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Abstract: In epidemic communication, mobile nodes
carry information, and send it to other node by direct
wireless communication while moving. In this paper, we
consider information sharing by epidemic communication
as disaster communication, and we use a unmanned aerial
vehicle (UAV) as a message carrier in a communication
between shelters. A UAV travels along the predetermined
route and exchanges the information when it arrives at a
shelter. After information exchange, the UAV leaves the
shelter and heads for the next shelter. The UAV must
charge its battery in the shelters with charging equipments
before their battery is empty. In this paper, we consider the
several cases of information sharing between two UAVs at
the common shelter. We evaluate the performance of the
information sharing by UAVs by computer simulation.
Keywords-- Epidemic transmission, UAV, Information
sharing

1. Introduction

Epidemic communication [1] can distribute information
over the area by direct wireless communication between
mobile nodes and movement of the mobile nodes having
the information. Epidemic communication is an effective
way for information sharing between the shelters at disaster
situations [1]-[4]. Some articles proposed to use special
vehicles as mobile terminals for epidemic communication
during the time of disaster [2] [3]. Ref. [3] assumed that
people do not often travel between shelters because of the
disaster; however, some vehicles transporting relief goods
travel shelters. In [3], the vehicles transporting relief goods
are used as communication nodes for epidemic
communication to deliver information to shelters. Ref. [2]
assumed that special mobile nodes called message ferries
move around the area, and proposed message ferrying
scheme which exploits controlled mobility to transport data
in delay tolerant networks. In [2], the use of multiple ferries
was considered, and all ferries are controlled to exchange
information with other ferries at certain places at certain
times. So, this system is assumed to calculate the route and
schedule of ferries in advance, and data exchanges between
ferries are completely controlled.

In this paper, we consider the information sharing
between the shelters using unmanned aerial vehicle (UAV)
instead of vehicles transporting relief goods in [3]. A UAV
is an aircraft without a human pilot aboard, and applications
of UAVs to disaster situations are considered. In this paper,
we assume that a UAV has a small electric motor and a
battery. So, a UAV must charge its battery frequently
before the battery becomes empty because limitation of
battery life. Assume that a UAV travels along a route
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consisting of some shelters and some UAV travel different
routes independently. These different routes include
common shelters. A UAV must charge its battery at the
shelter that has a charging equipment before the battery
becomes empty. A UAV needs some time to fully charge its
battery; therefore, the UAV may meet other UAVs at the
charging place even without -controlled scheduling
necessary for the ferries in [2]. Then, by repeating such a
traveling and charging, UAVs may exchange information
while charging and spread it in an epidemic manner without
scheduling. Such a distributed manner for information
spreading is effective in the cases where preplanning of
scheduling is difficult due to disasters. Hence, we consider
information sharing between shelters using a UAV in the
distributed manner.

In this paper, we consider epidemic information sharing
between shelters by multiple UAVs. We assume that each
UAV travels without knowing the routes and activities each
other. Each UAV moves between shelters along its own
route and receive information from the shelters. During a
visit to a shelter with charging equipment, a UAV charges
its battery. If the UAV meets other UAVs at the shelter
while charging, these UAVs exchange information. We
evaluate such a distributed method for shelters to share
information by computer simulation. Furthermore, we
evaluate effects of an additional waiting time to a charging
time to improve performance of information sharing
considering the trade-off between sharing performance and
delay of arrival of information. We compare some methods
in these evaluations.

2. System model and assumptions

Figure 1 shows distribution of shelters in the disaster area.
As shown in Figure 1, all shelters exist randomly in the
disaster area, and there are two types of shelters; the shelter
that has charging equipment and the shelter without
charging equipment. A UAV must charge its battery in the
shelters with charging equipment before its battery becomes
empty. Assume that each UAV preplans the route which it
can travel reachable shelters by own flight capability and
travels shelters along own route for information sharing.
Some UAV travel different routes independently. These
different routes include common shelters. We assume that
each UAV travels without knowing the routes and activities
each other.

If a UAV meets another UAV at the shelter while
charging, these UAVs can exchange information. We
assume that routes of UAVs include common shelters. Then,
each UAV can exchange information each other when they
arrive at common shelters in the same time. In this paper,



we assume that the number of common shelters is 1 and this
common shelter is named S. Furthermore, we assume an
additional waiting time to a charging time. We expect that
this assumption causes improvement of performance of
information sharing because each UAV stay longer at S. In
this paper, we consider three methods for information
sharing as follows:

Method 1: Each UAV travels own routes independently.
Method 2: Each UAV waits until other UAV arrive at S in
order to exchange information if the UAV cannot exchange
information while charging.

Method 3: Assume that S has a relay node for information
exchange. Using this relay node, each UAV can exchange
information indirectly.

3. The methods for information sharing

In this paper, as a performance metric of information
sharing, we use average time interval between information
exchanges at S and average elapsed time of information
after finishing collecting. In this section, we analyze these
metric of three methods.

In this paper, we use two UAVs as message carriers for
information sharing between shelters. One is named x; and
another is named x,. Assuming that the route of x; and x; is
given, originally each route of UAVs is a complicated route
as shown in Figure 1. In this paper, for simplification of
analysis, we model Figure 2 by replacing complicated
routes by the simple route with weight which is calculated
by travel time and charging time. x; and x, leave the S
simultaneously at the time 0, and travel along each own
route. x; and x, can charge simultaneously at the S. When x;,
and x, are charging at S in one unit time, they can exchange
information.

At first, #; denote interval between time when x; leave S
and time when x; arrive at S. #; is decided by traveling time
between shelters and charging time at some shelters. C
denotes a staying time of x; that means sum of a charging
time and an additional waiting time at S. 7; denotes time
interval between departure time of x; from S and departure
time in next cycle. Then, T; = ¢, + C. So, T; means the total
time that x; require in one circuit traveling. In this paper, for
simplification, we assume that #; and C are a positive whole
number. d denotes least common multiple of 7 and 75.

3.1 Method 1

In order to exchange information at S, x; and x, must charge
one and more unit time simultaniously. Let us consider x
which is finished traveling for m cycles. Then, x, arrives at
S at the time mT, — C, and leaves S at the time mT,. Next,
let us consider x, which is finished traveling for n cycles.
Then, x, arrives at S at the time n7, — C, and leaves S at the
time n7T,. So, x; and x, can exchange information if m and n
are satisfy the Equation (1).

max{ mT;—C,nT,— C}+1<min{ mT}, nT, } (1)

In this situation, information exchange time is max{ m7| —
C, nT, — C } + 1. Then, both UAVs arrive at S at the same
time because it is same that time when x, finished traveling
for d / Ty cycles and time when x, finished traveling for d /

T, cycles. Therefore, we confirm which all set of (m, n) will
satisfy Eq. (1) forall 1 <m<d/Tyand 1 <n<d/ T, Leth
denote the number of set of (m, n) which is satisfied on Eq.
(1), then average time interval can be calculated by d / A.

3.2 Method 2

In Method 2, a UAV which arrived at S earlier wait until
other UAV arrives if the UAV cannot exchange
information while charging. Suppose that ¢; < #,. Then,
when ¢, is passed, x; arrives at S before x,. In this situation,
x; must wait until x, arrives at S in order to exchange
information of x,. In this case, x; leaves S at the time #, + 1
because x; exchanges the information of x, in the same time
when x, arrives at S. On the other hand, x, leaves when C —
1 passed after x; leaves. So, both average time intervals
between information exchanges at S are 7, because such
situation of information exchange is repeated after m cycles.
Average elapsed time of x, is (C—1+86)—t, =T, —t; — 1.
On the other hand, average elapsed time of x; is 0 because
x, can load information of x, just after x,'s arrival at S. This
is advantage of the method 2.

3.3 Method 3

In Method 3, S has a relay node for information sharing,
and the relay node keeps information of UAV temporarily.
When a UAYV arrives at S, the UAV begins to charge. Then,
during the charging, the UAV begins store own information
and load information of other UAV. Namely, UAV can
exchange information using the relay node indirectly. It
takes one unit time to store and load information.

At first, we consider an average elapsed time. Let us
consider x; which is finished traveling for m cycles. Then,
x; leaves S at the time mT;. Next, let us consider x, which is
finished traveling for n cycles. Then, x, stores information
at the time nT, — C. So, x; can load n-th information of x, if
m and n are satisfy the Equation (2).

mT—1>nT,-C 2

Here, if x, arrive at S while x; is charging, elapsed time of
x; is 0. Contrarily, if x, does not arrive at S while x; is
charging, elapsed time of x; is (mT} — C) — (nT, — C) = mT,
— nT,. So, we can obtain elapsed time of x; which is
finished traveling for m (1 < m < d) cycles. Therefore, we
can calculate average elapsed time of x;. Similarly, average
elapsed time of x, is obtained in the same way of x;. Further,
average time interval is obtained using computer simulation.

4. Numerical results and discussions

In this section, we show the numerical results for three
methods. At first, we show the performance in Method 1
when ¢ = 10 and #, = 20, 30, 40, 50. Figures 3 and 4 show
the numerical results of average time interval and average
elapsed time, respectively. From Figure 3, average time
interval decreases as C increases. This is because the
influence of a gap of round trip becomes smaller when
charging time of both UAVs becomes longer as C increases.
However, in the case of some combination of the value of £,
and C, average time interval increases as C increases in
construct. This is because total amount of round trip
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increase as C increases. Also, it is considered that the value
of d and the value of & changes immediately as C increases.
From Figure 4, average elapsed time is almost 0 when C is
small. But value in some case is more than 0 when C is
large. This is because UAV stays at S for a long time as C
increases.

Next, we show the performance in Method 2 when ¢, =
10 and # = 20, 30, 40, 50. Figures 5 and 6 show the
numerical results of average time interval and average
elapsed time, respectively. From Figure 5, average time
interval increases as C increases. This is because the
average time interval is 7,. From Figure 6, average elapsed
time increase as C increase. It is considered that because
one round trip increases because 7, increase.

Next, we show the performance in Method 3 when ¢, =
10 and # = 20, 30, 40, 50. Figures 5 and 6 show the
numerical results of average time interval and average
elapsed time, respectively. From Figure 7, both average
time intervals between information exchanges at S are 75.
Average time interval of x; is 7, because information of x,
is stored with a period 75. On the other hand, x, can only
load information of x; with own period 7, even if
information of x; is stored frequently. From Figure 8,
average elapsed time increases as ¢, increases, and average
elapsed time decreases as C increases. However, in the case
of some combination of the value of #, and C, average time
interval increases as C increases in construct. This is
considered that the difference between the time when x;
load information of x, and the time when x, stores
information immediately as C increase.

Finally, Figure 9 shows average elapsed time of each
UAV in Methods 2 and 3 when £, = 20, 50. From these
results, the average elapsed time of x, in Method 3 is less
than in Method 2 without depending on a value of #,. On the
other hand, in Method 3, we can see that average elapsed
time of x; when # = 20 and 50 is about 10 and 20,
respectively. In Method 2, average elapsed time of x; when
t, = 20 and 50 are always 0. Furthermore, we can also see
that average elapsed time of x; in Method 3 is less than
average clapsed time of x, in Method 2. So, when a relay
node is set at S, average elapsed time in system will be
improved generally. However, average elapsed time of x; in
Method 3 increases as compared with Method 2.
Consequently, we can confirm that all values do not
necessarily improve even if a relay node is set at S.

5. Conclusions

In this paper, we consider epidemic information sharing
between the shelters using two UAVs that travel along
different routes. In the epidemic information sharing, we
consider the several cases of information sharing that a
UAV contacts another UAV at a common shelter that is
included in both of the two routes of UAVs, and evaluate
the performance of information sharing using UAV in such
cases by computer simulation. From results, we confirmed
effects of an additional waiting time to a charging time on
performance of information sharing. Then, we also
confirmed that all values do not necessarily improve even if
a relay node is set at common shelter. Future work will
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focus on the evaluation of the proposed method in other

network model that the number of UAV is more than 2.
This work was partially supported by Grant-in-Aid for

Scientific Research (25420360, 16K06344, 24246068).
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Figure 6 Average elapsed time in Method 2.
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Figure 8 Average elapsed time in Method 3.

—o—x1 (Method 2, t2 = 20)
—*—x2 (Method 2, t2 = 20)
—0—x1 (Method 3, t2 = 20)
—0—x2 (Method 3, t2 = 20)

——x1 (Method 2, t2 = 50)
—¥—x2 (Method 2, t2 = 50)
——x1 (Method 3, t2 = 50)
—>—x2 (Method 3, t2 = 50)

50

40 [

y

Figure 9 Average elapsed time in Methods 2 and 3.




	References


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /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 ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



