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Enhancing Reliability in Multimodal UAV Communication
Based on Opportunistic Task Space
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Abstract—An opportunistic task space-based model is
proposed to enhance reliability in the execution of unmanned
aerial vehicle (UAV) tasks. The task information consists of
predefined basic information units, and multimodal communica-
tion is realized by sharing and transferring modality information
against the interference from task-irrelevant information. The
multimodal task information alignment and task-oriented
multimodal non-intersecting mapping are also used to align and
enhance the reliability of task-specific information from different
modalities. Numerical results are provided to demonstrate the
effectiveness of task space searching and its impact on task
reliability.

Index Terms—UAV network, multimodal communication, task
execution, multimodal tasks.

I. INTRODUCTION

UNMANNED aerial vehicles (UAVs) are pivotal in
reconnaissance, monitoring, disaster rescue, photogra-

phy, electronic countermeasures, and route planning, enabling
them to perform tasks in complex environments effectively.
UAVs acquire information and receive signals through com-
munication and sensation during their active motion, thereby
significantly enhancing information acquisition [1]. The reli-
ability of multimodal information by UAVs, such as wireless
signals, video, images, and sound, plays a crucial role in
determining the success of their tasks. This reliability is
essential for precise UAV control, secure communication, and
target tracking, particularly in real-time conditions. However,
during task execution, UAVs may encounter interference from
other UAVs within a specific range. Moreover, complex wire-
less environments further complicate task execution, which
decreases the reliability of information reception from each
modality. Therefore, it is imperative to find a solution that
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improves the reliability of multimodal information reception
in UAVs while considering environmental resistance and
interference from other UAVs.

Multimodal communication involves the simultaneous
utilization of diverse transmission modalities to transmit
information [2], [3]. UAV task execution also experi-
ences remarkable growth across numerous fields, promising
improved task reliability [4], [5]. Leveraging multimodal
communication can effectively enhance communication capa-
bilities [6]. However, there is a lack of applications that
integrate multimodal communication with collaborative UAV
task execution to enhance reliability [7]. Additionally, founda-
tional approaches to UAV reliability lack sufficient multimodal
communication methods. The key advantage of employing
multimodal communication is its ability to enhance the
accuracy, depth, and potential of multiple information trans-
missions, thereby ensuring robust task information acquisition
for UAVs [8].

This letter proposes an opportunistic task space-based
method to enhance the reliability of multimodal UAV com-
munication and task execution. The method achieves reliable
task information by aligning and interacting multimodal
information within the UAVs. The contributions of this letter
are: (1) Opportunistic Task with Basic Task Information -
orthogonal and common task information concepts are utilized
when processing diverse raw task data to investigate the
relationship between task success rates and the reliability of
multimodal data reception; (2) Multimodal Task Space - the
task space model is proposed to enhance the accuracy of UAV
task execution by defining specific task coordinates, while
the task deterministic space model reduces dimensionality by
eliminating common information.

II. MULTIMODAL OPPORTUNISTIC TASK SPACE

In Fig. 1, a UAV Uk with position coordinates (dx , dy ,
dz ) and velocity vectors (Vx , Vy , Vz ) is on a task Ta. Other
UAV Uj (Uj ∈ {Uα,Uβ , . . . ,Uδ})’s position coordinate

−→
d j

is (�djx ,
�djy ,

�djz ). In advanced information age, UAVs can be
precisely computer-controlled to execute a task with all the
predefined basic information units (ITa = {i1, i2, . . . , iNTa

}).
Therefore, the success of task execution hinges on obtaining
reliable multimodal information IM∗ , encompassing various
sources such as communication transmissions (communication
modality Mcom), sensing (sensation modality Msen), and
motion functions (motion modality Mmot ), including surveil-
lance, radar, position, and velocity.
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Fig. 1. Basic scenario for UAV receiving task information. The solid and the
dashed arrows represent the task signal and interference signal, respectively.

In this way, the unreliability is due to the negative effect
of multimodal reception, which is unified as task-irrelevant
information ITi affected by environmental noise (denoted as
N), interference from other UAVs j (each with transmitting
power PI (j )) and background sensed information. We assume
that all the received information H(I) is composed of task-
specific information ITa and task-irrelevant information ITi ,
i.e., as H (I ) = ITa ∪ ITi , (ITa ∩ ITi = ∅).

For multimodal reception, taking Mcom as an example,
the task-specific signal is from source STa with transmitting
power PTa undergoes channel h

Ta,K
C , while task-irrelevant

information is from other UAVs and noise within the influence
range impacts UAV k through channel hα,kC , hβ,kC , hχ,kC , . . .

h
δ,k
C . Due to path fading, UAVs that are outside the influence

range, such as U1, U2, U3, U4, and U5, can not provide task-
irrelevant information or task-specific information to Uk .

To enhance UAV task execution reliability, we introduce the
concepts of opportunistic task, multimodal task information
space to characterize the mutual influence among multimodal
task-specific information.

A. Opportunistic Task With Basic Task Information

In a task Ta, if all the required correct task information
(denoted as ITa and composed of multiple basic information
units i1, i2, . . . , iNTa

) is covered within a specified time frame,
the task success probability (TSP) is 1; if some of the task
information is mission/incorrect due to unreliable multimodal
reception, the TSP is less than 1. We refer to Ta as an
opportunistic task.

However, the raw information from multimodal reception
is highly heterogeneous and does not directly provide the
required units ik directly. Therefore, we propose a task
information extraction and multimodal task information align-
ment process to preprocess this information. It is also essential
to achieve complementarity in the multimodal information by
adhering to a unified format to mitigate heterogeneity. Hence,
the alignment of information in multimodal tasks serves a
dual purpose: enhancing task efficiency and standardization,
while also improving the reliability of task execution at the
informational level (see Section III-C).

• Basic task information. We assume that the task’s basic
information is fixed, standardized, and independent of
multimodal reception.

Fig. 2. Multimodal task information space. The green and red points represent
the certain task information and the other task information, respectively.

• Task information extraction. For the original information
obtained from multimodal reception, a deep learning
network is utilized to extract semantic elements such as
time, space, entity, behavior, event, and intention.

• Multimodal task information alignment. The resulting
metadata is then mapped to the basic units ik of the
task, creating a unified representation across multiple
modalities.

The basic information units of ITa , denoted as
i1, i2, . . . , iNTa

, can belong to one or more modalities. For
instance, an information unit ik ∈ IMcom

∩ IMsen
can exist in

both the communication modality (IMcom
) and the sensation

modality (IMsen
), while another information unit ij ∈ IMmot

(ij /∈ IMcom
∩ IMsen

) may only exist in the motion modality.
Considering set properties, an information unit il belongs

to IO , which is defined as IO = ITa \ ⋂
(∀IM∗), where

M∗ represents any two modalities. Then, il can only be
obtained from one modality, and we refer to the set IO
consisting of all il as the orthogonal information set.
On the other hand, the remaining information units satisfy
ij ∈ ⋂

(IM1
, IM2

, . . . , IMp
), where IM1

, IM2
, . . . , IMp

repre-
sent any modalities. Then, ij can be obtained from multiple
modalities, and we refer to the set IC ;IM1

,IM2
···IMp

consisting
of all ij as the common information set of the modality
group IM1

, IM2
, . . . , IMp

. It is important to note that the
collectivity property IO ∩ IC ,∗ = ∅ and IC ;∗ ⊆ ITa/ IO
holds.

For successful task execution, the orthogonal information
should be correct in each modality, while the common
information should be correct in any of the modalities it
belongs to. In the following example, the basic information
units is ITa = {i1, i2, i3, i4, i5}, and the basic information
in each modality is provided in Equ. (1) (with IO =
{i1, i3, i4}). It is evident that relying solely on the orthogonal
information is insufficient for task execution. Utilizing the
common information from the communication, sensing, and
motion modalities is necessary to obtain i2 and i5.

Imcom = { i1, i2, i5 }
Imsen = { i2, i3, i5 }
Immot = { i4, i5 }

(1)

B. Multimodal Task Space

1) Task Space: The task execution requires basic
information units from a finite number of modalities. Thus, We
can explore subsets of information units from these modalities,
forming three vectors

−→
I M∗ = (ij , . . . , ik ), where ij , . . . , ik
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represent combinations of information units. For a UAV,
these three modality vectors (

−→
I Mcom

,
−→
I Msen

, and
−→
I Mmot

)
combine in a tensor space (see Fig. 2). The coordinates
within this space, (

−→
I Mcom

,
−→
I Msen

,
−→
I Mmot

), correspond to all
possible UAV tasks, including ITa and others. We refer to
this as the multimodal task information space or simply the
task space.

Conceptually, the task space treats all UAV tasks as distinct
points composed of multimodal orthogonal information and
common information, shaping a task-oriented multimodal
mapping space. As the UAV’s basic information aligns with
ik ∈ ITa = IMcom

∪ IMsen
∪ IMmot

, the subset IO on
each modality axis within the task Ta uniquely determines
the task. Therefore, as long as the UAV can match the
received coordinate points corresponding to different modality
information sets with the points in the task space, it has high
possibility to complete the task successfully.

Within the task space, we define the projection oper-
ation as follows: finding the projection of IB onto IA,
where the operation rule is ProjIA(IB ) = IA ∩ IB ; when
ProjIA(IB ) = ∅, we declare the two as mutually orthogonal.
Notably, projection of orthogonal information onto the three
modality vectors represents the intersection of all possible
subsets of information related to the modality, expressed as
ProjIO (IM∗) = IO ∩IM∗ , where ∗ ∈ {com, sen,mot}. These
projections are mutually orthogonal.

2) Task Deterministic Space: Based on orthogonality, the
basic information obtained from Ix = ProjIO (IMcom

), Iy =
ProjIO (IMsen

), and Iz = ProjIO (IMmot
) forms a space. In

this space, all points are determined solely by multimodal
orthogonal information. This space can be seen as a reduction
of the dimensionality of the original task space by eliminating
common information, resulting in a reduction of ΔUIC points.
We refer to this space as the multimodal task information
deterministic space or simply the task deterministic space.

Conceptually, the task deterministic space represents
the extraction of orthogonal information from the basic
information of all UAV tasks, independent of different modal-
ities. It forms a task-oriented multimodal non-intersecting
mapping space, where each basic information can only be
obtained from a single modality. Although the dimensionality
is reduced in this space by eliminating common information,
it exposes the lowest reliability of task execution.

III. PROCESSING FOR ENHANCED RELIABILITY

A. Multimodal Reception of the UAV

The signal to interference plus noise ratio (SINR) in the
multimodal receptions of Uk can be unified as

γM∗ =
PMmot (ProjITa (IM∗))

PMmot (ProjITi
(IM∗))

, ∗ ∈ {com, sen} (2)

where PMmot (·) means extracting the power of ·’s car-
rier/medium with the dynamic influence of UAV’s real-time
flying motion. Specifically, with source’s coordinate dS =
(dS ,x , dS ,y , dS ,z ) and transmitting power PS , we can easily
derive the SINR in communication modality with

P
Mmot

(
ProjITa (IM∗ )

)

= PIS |h
Ta,k
c |2 ×

∥
∥
∥
∥
(
dU ,x + VU ,x t − xITa

)2

+
(
dU ,y + VU ,y t − yITa

)2
+

(
dU ,z + VU ,z t − zITa

)2
∥
∥
∥
∥
−γ

2

, (3)

P
Mmot

(
ProjITi

(IM∗ )
)

= PN +

n∑

j∈USetI

PI (j )
∣
∣
∣hj ,K

c

∣
∣
∣
2 ×

∥
∥
∥
(
dU ,x + dV ,x t − djx

)2

+
(
dU ,y + dV ,y t − djy

)2
+

(
dU ,z + dV ,z t − djz

)2
∥
∥
∥
∥
−γ

2

, (4)

where USetI = {Uα,Uβ , . . . ,Uδ}, PN is the noise power,
dU ,t (t ∈ {x , y , z}) is the corresponding value on each axis of
the position coordinates of the UAV Uk , dU ,t (t ∈ {x , y , z})is
the corresponding value in each axis direction of the velocity
vector of the UAV Uk , and t is the time it takes Uk to transfer
its position in task space and γ is the path loss index. Note that
the motion modality may enhance the SINR of multimodal
reception by dynamic motions. If SINRk

C ≥ SINRth
C , UAV

Uk is able to obtain all the correct task information IComm
from communication modality.

B. Reliability Based on Task Space

Considering the unreliability caused by multimodal recep-
tion error, the actual task information of UAV may have
error, i.e., ĨTa = ĨMcom

∪ ĨMsen
∪ ĨMmot

�= ITa , where
each ĨM∗ may vary within a specific range in the coordinate
axis (a wider range implies lower reliability). In ĨM∗ =
(ĩj , . . . , ĩk ), ĩj , . . . , ĩk represent any possible combination of
basic information units for modality ∗. As a result, the
fluctuation in each axis changes the distance between ĨTa and
ITa , which can be represented as ‖ĨTa − ITa‖TS . A smaller
distance means ĨTa has higher probability of being ITa .

Interestingly, although the task information may be biased in
the multimodal reception stage, the corresponding correct task
information can still be found by utilizing the distance defined
in the task space. Then, the task execution based on unreliable
multimodal reception can be determined by minimizing the
task space searching distance, given by

min
Uk

DTSS = min
Uk

‖ĨTa − IUk
Ta ‖TS , (5)

where Uk means any correct points in the task space. We
refer this method as task space searching (TSS), which starts
from the actual points with fluctuations to search for the
correct points with the minimum distance, with a complexity
of O(Uk ).

C. Multimodal Task Information Alignment

1) Multimodal Task Information Classification: If the raw
information Rik within the raw information layer M obtained
from multimodal sources can be classified into two types:
semantic-type information and data-type information.

Type 1 Semantic-type information: Due to semantic nature,
the raw information is processed through a deep learning
network to extract temporal information t ∈ ST , spatial
information s ∈ SS , and entity behavior information vector−→a = {Actions ,FromEntity ,ToEntity} ∈ −→

SA (comprising
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the actions of task Ta along with their initiators and targets).
These components collectively form the entity information
layer S = {ST ,SS ,

−→
SA}, where each component represents

vectors of time, space, and action (generated through graph-
based learning representing the actions in the behavior set).

By assessing the match between the information attributes
{t , s ,−→a } of Mi , and a given threshold, it can be determined
whether the raw information aligns with the corresponding
entity in the entity layer Si . This mapping from the multimodal
layer to the entity information layer is denoted as Mi → Si .
Subsequently, using the semantic elements of these entities, the
metadata is mapped to the basic information units of the task,
resulting in a cross-modal unified representation of results. In
other words, information obtained from different modalities
eventually aligns to become basic task-specific information
ik ∈ ITa after discarding task-irrelevant information that does
not meet the requirements of task execution.

Type 2 Data-type information: Due to the nature of data,
multimodal task information alignment primarily involves unit
conversions for the same state (e.g., dBW and Watt), without
any semantic conflicts during the representation mapping.

2) Reliability Enhancement via Multimodal Information:
After multimodal task information alignment, inconsistencies
may exist in specific values, which be addressed in the
reliability enhancement phase.

Step 1 Ranking: Based on the SINR of multimodal
reception, the most reliable modality is selected.

Step 2 Multimodal Combination for Common Information:
In our previous paper [9], common information can be
enhanced by multimodal combination (e.g., maximal ratio
combining or selective combing) with enhanced diversity
gain dm = p, where p is the number of modalities in the
intersection IC ;IM1

,IM2
···IMp

.
Step 3 TSS in Task Deterministic Space: This step focuses

on orthogonal information, which constitutes the task deter-
ministic space (Section II-B2). The task points can be
determined by TSS (Section III-B) with a reduced searching
complexity O(Uk −ΔUIC ).

To determine the reliability (TSP) in this step, assume
the minimum and maximum distances between correct points
in the task deterministic space’s axis are Dmin and Dmax .
If DTSS ≤ 1

2Dmin , the TSP is 1; if DTSS > 1
2Dmax ,

the TSP is 0. The error probability increases proportionally
with distance, and we assume the multimodal reception error

happens uniformly, which yields TSP = 1− DTSS− 1
2
Dmin

Dmax− 1
2
Dmin

.

IV. SIMULATIONS

In Fig. 3, upon removing the shared information in modality
(a), the dimension in (b) corresponds to the task determination
space, shows a reduction in the number of correct points
from 1000 to 100. Consequently, the TSS complexity of is
correspondingly reduced. Fig. 4 shows the distances (denoted
by TSS) and success probabilities (denoted by TSP) between
the actual point A5 and all other correct points S0 to S10.
The closest standard point is S4, with a distance of 0.25 and a
TSP of 100%. Similarly, employing this method for searching

Fig. 3. Orthogonal task space without TSS. The green, red and blue points
represent the certain task information. The grey and black points represent
the certain actual task coordinate and the certain standard actual respectively.

Fig. 4. Orthogonal task axis with TSS.

with TSS among other points A0 to A9 can easily yield the
optimal task matching based on Equ. (5).

V. CONCLUSION

This letter has proposed multimodal UAV communica-
tion based on opportunistic task space, which decompose
multimodal reception into task-specific and task-irrelevant
information units, and use multimodal information alignment
and task space concept to enhance the reliability.

REFERENCES

[1] H. Halevi, I. Bergel, and Y. Noam, “Asymptotic performance of
TDOA estimation using satellites,” IEEE Trans. Signal Process., vol. 70,
pp. 2349–2361, 2022.

[2] C. Ren, L. Liu, and H. Zhang, “Multimodal interference compatible
passive UAV network based on location-aware flexibility,” IEEE Wireless
Commun. Lett., vol. 12, no. 4, pp. 640–643, Apr. 2023.

[3] Z. Zhao, Y. Zhang, C. Li, Y. Xiao, and J. Tang, “Thermal UAV image
super-resolution guided by multiple visible cues,” IEEE Trans. Geosci.
Remote Sens., vol. 61, 2023, Art. no. 5000314.

[4] C. Zhang et al., “WebUAV-3M: A benchmark for unveiling the power
of million-scale deep UAV Tracking,” IEEE Trans. Pattern Anal. Mach.
Intell., vol. 45, no. 7, pp. 9186–9205, Jul. 2023.

[5] Y. Kong et al., “UAV LiDAR data-based lane-level road network
generation for urban scene HD Maps,” IEEE Geosci. Remote Sens. Lett.,
vol. 20, 2023, Art. no. 6501805.

[6] S. Shao, H. Li, Y. Zhao, and X. Wu, “A new method for multi-
UAV cooperative mission planning under fault,” IEEE Access, vol. 11,
pp. 52653–52667, 2023.

[7] X. Wang, M. Yi, J. Liu, Y. Zhang, M. Wang, and B. Bai, “Cooperative
data collection with multiple UAVs for information freshness in the
Internet of Things,” IEEE Trans. Commun., vol. 71, no. 5, pp. 2740–2755,
May 2023.

[8] X. Li, T. Zhang, S. Wang, G. Zhu, R. Wang, and T.-H. Chang, “Large-
scale bandwidth and power optimization for multi-modal edge intelligence
autonomous driving,” IEEE Wireless Commun. Lett., vol. 12, no. 6,
pp. 1096–1100, Jun. 2023.

[9] C. Ren, C. Gong, and L. Liu, “Task-oriented multi-modal communication
based on cloud-edge-UAV collaboration,” IEEE Internet Things J., early
access, Jul. 14, 2023, doi: 10.1109/JIOT.2023.3295650.

Authorized licensed use limited to: Queen Mary University of London. Downloaded on February 11,2024 at 20:36:34 UTC from IEEE Xplore.  Restrictions apply. 

http://dx.doi.org/10.1109/JIOT.2023.3295650


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Helvetica
    /Helvetica-Bold
    /HelveticaBolditalic-BoldOblique
    /Helvetica-BoldOblique
    /Helvetica-Condensed-Bold
    /Helvetica-LightOblique
    /HelveticaNeue-Bold
    /HelveticaNeue-BoldItalic
    /HelveticaNeue-Condensed
    /HelveticaNeue-CondensedObl
    /HelveticaNeue-Italic
    /HelveticaNeueLightcon-LightCond
    /HelveticaNeue-MediumCond
    /HelveticaNeue-MediumCondObl
    /HelveticaNeue-Roman
    /HelveticaNeue-ThinCond
    /Helvetica-Oblique
    /HelvetisADF-Bold
    /HelvetisADF-BoldItalic
    /HelvetisADFCd-Bold
    /HelvetisADFCd-BoldItalic
    /HelvetisADFCd-Italic
    /HelvetisADFCd-Regular
    /HelvetisADFEx-Bold
    /HelvetisADFEx-BoldItalic
    /HelvetisADFEx-Italic
    /HelvetisADFEx-Regular
    /HelvetisADF-Italic
    /HelvetisADF-Regular
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryITCbyBT-MediumItal
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Recommended"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


