use. Certain embodiments also provide ways to show a
wide variety of information in one synthetic, exhaustive
and dense overview without clutter.
[0006] The system can retrieve target information and
deterrent system information from other systems. The
system can collect, process and display the information
to the user. The system can also suggest which deterrent
systems to use, based on multiple criteria.
[0007] More generally, the system can lower the cog-
nitive burden of users, e.g. soldiers. The system also
enables more dynamic actions or reactions and improves
certain defense and offensive actions from the data rep-
resentation of reality captured and measured by sensors.
As a result, the operators can increase their focus and

attention on other and higher cognitive tasks, so as in-
crease response times.
[0008] With such access to dense cognitive informa-
tion, it is easier for an operator to make decisions. Also,
the operator can make decisions faster, in particular in
critical situations in a battlefield environment.
[0009] Embodiments of the invention advantageously
can be used by police forces and other security/protec-
tion authorities (such as military forces).
[0010] Other advantages of the solution include the fol-
lowing:

- Pre-plan action triggers can be visualized per target,
in multiple ways;

- Data representation matches constraints and limita-
tions associated with existing display and camera
perspective means;

- Threat levels of incoming targets are easy to see, on
one horizontal line;

- The data presentation space can remain constant
even when targets are coming closer;

- The operator can be provided with means to enter
detailed information about the defense layers that
are needed and the deterrent systems which can be
used by the methods and systems to suggest defen-
sive actions.

[0011] Further advantages of the present invention will
become clear to the skilled person upon examination of
the drawings and detailed description. It is intended that
any additional advantages be incorporated therein.

Description of the drawings

[0012] Embodiments of the present invention will now
be described by way of example with reference to the
accompanying drawings in which like references denote
similar elements, and in which:

Figure 1A illustrates the general architecture of a de-
cision support system, according to certain embod-
iments of the invention;

Figure 1B illustrates the mapping of the spherical
environment of the operator to a rectangular tactical
representation;

Figure 2 shows the segmentation of the rectangular
tactical representation into reconfigurable sub-seg-
ments; and

Figure 3 illustrates the fusion of information sources
in overlay on the tactical representation and example
of indications of available actuation means.

Detailed description of the invention

[0013] Referring to figure 1A, there is provided a deci-
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sion support system 10 for generating a real-time repre-
sentation of a battle environment aggregating geograph-
ical information and strategic information in a way that
allows a user in the battle field (also referred to therein-
after as an operator), such as a soldier, to make a fast
and efficient decision, in any critical situation.
[0014] The decision support system 10 may be imple-
mented in a computer system 12 mounted on any support
which can be used by an operator in a battle environment,
such as a military vehicle (tank, a submarine), a virtual
or augmented reality helmet, a head mounted display (e.
g. glasses), a wearable computer. The computer system
12 comprises a graphical user interface manager 120 for
generating a decision support graphical interface on a
display 13 connected to the computer system 12. More
specifically the graphical user interface manager 120 is
configured to generate a real time representation of the
battle environment of the operator on the graphical inter-
face. The computer system 12 may be also coupled to a
set of sensors 12 arranged on the support or around the
operator to detect surrounding information. The compu-
ter system 12 may be connected to input devices 14 (such
as small keyboard, pointing device) to allow interactions
of the operator 16 with the decision support system 10.
The display 13 and/or the input devices 14 may be part
of the computing system 12.
[0015] Referring to figure 1B, the decision support sys-
tem 10 is configured to map the spherical environment
100 of the operator to a rectangular tactical representa-
tion 200 generated on the graphical interface of the de-
cision support tool interface. The operator may view such
representation on the display 13 and trigger deterrent
actions with respect to targets directly or indirectly. Figure
1B more specifically shows the mapping between the
spherical environment 100 of the operator and the rec-
tangular tactical representation 200.
[0016] As shown in figure 1, the representation 200
comprises a set of defense layers of static or dynamic
size (or "sub segments") corresponding to real layers of
the spherical environment surrounding the operator.
[0017] According to one aspect of the invention, the
decision support system 10 leverages a bearing-range
rectangle for the representation of data. The middle of
the rectangle represents the center line of the own posi-
tion of the user or of the operator (for instance on a ship).
From this center, the display shows 180 degrees to the
left and 180 degrees to the right. Using this method the
whole 360 degrees field of view is translated and mapped
into a rectangle, suitable for display.
[0018] Such display presents several advantages. The
data presentation space remains constant, even when
targets come close. This type of representation matches
with commercialized visual and camera perspectives.
[0019] The environment of the operator is mapped onto
a substantially rectangular geometry.
[0020] Figure 2 details the decision support graphical
interface including a representation 200 of the surround-
ing environment of the operator. The graphical user in-

terface manager is configured to generate not only a rep-
resentation of the physical environment of the operator
but also a superposed representation of the different
threatening entities surrounding the operator. The spatial
representation is split in different layers, such as 201,
202, 203, 204, 205, depending on the level of threat that
is associated with each layer (referred to as "defense
layer").
[0021] In certain embodiments, the decision support
system 10 may generate an aggregated representation
of the following elements: the defense layers (201, 202,
203, 204, 205), visual information (e.g. 230) related to
adverse entities (such as an icon or an image or a video
of a threatening or ally entity), available subsystems (not
shown), chosen/suggested (tactical) actions (not
shown), threat levels which can correspond to the de-
fense layers, trajectory history information related to the
entities progression in the battle field environments 240
and/or history information to battle related systems or
actions.
[0022] The defense layers (for example 201, 202, 203,
204, 205) are configured to aid the user in the decision
process. The defense layers shown in the exemplary fig-
ure are associated respectively with different categories
of actions that can be triggered with respect to the entities
located in this layer:

- an "Identify" layer 201: if an entity is located in the
Identify layer 201, identify actions can be triggered
to know more about an entity;

- a "Warn" layer 202: if an entity is located in the Warn
layer 202, warning and advising actions can be trig-
gered to warn or advise the entity to reverse direc-
tion;

- a "Deter" layer 203: if an entity is located in the "De-
ter" layer 203, deterring actions can be triggered to-
wards the entity such as firing a warning shot or in-
form an entity that it is getting too close;

- An "Engage" layer 204: if an entity is located in the
"Engage" layer 204, engaging actions, such as using
lethal force, can be triggered to engage the entity;

- A "No Capability" layer 205: if an entity is located in
the "No Capability" layer 205, no action can be trig-
gered toward the entity as such layer corresponds
to the space around the location that is protected
and in which the available systems are unable to
execute.

[0023] The decision support system and method are
not limited to such association between the defense lay-
ers and action categories. In particular, different action
categories may be associated with the layers, depending
on the application of the invention, and the battle envi-
ronment.
[0024] Accordingly, an operator can easily and fastly
make a decision as regard a threatening entity depending
on the position of the entity with respect to the different
defense layers.
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[0025] Noticeably, defense layers have a "begin" and
"end" distance range. For different situations (sea/Port),
different ranges may apply. The ranges can be prede-
fined and static. Alternatively, in one embodiment, the
ranges can dynamically vary over time, depending of tac-
tical scenarios and/or threat levels and/or risk mitigation
levels and/or enemy entities capabilities and/or offen-
sive/defensive own means.
[0026] The user or operator can use the decision sup-
port system 10 to obtain simultaneously local and tactile
information about the surrounding threats. The defense
layers represented in the graphical interface of the oper-
ator correspond to successive circular areas around the
position of the operator. In one embodiment, the battle-
field topology may be taken into account to refine and
modulate the representation topology (for example, a hill
or a river can imply different movement constraints for a
tank for example). As a result of such a pre-processing
step, the representation 200 is mapped from reality cap-
tured by sensors into a tactical representation view inte-
grating a set of predefined parameters.
[0027] In some embodiments, the decision support
system 10 can request and/or receive additional infor-
mation from the user such as the following types of in-
formation: name, begin range, end range. The range
boundaries of the different defense layers can be defined
previously from such user inputs. Alternatively, the range
boundaries of the defense layers can be adjusted dy-
namically, based on sensors’ data. Any number of layers
can be created.
[0028] The visual elements 230 correspond to the en-
tities in the surrounding environment of the operator (pos-
sible targets) which can be displayed in the tactical rep-
resentation. A visual element 230 can be a snapshot
(photo) or display live video from a camera or any other
visual. The visual element 230 associated with an entity
may be also a still image taken from a camera. The de-
cision support system 10 can be coupled to a connected
camera system to automatically acquire an image. Alter-
natively, the user can manually set an image. The visual
element 230 can also be a real-time video, showing in
detail the behavior of the target.A synthetic representa-
tion of the object, taking the aspect angle into account
may be used also.
[0029] The decision support system 10 may further
generate a display of a set of additional visual elements
211 representing deterrent system(s) 211 in association
with each defense layer (201, 202, 203, 204, 205). As
used herein, a deterrent system represents an actable
defensive or offensive system, which can be lethal or non
lethal, and which can be used to repel or deter targets.
Examples of such systems include laser guns, flash
lights, automated machine guns, dazzling lasers, etc. Ac-
cordingly, for each adverse entity located in a given de-
fense layer, the operator can immediately assess the
possible deterrent systems that can be triggered toward
the adverse entity in the battle environment. The operator
may thus trigger directly or indirectly a deterrent system

adapted to the location of the entity. A set of interfaces
may be used to handle the real deterrent systems. In the
representation 200, the visual element representing each
deterrent system may be an image (for example repre-
senting the deterrent system) and/or a name. The visual
representation of the deterrent system may be associat-
ed with additional information such as the effective range
and properties of the deterrent system, such as the types
of force (lethal/non lethal) it can output. The decision sup-
port system may collect information about the available
deterrent systems from various sources such as infor-
mation files. The decision support system 10 may further
calculate if the range of the deterrent system falls within
the range of the Defense Layer and warns the user if the
range does not overlap. The decision support system
may also take into account the probability of effect when
calculating the best deterrent system.
[0030] For each entity 230 forming a possible target,
a history line 240 can be plotted in the tactical represen-
tation to trace the movement of the entity and indicate its
direction (for example with an arrow). The user/operator
can thus know at any time where the entity is, from where
it originated and also possible movements (by anticipa-
tion, for example due to field topology or conditions). On
the history line 240, an icon can be placed to indicate
that a deterrent system has been used to act upon the
entity. Such representation thus gives a concise summa-
ry of the actions the user/operator has chosen for a cer-
tain entity.
[0031] Likewise, for each entity, when a deterrent sys-
tem is selected to act on a given entity or is suggested
by the decision support system 10, a miniature can be
displayed besides the entity, showing the selected de-
terrent system 211. The remaining time to engage can
also be suggested and displayed. The overview can
show for all - or for a subset of selected entities for ex-
ample - how much time the user/operator has (in worst
case scenario) and which subsystem will be the most
effective for the current Defense layer.
[0032] The decision support system 10 further enables
the user to adapt the representation by predefining the
Defense Layers and Deterrent systems on which the de-
cision support system 10 is to be based.
[0033] The decision support system 10 can retrieve
information about the entities (target data) from various
sensors (such as Radars, EO). Such information may
contain Target type, location, speed, direction. The de-
cision support system 10 is configured to connect to dif-
ferent data sources to retrieve the needed target data.
[0034] In addition to the defense layers, some addi-
tional information can be displayed.
[0035] The decision support system 10 can further
generate a representation of additional data in the graph-
ical interface 200.
[0036] Figure 3 shows examples of additional data that
can be displayed in the graphical user interface 200.
[0037] Besides location and direction data, the deci-
sion support system 10 can generate a representation
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of additional visual data 301 (video/snapshots) if availa-
ble, as shown in figure 3. The system can be connected
to a camera or video systems to retrieve this type of data.
The system can correlate the metadata of the visual with
the already present target data.
[0038] A threat level 302 can be further determined
and displayed by the decision support system 10. The
system can take into account multiple criteria such as
range, speed, behavior, closest point of approach, to de-
termine the threat level. In figure 3, one threat level is
calculated and shown to the user. The system can cal-
culate the threat level for each threat. For example, this
threat level can be calculated by Multi Criteria Decision
Making (MCDM) functionality, for example leveraging
weighted criteria, such as range, speed, behavior, etc.
in order to determine how threatening a target is.
[0039] In addition, the decision support system 10 can
generate a representation 303 of the speed of the target,
for example in the form of a cone 303. The form of the
cone may be proportional to the speed of the target. For
example, for low speed(s), the cone may be small and
for high speed, the cone may be large and long.
[0040] The decision support system 10 can further
maintain a history of the track 304 associated with an
entity. The history may comprise a set of location points,
together with a set of deterrent system selections. This
history may be displayed to the user in the view 200 with
a dot line and icons representing deterrent systems pre-
viously selected. Accordingly, the user is able to see
where a target has been, and when/where a deterrent
system was selected.
[0041] Information about deterrent systems can be ob-
tained from the real corresponding systems or a descrip-
tion files.
[0042] The system can store the location history for a
plurality or all targets within the range. The decision sup-
port system 10 may also store the history of certain ac-
tions previously selected.
[0043] Although the embodiments of the present in-
vention have been described in detail, it should be un-
derstood that various changes and substitutions can be
made therein without departing from spirit and scope of
the inventions as defined by the appended claims. Var-
iations described for the present invention can be real-
ized in any combination desirable for each particular ap-
plication. For example the decision support system and
method may generate a representation of tactical recom-
mendations in association with each entity depending on
its position with respect to the different layers, and/or with
respect to the particular position of the entity inside the
layer where it is located.
[0044] Further, particular limitations, and/or embodi-
ment enhancements described herein, which may have
particular advantages to a particular application need not
be used for all applications. Also, not all limitations need
be implemented in methods, systems and/or apparatus
including one or more concepts of the present invention.
[0045] Embodiments of the present invention can take

the form of an entirely hardware embodiment, an entirely
software embodiment or an embodiment containing both
hardware and software elements. In one embodiment,
the invention is implemented in software, which includes
but is not limited to firmware, resident software, microc-
ode, etc.
[0046] Furthermore, the invention can take the form of
a computer program product accessible from a compu-
ter-usable or computer-readable medium providing pro-
gram code for use by or in connection with a computer
or any instruction execution system. For the purposes of
this description, a computer-usable or computer reada-
ble medium can be any apparatus that can contain, store,
communicate, propagate, or transport the program for
use by or in connection with the instruction execution
system, apparatus, or device.

Claims

1. A decision support method for use by an operator
surrounded by adverse entities in a battlefield envi-
ronment, the method comprising generating a lay-
ered representation (200) of the physical environ-
ment surrounding the operator from sensor informa-
tion by mapping the spherical physical environment
(100) of the operator into a geometrical representa-
tion suitable for display on a screen, said represen-
tation being segmented into a plurality of layers (201,
202, 203, 204, 205) having respective sizes, each
layer being associated with a respective category of
tactical actions, said representation further including
visual elements (230) representing adverse entities
in the surrounding physical environment of the op-
erator, each visual element being represented so as
to be superposed with a given layer.

2. The method of claim 1, wherein it comprises asso-
ciating at least one geographical parameter with
each layer, said parameters comprising the distance
range delimiting the layer, said distance range being
associated with a begin range and an end range.

3. The method of claim 2, wherein the distance range
associated with each layer is predefined and static,
or dynamically defined depending on predefined cri-
teria.

4. The method of any preceding claim, wherein it further
comprises generating a representation of a set of
actable deterrent systems in association with each
layer.

5. The method of any preceding claim, wherein it further
comprises generating a representation of the trajec-
tory history information for each entity over the dif-
ferent layers.
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6. The method of any preceding claim, wherein it further
comprises generating a representation of tactical
recommendations in association with each entity de-
pending on the position of the entity with respect to
the layers.

7. The method of any preceding claim, wherein it further
comprises receiving one or more operator selections
to trigger actuation of one or more deterrent subsys-
tems.

8. A computer program comprising instructions for car-
rying out the steps of the method according to any
one of claim 1 to 7 when said computer program is
executed on a suitable computer device.

9. A computer readable medium having encoded ther-
eon a computer program according to claim 8.

10. A decision support system for use by an operator
surrounded by adverse entities in a battlefield envi-
ronment, the system comprising a graphical user in-
terface manager for generating a layered represen-
tation (200) of the physical environment surrounding
the operator, from sensor information, on a graphical
user interface by mapping the spherical physical en-
vironment (100) of the operator into a geometrical
representation suitable for display, said representa-
tion being segmented into a plurality of layers (201,
202, 203, 204, 205) having respective sizes, each
layer being associated with a respective category of
tactical actions, said representation further including
visual elements (230) representing adverse entities
in the surrounding physical environment of the op-
erator, each visual element being represented so as
to be superposed with a given layer.
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