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Description

FIELD OF INVENTION

[0001] This invention relates to ad-hoc communication
network in a mobile environment. More specifically, the
invention relates to system and method for message ex-
change between vehicles and vehicle-to-RSUs in a pres-
ence of highly sporadic network connectivity.

BACKGROUND

[0002] Mobile ad-hoc networks have become increas-
ingly important in areas where deployment of communi-
cation infrastructure is difficult. A mobile ad-hoc network
(MANET) is formed by multiple moving nodes equipped
with wireless transceivers. The mobile nodes communi-
cate with each other through multi-hop wireless links.
Each node can transmit and receive information.
[0003] One type of MANET is a vehicular ad-hoc net-
work (VANET) that refers to a mobile ad-hoc network
designed to provide communications among nearby ve-
hicles and between vehicles and nearby road-side units.
[0004] The high mobility and lack of inherent relation-
ships between vehicle nodes make a priori configuration
of vehicle nodes into groups problematic. Information
such as traffic advisories, Amber alerts, road condition
advisories, and weather advisories, etc. should be re-
layed to all vehicles quickly, with minimal delay and in-
terference. Additionally, if the fixed equipment, such as
a road-side unit, is sporadically deployed, communica-
tion via the road-side units and the vehicles node could
be highly intermittent. Each vehicle does not have a long
duration for the network link between another moving
vehicle or a road-side unit. A vehicle can only communi-
cate with another vehicle or road-side unit when the ve-
hicle is in radio communication range of the road-side
unit or other vehicle. Since the vehicles are moving at
high speeds, the communication duration are normally
short and highly variable
[0005] Accordingly, there is a need for a communica-
tions network and method that support vehicle-to-vehicle
and vehicle-to-RSUs communication in such a disruptive
environment.
[0006] EP 1968243 A1 discloses a method for trans-
mitting data to a mobile device via a network core and
access points. Access points of the mobile device are
predicted.
[0007] WOP 2004/062122 A2 discloses a method for
providing streaming information to a mobile wireless de-
vice.

SUMMARY OF THE INVENTION

[0008] I is the object of the invention to provide a meth-
od for transmitting data in a vehicular network that im-
proves communication amongst mobile nodes.
[0009] This object is accomplished by the features of

claim 1.
[0010] Accordingly, disclosed is a method for transmit-
ting data in vehicular network. The method comprises
determining a communication window between at least
two nodes, grouping a plurality of fragments of content
together into an aggregate fragment block forwarding the
aggregate fragment block to a target node and assem-
bling the plurality of fragments into the content. The frag-
ments can be grouped based upon a priority of each frag-
ment.
[0011] The fragment size of a fragment is variable and
is based upon an average communication window and
bandwidth of wireless network. The number of fragments
grouped into the aggregate fragment block depends on
the communication window.
[0012] The communication window is a communica-
tion time for transmission between a nearby node and
the target node. The communication window is calculated
using a speed of a data link, a radio communication
range, and a direction of motion and speed of the target
node and the nearby node.
[0013] The method further comprises a step of receiv-
ing a request for the content. The request includes a frag-
ment signature, the target node’s current position, a di-
rection of motion and speed of the target node.
[0014] The method further comprises the step of de-
termining a predicted trajectory of the target node. The
predicted trajectory of the target node is inferred from a
location of each road-side unit (RSU) in radio communi-
cation with the target node. Alternatively, the predicted
trajectory is calculated from speed and direction informa-
tion.
[0015] The method further comprises dividing the con-
tent into the plurality of fragments and generating a frag-
ment signature that contains fragment index information
regarding each fragment. Each fragment is unambigu-
ously identified by its signature. The fragment index in-
formation from the signature is stored in memory.
[0016] The method further comprises verifying an au-
thenticity of each of the forwarded fragments, and storing
each of the forwarded fragments, based upon the verifi-
cation. Each of the received fragments is identified by a
signature.
[0017] The method further comprises determining lo-
cal storage lifespan for each fragment. The fragment is
removed from storage when the lifespan expires.
[0018] The method further comprises assigning a frag-
ment trajectory for each fragment.
[0019] Additionally, disclosed is a method for transmit-
ting data in a mobile ad-hoc network comprises dividing
data into fragments, creating a fragment signature con-
taining a fragment index, determining a window of com-
munication based upon an allowed communication time
between two nodes, grouping the fragments into aggre-
gate fragment blocks, and transmitting the aggregate
fragment blocks. Each fragment block has a block size
determined by the window of communication.
[0020] The method for transmitting data further com-
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prises transmitting the fragment signature. The method
for transmitting data further comprises receiving a re-
quest for a fragment listed in the fragment signature.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] These and other features, benefits, and advan-
tages of the present invention will become apparent by
reference to the following figures, with like reference
numbers referring to like structures across the views,
wherein:

Fig. 1 illustrates an exemplary ad-hoc wireless net-
work according to an embodiment of the invention;

Fig 1A illustrates an exemplary wireless communi-
cation device which is used by a moving vehicle ac-
cording to the invention;

Fig. 2 illustrates an exemplary message content and
fragmentation;

Fig. 3 illustrates a flow chart for a poll based frag-
mentation exchange according to an embodiment of
the invention;

Fig. 4 illustrates a flow chart for a fragmentation ex-
change for a target vehicle according to an embod-
iment of the invention;

Fig. 5 illustrates a flow chart for a push based frag-
mentation exchange according to an embodiment of
the invention;

Fig. 6 illustrates a flow chart for content tracking ac-
cording to an embodiment of the invention;

Fig. 7 illustrates a flow chart for fetching fragments
according to an embodiment of the invention;

Fig. 8 illustrates a flow chart for generating a signed
and secure fragment block according to an embod-
iment of the invention;

Fig. 9 illustrates a flow chart for an authentication of
the fragment block and decryption according to an
embodiment of the invention;

Fig. 10 illustrates two exemplary aggregate fragment
blocks;

Fig. 11 illustrates a flow chart for an adaptive frag-
mentation according to an embodiment of the inven-
tion;

Fig. 12 illustrates a flow chart for fragment forwarding
according to an embodiment of the invention;

Fig. 13 illustrates a flow chart for a proactive deposit
point selection according to an embodiment of the
invention;

Fig 14 illustrates a flow chart for buffering fragments
according to an embodiment of the invention; and

Fig. 15 illustrates an exemplary cache table accord-
ing to an embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

Definitions

[0022] A "Node" is a mobile router which implements
the transmission protocol or method as specified in the
following description. For example, a moving vehicle hav-
ing a communication device is a node. A node can be a
fixed node or a moving node.
[0023] A "roadside unit (hereinafter "RSU")" is a net-
work node that is fixed. The RSU is located along the
side of a roadway. The number of RSU used in the net-
work will depend on several factors such as the range of
the radio antenna of the RSU, desired communication
range, number of moving devices, topology of the land,
the environmental conditions, traffic patterns and popu-
lation density. A RSU has a fixed communication range.
RSU has many functions such as a router, an applications
server or a combination thereof. The RSU can route data
to moving vehicles within its radio coverage. Further-
more, depending on the relative locations of the RSUs,
the RSU can route data between other RSUs, e.g., R-R
communication. Additionally, the RSU can route data
from/to the backbone, e.g., route data from backbone to
the moving vehicle.
[0024] A "Content Server" is a backbone device that
serves as a central repository for content. The content
server can communicate with each RSU.
[0025] A "neighboring node" or "neighboring vehicle"
means that there is a direct link between two nodes. A
node X is a neighboring node of node Y if node Y can
hear node X.
[0026] A "hop" is a number of nodes in which a mes-
sage is relayed. The hop count for a neighboring node
is 1.
[0027] According to the invention, a message, i.e., con-
tent 30 is divided into fragments 205 for forwarding. The
fragment 205 are shared by nodes within the network 1
and forwarded to a destination node or target node. Since
the content 30 is fragmented, different nodes may have
different parts of the content 30. The fragments 205 are
grouped together to form an aggregate fragment block
35 for forwarding. The size of the aggregate fragment
block 35 depends on an estimated connection time for a
communication link.
[0028] Each node makes a decision on using a specific
forwarding node to route the aggregate fragments to-
wards a destination node or target node based upon the
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predicted route trajectory of a neighboring nodes and the
location of the destination node or target node.
[0029] Fig. 1 illustrates an exemplary ad-hoc network
1 according to the invention. The ad-hoc network in-
cludes a plurality of RSUs, generally referenced as "20",
a moving vehicle 10 and a content server 15. As depicted,
there are three RSUs 201-203. The RSUs 20 are located
along a roadway 50. The shaded circle represents the
radio communication range 60 for each RSU 201-203.
Additionally, as depicted, the RSUS 20 are sporadically
located such that the RSUs 20 cannot directly commu-
nicate with each other. Each RSU 20 can be used to
communicate with moving vehicles 10 traveling either
alone or a group of vehicles.
[0030] RSU 100 includes a server 21 and router 22.
The server 21 is used to store content 30 from passing
moving vehicles 10 or from the content server 15. In an
embodiment, the RSU 20 includes at least three network
hierarchical layers: network layer, a MAC layer and a
physical layer. The physical layer includes devices such
as hubs, repeaters and wireless radios. The physical lay-
er functions include the transmission of signals, repre-
senting the high layer data, over a communications chan-
nel such as the physical radio link. United States Patent
Application Serial Number 11/585,047 filed on October
23, 2006 describes a RSU 20. The MAC (Media Access
Control) layer handles the procedures for transferring da-
ta between network entities and to detect and possibly
correct errors that may occur in the physical layer. For
example, in IEEE 802.11 the MAC layer manages and
maintains communications between 802.11 stations (ra-
dio network cards and access points) by coordinating
access to a shared radio channel and utilizing protocols
that enhance communications over a wireless medium.
The 802.11 MAC layer uses an 802.11 Physical (PHY)
Layer, such as 802.11b or 802.11a or 802.11p, to perform
the tasks of carrier sensing, transmission, and reception
of 802.11 frames.
[0031] The network layer performs functions for end-
to-end communication among network entities. The net-
work layer discovers and maintains unicast/multicast
routes as data paths and also provides data delivery
methods among end users in accordance with the uni-
casting and multicast procedures. The described proto-
col and method can be implemented using the network
layer. Alternative, a separate network layer is used to
implement the described protocol.
[0032] The moving vehicle 10 (and RSU 20) includes
a communication device 100. Fig 1A illustrates an exam-
ple of a wireless communication device which is used by
the moving vehicle 10. The communications device 100
can be attached to, embedded in or used in combination
with the moving vehicle 10 and RSU 20.
[0033] The communications device 100 includes a
computing device or control section 105, a storage sec-
tion 110, a timing section 115, a location determining
section 120, a transceiver 125 and a power source 130.
The transceiver 125 is for providing wireless communi-

cation between other moving vehicles 10 and itself or an
RSU 20.
[0034] The control section 105 can be any type of con-
troller such as, but not limited to, a microcontroller or a
microprocessor. The control section 105 provides oper-
ational control by executing instructions, which have
been programmed. A storage section 110 is disposed
within the computing device 100 and in operational com-
munication with the control section 105. The storage sec-
tion 110 may be memory modules, removable media or
a combination of multiple storage devices, etc., and is
configured to store the processor-executable instructions
necessary for the performance of the methods and pro-
tocols described herein.
[0035] Further, at least one timing section 115 is pro-
vided either as a separate component or in the controlling
section 105. As depicted, the timing section 115 is a sep-
arate component. The timing section 115 provides the
time interval tracking necessary for each of the timing
section 115 referred to in the described embodiments,
such as, but not limited to broadcasting signals to other
nodes and content tracking such as timestamps and tim-
ing a content lifespan. The signals include the current
location, time of broadcast, stored fragments and any
fragment signatures (content).
[0036] The communication device 100 can also in-
clude a location determining section 120 such as a GPS
device. Alternatively, the location determining section
120 can be external such as one located in a moving
vehicle and the location information transmitted to the
communication device 100 through an I/O section 135.
Additionally, other location information such as a com-
pass direction and speed can also be transmitted to the
communication device 100 from the moving vehicle via
the I/O section 135.
[0037] A power source 130 is electrically connected to
all the components of the communications device 100
for providing operational power to the components as
necessary. The communications device 100 further in-
cludes an internal clock that maintains a clock for the
device and is used as the timestamp for all messages.
[0038] The processor-executable instructions for per-
forming the described embodiments may be embedded
in the storage section 110 in a form such as an EPROM,
Flash memory or other such non-volatile storage. Addi-
tionally, the processor-executable instructions may be
stored on a computer readable media such as an optical
or magnetic medium, or may be downloadable over a
network (e.g., Internet). Preferably, a user, as necessary,
can periodically update the processor-executable in-
structions in order to provide additional enhancements
to the system as they become available.
[0039] Each communications device 100 is assigned
a unique identifier to facilitate the transmission and re-
ception of messages over the ad-hoc network. The
unique identifier can be any number that is uniquely as-
signed to the communications device 100 so that no de-
vice within a specific area has the same unique identifier.
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This identifier must be assigned quickly to support im-
mediate communication, if necessary. The unique iden-
tifier can be any unique number or address that facilitates
communication, such as a MAC address, VIN number or
IP address, and this identifier is used as the node’s iden-
tifier. Any moving vehicle with the communications de-
vice 100 can be a node of the ad-hoc network.
[0040] According to the invention, the moving vehicle
10 receives aggregate fragments 35 of the content 30 as
the moving vehicle travels along the roadway 50. The
moving vehicle 10 receives certain parts of the content
30 from different nodes, e.g., RSUs 201-203 or other mov-
ing vehicles 10n. The moving vehicle 10 is moving in a
projected direction 40 from RSU3 203 towards RSU2 and
RSU1 202,201, As depicted, the moving vehicle 10 re-
ceived aggregated fragment 35 (1) from RSU3 203, ag-
gregated fragment 35 (2) from RSU2 202, and aggregat-
ed fragment 35 (3) from RSU1 201.
[0041] The content 30 is divided into multiple frag-
ments 205. Each fragment 205 is assigned an unambig-
uous identifier. In an embodiment, the fragment identifier
is a hash-based signature. The fragment signature
serves as a locator for the fragment 205. Fig. 2 illustrates
an example of the fragmentation. The content 30 is sep-
arated into fragments 205. A fragment signature 210 is
created from the fragments 205. The size of each frag-
ment 205 depends on an average communication win-
dow time and wireless bandwidth. The average commu-
nication window time is determined based upon a past
history of communications within the area. An RSU 20
maintains this information. This is an engineering param-
eter can be adjusted based on given road conditions..
The content fragmentation is performed by either an RSU
20 or authorized moving vehicles 10 such as police ve-
hicles. The fragment size remains fixed during content
dissemination. Once the fragment signature 210 is cre-
ated, the signature 210 is broadcast to RSUs 20 and
moving vehicles 10. After, the fragment signature 210 is
received; a node, e.g., moving vehicles 10 or RSUs 20
can send a specific request for a unique fragment iden-
tifier (signature 210) and receive the corresponding con-
tent fragment 205. All information to identify the appro-
priate content and the appropriate fragment of the con-
tent 30 is contained in the content fragment signature
210.
[0042] Fig. 3 illustrates a method for distributing con-
tent according to an embodiment of the invention. When
a node, e.g., moving vehicle 10 or RSU 20 encounters a
nearby node such as another moving vehicle or a RSU
20, node ("Requesting Node") sends a Content Index
Request. The Content Index Request is broadcast to the
nearby nodes. The nearby node responds to the Content
Index Request by broadcasting a fragment signature
210. The Requesting Node receives the fragment signa-
ture 210 and uses it to locate and select the desired con-
tent.
[0043] From the fragment signature 210, the Request-
ing Node knows which fragments are available for ex-

change. At step 305, the Requesting Node selects spe-
cific fragments from the fragment signature 210 and
transmits a fragment request to the Content Source. The
fragment request includes the selected fragment identi-
fiers, the moving vehicle’s speed, and direction of travel
derived from a position determining device or location
device such as, but not limited to a GPS device. The
moving vehicle’s speed and direction of travel is used to
predict a trajectory for the moving vehicle and estimate
communication window time. In another embodiment,
the initial Content Index Request includes the moving
vehicle’s speed and direction of travel and the fragment
request includes the updated speed and direction of trav-
el. A change of position is directly calculated from the
information received in both requests.
[0044] At step 310, the Content Source (receiver node)
checks whether the corresponding content, i.e., frag-
ments 205 (represented by this signature) are available
locally. If the content 30, i.e., fragments 205 are available
locally, the Content Source (receiver node), estimates
an expected communication window based on the rela-
tive speed and direction between the Content Source
and Requesting Node, at step 315. The estimation of the
communication window (opportunistic communication
time) will be described further with respect to Fig. 11 step
1120. Based on the estimated window time, a fragment
block 35 with a proper size is constructed locally (at step
320), and then is transmitted to the Requesting Node, a
step 325. The fragment block (consisting of multiple frag-
ments) will be described further in step 1125.
[0045] In another embodiment, the Content Source de-
termines if the Requesting Node is in a content Relevant
Location. Specific fragments 205 are only relevant to
moving vehicles 10 that are traveling in the same/differ-
ent direction. If determining the relative direction of the
moving vehicle 10, unnecessary fragment transmission
is avoided. For example, collision information is only rel-
evant to moving vehicles that are behind the collision.
Furthermore, exit information, such as exit closures is
only important to a vehicle that has not passed the exit.
The Content Source determines if the Requesting Node
is in a content relevant direction by comparing a Request-
ing node’s current location (or a predicted trajectory for
the Requesting Node) with a content Trajectory associ-
ated with the fragments 205.
[0046] In another embodiment, instead of polling a
Content Source for the content 30 or fragments 205, the
content 30 can be pushed to a node, e.g., moving vehicle
10 or RSU 20 from the Content Source.
[0047] Fig. 5 illustrates a method of pushing the con-
tent 30 to a moving vehicle 10 or RSU 20 from the Content
Source. In the push method, the Content Source, e.g.,
moving vehicle 10 or RSU 20 broadcasts fragment sig-
natures 210, and its speed and direction of travel, at step
500 to passing vehicles. The underlying MAC layer will
sense a nearby node, i.e. 802.11 carrier-sensing. This
will trigger the push. Alternatively, the Content Source
can periodically broadcast this information.
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[0048] A neighboring node nearby, e.g., moving vehi-
cle 10 or RSU ("Content Destination"), first checks its
cache table (e.g., 1500) for the content 30 and fragments
205 identified by the corresponding fragment signature
210, at step 505. If the content 30 and fragments 205 are
already in the cache table, e.g., 1500, the Content Des-
tination, returns to an idle state (300). If the content 30
and fragments 205 are not stored in the cache table e.g.,
1500, the Content Destination uses the direction of travel
and speed (of the Content Source) to estimate a com-
munication window, at step 510. The estimation of the
communication window (opportunistic communication
time) will be described further in step 1120. Based on the
estimated window time, the Content Destination broad-
casts a request for a fragment block at step 515. The
request includes a fragment signature 210 for all of the
fragments 205 requested. The number of fragments re-
quested is related to the estimated communication win-
dow. In an embodiment, the request includes a maximum
account of fragments that can be transmitted within the
estimated communication window. The Content Source
receives the request and broadcasts all of the fragments
205 that correspond with the fragment signature 210 con-
tained in the request, at step 520. The fragments 205 are
aggregated into a fragment block 35 and forwarded to
the Content Destination. Aggregate fragment forwarding
is described in Fig 12. The fragment block 35 is received
at step 525.
[0049] Fig. 4 illustrates function blocks for the Request-
ing Node or Content Destination when receiving the frag-
ments 205 or fragment block 35. At step 400, the Re-
questing Node or Content Destination receives the ag-
gregate fragment block 35. The aggregate fragment
block 35 includes at least one fragment 205. Prior to stor-
ing, the Requesting Node or Content Destination deter-
mines if the data contained in the aggregate fragment
block 35 is authentic. Additionally, if the Requesting Node
or Content Destination is an RSU 20, the RSU determines
if the Content Source is authorized to deposit or store
content in the RSU 20. The verification and authorization
is performed at step 405. The verification and authoriza-
tion is described in detail in Figs. 8 and 9.
[0050] If the content 30 in the aggregate fragment block
35 is not authentic or not authorized to be stored, the
aggregate fragment block 35 is discarded at step 410.
The Requesting Node or Content Destination returns to
an idle state at step 300. If the content 30 in the aggregate
fragment block 35 is authentic and is authorized to be
stored, the process moves step 415 and the content 30
in the aggregate fragment block 35 (fragments 205) are
buffered according to an intelligent buffering procedure
(step 415). The buffering procedure will be described in
detail with respect to Fig. 14.
[0051] The fragment exchange described above be-
tween nearly moving vehicles 10 and RSUs 20 may not
always be sufficient to obtain all of the needed content
30 and fragments 205. Therefore, a node, e.g., moving
vehicle 10 or RSU 20 may need to specifically query for

missing fragment 205 and contents 30.
[0052] The extend fragment query method uses inter-
mediary nodes, e.g., moving vehicles 10 and RSUs 20
as forwarding or relay nodes(e.g., moving vehicles) for
the queries and the fragments. Each moving vehicle 10
and RSU 20 maintains and tracks the available content
30 and fragments 205 for the content using the fragment
signature 210. One-hop neighbor nodes receive this in-
formation. In an embodiment, each node, e.g., moving
vehicle 10 and RSU 20 periodically broadcasts its iden-
tifier, speed, location or direction of travel and fragment
signature 210. The fragment signature 210 received from
all one-hop neighboring nodes is aggregated and used
to build a global fragment signature. Once the fragment
signature is constructed, the node, e.g., moving vehicle
10 or RSU 20 broadcast the fragment signature 210. The
fragment signature 210 is continuous updated such that
all of the nodes, within a given area can have access to
the same content fragment signature as a complete list
of available content and fragments.
[0053] In an embodiment, each node, e.g., moving ve-
hicle 10 and RSU 20 builds a local routing table for at
least one-hop neighboring nodes and routing to a RSU
20, i.e., next hop to the RSU. The routing table includes
at least a list of all neighboring nodes that have a link,
i.e. that are in radio communication range. When the
nodes receive the periodic broadcasts, the node updates
the routing table with the hop information and identifier
for the node. Any nodes within radio communication
range of the broadcasting node will receive the broadcast
message and senses a link. Each period, the nodes
check the status of the connectivity for each link. In an
embodiment, the routing table also includes the location,
speed and direction of travel of the neighboring nodes
collectively referenced as "tracking parameters." The
routing table is used by intermediary nodes to forwarding
the fragment queries towards possible content sources
(query path) and route the requested fragments back to
the requesting node.
[0054] When a node, e.g., moving vehicle 10 or RSU
20 receives a query of a requesting node, the node first
determines if the content (fragments) are stored locally,
i.e., buffered. If not, the node forwards the query along
a query path towards a known content server 15 or an-
other node that is likely to have the fragments 205, e.g.,
content server, RSU 20 or authorized moving vehicle.
The query path is determined using the predicted trajec-
tory/location of known content server or another node
likely to have fragments 205. Queries are forwarded to
and carried by intermediate nodes which follow a trajec-
tory toward this other node. Each node maintains a his-
tory of a fragment index. In an embodiment, the node
notifies the query node that the query has been forwarded
to another node.
[0055] If the content is locally available, the node per-
forms an aggregation of the fragments. Specifically, if the
fragments are locally available, the node performs adap-
tive fragment block sizing to aggregate the fragments for
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forwarding. The adaptive fragmentation block sizing is
described in Figs. 10-11. The fragments are aggregated
and forwarded to the querying node. Aggregate fragment
forwarding is described in Fig 12.
[0056] The query includes the fragment signature 210,
the identifier of the querying node, and a predicted route
trajectory for the querying node. In an embodiment, the
query has a maximum hop count for the query to be
forwarded, .e.g., a time-to-live value. The forwarding hop
count for the query is tracked. The maximum hop count
for the query is used to keep the query within a radius of
presence of the query node.
[0057] Each node tracks the fragments 205 that are
already stored or buffered locally. Content tracking is
used such that fragment queries are not forwarded un-
necessarily and to avoid redundant fragments from being
broadcast multiple times. In an embodiment, the content
is tracked by type of content scope such as a lifespan for
the content. The lifespan is determined for the content
by the content originator. Each node uses local informa-
tion and timestamps for the timing. Furthermore, an event
location and direction relevancy index can also be used.
The content can be grouped with similar events or for-
warding direction requirements. The content can be
grouped by a content priority. Buffering is described in
detail in Fig. 14.
[0058] When a fragment 205 is received, it is indexed
and stored in a content table. The node, e.g., moving
vehicle 10 or RSU 20 matches the received fragments
with apriori known fragment signature and records that
the fragment is received (and notes which fragments are
missing).
[0059] Fig. 6 illustrates a flow chart for content tracking.
At step 600, a node, e.g., moving vehicle 10 and RSU
20 receives a specific request for content. At step 605,
the node searches the global content fragment signature
(content index) for the requested content. In step 610,
the node determines if the content was found locally. The
node matches the content with the content request. If the
content is locally available, the node sets a content found
flag at step 635 and then performs the fragment aggre-
gation and forwarding which is described in detail later.
If the content is not locally available, a determination is
made whether the node is an authorized vehicle, content
server 15 or RSU 20 at step 615. If the node is any of
the above types, than the node performs content fetch-
ing, at step 620. If the content is not found locally by a
regular vehicle then the content request is dropped, at
step 625. Once the content is found, the content is index
at step 630 and stored. Content fetching is described in
Fig. 7.
[0060] At step 700, the fetching process starts. The
node, e.g., RSU 20 broadcasts a content request for the
missing content(s) to another RSU 20, at step 705. Con-
tent awareness is performed to maintain information
about what content is locally stored. Awareness of the
content locally stored will be used to determine if the spe-
cific content queried is locally available at the RSU at

step 610. If not locally available the RSU can obtain the
content 30 (from the backbone network or content server
15, in anticipation of a future request from a moving ve-
hicle 10. In another embodiment, the content can be fab-
ricated by a RSU 20 or another authorized moving vehi-
cle. A duplicate content can be created.
[0061] Once the content (fragments) is received locally
at the authorized vehicle or RSU, the content is stored
and indexed at step 630. In an embodiment, the content
source controls the scope of the content. The node stores
the content according to the dictated scope. The buffering
of the content will be described in detail in Fig. 14.
[0062] After the content is stored, the node performs
an adaptive aggregation or block sizing for the fragments.
The adaptive aggregation is described in Figs. 10-11.
The fragments are aggregated and forwarded to the re-
questing moving vehicle. Aggregate fragment forwarding
is described in Fig 12.
[0063] Each node e.g., 10, 15 or 20 checks to see of
the received fragment(s) is/are valid and authentic. Ad-
ditionally, the RSU 20 determines if the broadcasting
node is authorized to store or deposit the fragment(s).
[0064] The broadcasting node signs the message to
make if difficult for an unauthorized person to produce
the same fragment signature 205. Additionally, the con-
tent or fragment authentication is required to make it dif-
ficult to alter or falsify the signed content without detec-
tion.
[0065] In an embodiment, the digital signature is cre-
ated using a one-way hash function to form a fingerprint
of the fragments. This supports easy tracking of the valid
fragments. The digital signature is much smaller than the
fragments 205. The digital signature is unique to the orig-
inal content fragments. Any change in the fragments
would result in a different signature. Additionally, for se-
cure transmission of the fragments 205, the nodes can
encrypt the fragments 205.
[0066] Fig. 8 illustrates a process of generating an au-
thentic and secure content for transmission. As noted
above, only certain nodes can generate content, e.g.,
RSU 20 or a sub-set of the moving vehicles such as a
police vehicle or a content server 15. At step 800, the
content 30 is generated. The content 30 is fragmented
using the fragmentation process which will be described
in detailed with reference to Figs. 10 and 11. Once the
content 35 is fragmented and grouped into fragment
blocks 35, the data is digitally signed, at step 805. The
digitally signed fragment block is encrypted at step 810.
The digitally signed aggregated fragment block is en-
crypted using a private key 808 into an encrypted mes-
sage. The encrypted message is forwarded to another
node, e.g., moving vehicle 10 or RSU 20.
[0067] Fig. 9 illustrates a process of verifying and de-
crypting of the fragment block 35 according to the inven-
tion. At step 900, a receiving node receives an aggregate
fragment block. The receiving node decrypts the mes-
sage using a public key to obtain the digitally signed ag-
gregate fragment block (step 905). The receiving node
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then separates the digitally signed message into a sig-
nature and aggregate fragment block, step 910. At step
915, the receiving node performs the same one-way hash
function on the aggregate fragment block to verify the
digital signature. If the two signatures match, the frag-
ments 205 (fragment block 35) is/are authentic and valid.
If the two signatures do not match, the fragments have
been altered and are not authentic. At step 920, the newly
created signature (at step 915) is matched with the sig-
nature from the Content Source or originator (at step
805). If the signatures do not match (at step 920), the
node ignores the fragments, at step 925. If the signatures
do match (at step 920), the receiving node stores the
fragments from the aggregate fragment block 35, i.e.,
goes to step 1400. The buffering of the aggregate frag-
ment blocks 35 with the fragments 205 will be described
in detail in Fig. 14.
[0068] As stated above, the content 30 is partitioned
or divided into fragments 205 for distribution. This is due
to the mobility of nodes, e.g., moving vehicles and a lack
of sustainable communication opportunities for a long
period of time for node. Specifically, content 30 may be
too large to send as one large piece of data. The content
30 is divided into smaller fragments 205 for transmission
during the short opportunistic connection times. A
number of fragments sent in a single connection time or
connection window can be adapted to the specific con-
nection time. In other words, the number of fragments
205 sent in an aggregate fragment block 35 is adaptable.
[0069] The basic forwarding unit is a fragment 205. Any
number of fragments can be combined to form the ag-
gregate fragment block 35. Fig. 10 illustrates two exam-
ples of aggregate fragment blocks 351 and 352. Moving
vehicle 101 is traveling along a projected trajectory 40.
The expected or predicted communication window or
time is V1. Three fragments 205 can be transmitted to
moving vehicle 101 during the predicted communication
time V1 as a fragment block 351. Moving vehicle 102 is
traveling along a projected trajectory 40. The expected
or predicted communication window or time is V2. N frag-
ments 205 can be transmitted to moving vehicle 101 dur-
ing the predicted communication time V2 as a fragment
block 35N.
[0070] The content 30 is divided into fragments 205. A
fragment is a minimal transmission size for the content
30. The size of a fragment is dependent on the type of
content 30, connection speed, expect velocity of the
nodes, e.g., moving vehicles. For example, video content
can have a larger fragment size than audio content. In
an embodiment, the fragment size is based on shortest
connection time expected.
[0071] In an embodiment, the content source divides
the content 30 into fragments 205 and the fragment size
does not change. In another embodiment, each node,
e.g., authorized moving vehicle 10 or RSU 20 can adjust
the fragment size based upon updated environmental
parameters, such as a change of expect velocity.
[0072] Prior to transmission, the fragments 205 are in-

dexed, i.e., a fragment signature 210 is generated and
grouped or aggregated together to meet the available
connection time between nodes, i.e., fragment block 35.
[0073] Fig. 11 illustrates a flow diagram of the adaptive
fragmentation method. The process begins at step 1100.
At step 1105, a node receives a fragmentation request.
The fragmentation request is an internal request from a
processor. The content 30 is generated locally and frag-
mented. The content source fragments the content 30 at
step 1110. In an embodiment, the content 35 is parti-
tioned into a consecutive series of equal size fragments
205 of the content. These fragments may or may not
overlap. Each fragment can be tagged with a content
identifier and a fragment identifier within the fragment
signature 210.
[0074] The fragments 205 are then indexed. In an em-
bodiment, the index or signature is a hash of the fragment
205. The signature 210 uniquely identifies the fragment.
The fragment signature 210 is primarily used to piece
together all downloaded fragments 205 into the original
content 30. The signature 210 is also used to obtain miss-
ing fragments 205 from neighboring nodes. The size of
signature 210 is smaller than that of the fragment 205.
[0075] At steps 1120 and 1125, the size of the fragment
block 35 is determined based upon an opportunistic com-
munication time. Additionally, the size of fragment blocks
35 is based on the application type (from application
awareness), the remaining content and its indexing in-
formation. The opportunistic communication time is cal-
culated using information exchanged between the nodes
regarding the signal strength, speed of the connection
between nodes, predicted trajectory of a node and tra-
jectory of the source node. This information is shared
between nodes with some exchanged signaling messag-
es, i.e., handshake control messages (node sensing),
when they move into communication range. The ex-
changed information can be used to determine the com-
munication time and thus set the size of the fragment
block or aggregated fragments for forwarding. Alterna-
tive, each node periodically broadcasts this information.
[0076] An opportunistic communication time between
using an RSU 20 is more predictable than communication
between moving vehicles 10. A RSU 20 is stationary.
[0077] Moving vehicles 10 traveling in the same rela-
tive direction will have longer communication times than
moving vehicles 10 traveling in opposite directions. Long-
er communication times support larger fragment blocks
35, i.e., more fragments 205 can be aggregated and
transmitted. For example, if the connection speed for the
link between nodes is 6 kilo-bites per second, the expect-
ed communication time between two nodes is 10 sec-
onds, the node determines that 60 kilo-bites can be trans-
mitted. The node groups or aggregates fragments 205
for a fragment block 35 that will have a size less than 60
kilo-bites. After the fragment block 35 is set, the process
moves to fragment forwarding (step 1130).
[0078] Fig. 12 illustrates a process of fragment for-
warding according to an embodiment of the invention.
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The forwarding process starts at step 1200. At step 1205,
a fragment forwarding request is received. The request
can be an internal request in response to the generation
of content 30 by a content source (after fragmenting the
content). Additionally, the request can be received from
another node that is requesting specific fragments. For
example, a moving vehicle 10 issues a query for a set of
fragments. Each node searches the storage section or
memory for the requested content/fragments 30/205. If
found, the node, e.g., moving vehicle 10 or RSU 20, at-
tempts to forward the fragments 205 toward the reques-
tor. At step 1210, the node e.g., moving vehicle 10 or
RSU 20, determines if a neighboring node is a good for-
warding node to the requestor. Moving vehicle 10 will
use preset criterion to selecting neighboring nodes as
forwarding nodes. The forwarding nodes are selected in
real-time, when needed. The information used for the
selection is received periodically, or during node sensing,
i.e., sensing a neighboring node. In an embodiment, a
predicted trajectory for all neighboring node is used to
select the forwarding nodes. The node, e.g., moving ve-
hicle 10 or RSU 20, receives position information regard-
ing all nodes within radio range. Forwarding of the frag-
ment block 35 to a neighboring node is done only when
the nearby node’s trajectory will be moving in a direction
towards the requestor, i.e., between the node and the
requestor. In another embodiment, a node will only for-
ward the fragment block 35 if the node is moving in (or
located within) a predefined content trajectory (neighbor-
ing node within the content trajectory). The content tra-
jectory is defined by the content source (node that cre-
ated the content). The content trajectory eliminates the
broadcasting of non-relevant content to nodes outside a
content relevant area. For example, traffic information or
accident information is only relevant in a specific area.
[0079] Additionally, the forwarding node is selected
based upon an expected communication time. The frag-
ment block 35 can be adjusted to fit within the expected
communication time between a sending node and a for-
warding node (steps 1120 and 1125 repeated). If the
node is a good forwarding node, the fragment block 35
is broadcast, at step 1215. If there are no neighboring
nodes that are a good forwarding node, the fragment
block 35 is not broadcast and the node returns to an idle
state (state 300).
[0080] The fragments 205 can be proactively delivered
to a sub-set of nodes in the network, in advance of a
need. These nodes are selected to maximize delivery of
the content 30 and to maintain the content 30 within the
content trajectory area. These nodes are used to prop-
agate content 30 in a specific direction. The node or de-
posit nodes are special forwarding nodes. The deposit
point is selected based upon a content trajectory and/or
location of the node, e.g., geographic and temporal rel-
evance of the content.
[0081] Fig. 13 illustrates a method for selecting deposit
nodes according to an embodiment of the invention. The
process begins a step 1300. The node awakes from an

idle state. A fragment forwarding request is received at
step 1205. The fragment forwarding request is similar to
the request described in Fig. 12. At step 1305, a potential
deposit point is found. Specifically, a potential deposit
point is any neighboring node, i.e., any node within a
radio range. Potential deposit point is found by receiving
information exchanged via handshake control. This in-
formation includes at least an identifier for the node and
its speed and direction. The node selects one of the
neighboring nodes of evaluation. For first selected neigh-
boring node, a node determines if the selected neighbor-
ing node is within the content trajectory. The node com-
pares the location information, e.g., speed and direction
and the content trajectory at step 1310. The node predicts
a trajectory for the selected neighboring node. The pre-
dicted trajectory is compared with the content trajectory.
If neighboring node is predicted to remain within a rele-
vant location, i.e., within the content trajectory for an ex-
tended period of time, the neighboring node becomes a
deposit point. If, on the other hand, the neighboring node
is not predicted to remain within the relevant location,
i.e., outside a content trajectory, the neighboring node is
not selected as a deposit point and the node repeats the
evaluation process for another neighboring node (returns
to step 1305).
[0082] In another embodiment, an RSU 20 is automat-
ically selected as the deposit points.
[0083] Once a deposit point is selected and set, the
fragment block 35 is broadcast to the selected deposit
point at step 1215. The node returns to an idle state (state
300).
[0084] When fragments 205 or a fragment signature
210 is initially received, the data is temporarily stored in
cache, e.g., cache table 1500. However, content 30 can-
not be access until all of the fragments 205 are received
and assembled using the fragment signature. Obtaining
all of the fragments to recover the original content may
take time.
[0085] If not all fragments 205 are received within a
relevant period of time, then the content 30 may become
outdated. In an embodiment of the invention, the cache
table, e.g., 1500, in destination nodes or forwarding
nodes, includes a temporal limitation for the storage of
the fragments. The limitation can be based upon content
scope, content trajectory, relevant time, and number of
queries for the specific fragment, e.g., the number of du-
plicate fragments already transmitted and location of the
node. Additionally, a determination of a good cache time
may be based on the road condition and trajectory of the
vehicle compared to destination’s radius of presence.
[0086] If large cache times are used for fragments 205,
the nodes, e.g., moving vehicles 10 and 20 hold a large
amount of content 30. This reduces the need to exchange
content 30 often. However, this results higher storage
requirements. In addition, short duration information is
outdated very quickly and takes up unnecessary space.
Furthermore, a large number of fragments are forwarded.
If short cache times are used for fragments 205, then
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content sharing is increased and wireless overhead in-
creases.
[0087] Fig. 14 illustrates a method of buffering the frag-
ments 205 according to an embodiment of the invention.
The process begins at step 1400. At step 1405, a frag-
ment block 35 is received containing fragments 205.
Each fragment is stored. In an embodiment, each trans-
mitted fragment includes a timestamp. The timestamp is
the time when the fragment 205 was originated, i.e., orig-
inally generated by the originating node. The timestamp
is used for content lifetime, i.e., fragment lifespan. In an-
other embodiment, the fragment 205 also includes a con-
tent trajectory or information regarding the locations or
forwarding direction requirements together in a cache
table 1500. An example of a cache table 1500 is depicted
in Fig. 15. In another embodiment, the fragment 205 in-
cludes priority information related to a priority of the frag-
ment. A high priority fragment will be transmitted first dur-
ing shorter connection times such that the required con-
tent is exchanged while in longer connections times some
lower priority content is also exchanged.
[0088] Additionally, the fragment 205 can include more
than one of the above-identified parameters, i.e., priority,
scope, location, lifespan.
[0089] In an embodiment, the originator or source node
of the fragment 205 set the parameters, i.e., indexes the
fragment. A recipient node extracts the index information
and adds the information to the cache table 1500. For
example, if the fragment 205 includes, scope and location
information, the node associates the scope information
with the fragment 205 in the cache table 1500, at step
1435. The content 30, e.g., fragments 205 remain in the
cache table 1500 as long as the node, e.g., moving ve-
hicle 10 remains within the location or content trajectory.
The node, e.g., moving vehicle 10 periodically deter-
mines if its current position or predicted trajectory is within
the content trajectory or scope (step 1440). Specifically,
the node, e.g., moving vehicle 10 compares its location
with the scope or content trajectory information in the
cache table 1400. If there is a match, i.e., still within the
content trajectory, the fragments 205 are kept. On the
other hand, if the node, e.g., moving vehicle 10 is outside
the content trajectory, i.e., predicted trajectory not in the
content trajectory, the content 30 (fragment 205) is re-
moved or purged from the cache table 1500 at step 1430.
[0090] If at step 1405, the fragment 205 includes infor-
mation regarding the lifespan for the fragment 205, the
lifespan is associated with the fragment 205 in the cache
table 1500 at step 1410. Once the fragment 205 is stored
in the cache table 1500, a timing section 115 is set with
the associated lifespan and started, at step 1415. Each
time the fragment 205 is reused, e.g., forwarded, the tim-
ing section 115 is reset. The node, e.g., moving vehicle
10 or RSU 20 determines if the fragment 205 has been
recently forwarded, at step 1420. If the fragment has been
recently forwarded, the timing section 115 is reset to the
associated lifespan, at step 1415.
[0091] If the fragment has not been recently forwards,

the node, e.g., moving vehicle 10 or RSU 20, determines
if the timing section 115 has expired, at step 1425. If the
timing section 115 expires, the content 30 (fragment 205)
is removed or purged from the cache table 1500 at step
1430.
[0092] In another embodiment, the node, e.g., moving
vehicle 10 or RSU 20, can remove or pulse the cache
table 1500, if not all fragments 205 of a specific content
30 are received within a predefined period of time. Miss-
ing fragments are determined by examining the content
index or signature 210 for all of the fragments.
[0093] As depicted in Fig. 15, the cache table 1500
includes a plurality of content 30. Each content 30 is as-
sociated with different cache times and scopes.
[0094] The invention has been described herein with
reference to a particular exemplary embodiment. Certain
alterations and modifications may be apparent to those
skilled in the art, without departing from the scope of the
invention. The exemplary embodiments are meant to be
illustrative, not limiting of the scope of the invention, which
is defined by the appended claims.

Claims

1. A method for transmitting data in a vehicular network
from a content source to a mobile target node, com-
prising the steps of:

receiving, from the target node, a request for
content, the request including fragment index in-
formation in a fragment signature, the target
node’s current position, a direction of motion and
speed of the target node,
determining, by the content source, a commu-
nication window between a further mobile node
and the target node;
grouping, by the content source in accordance
with said fragment index information in said frag-
ment signature, a plurality of fragments of con-
tent together into an aggregate fragment block;
transmitting the aggregate fragment block to the
further mobile node for forwarding the aggregate
fragment block to said target node during said
communication window; and
assembling the plurality of fragments into the
content.

2. The method according to claim 1, wherein fragment
size of a fragment is variable based upon an average
communication window and bandwidth of wireless
network.

3. The method according to claim 1, wherein a number
of fragments grouped into the aggregate fragment
block depends on the communication window.

4. The method according to claim 1, further comprising
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the step of determining a predicted trajectory of the
target node.

5. The method according to claim 4, wherein the pre-
dicted trajectory of the target node is inferred from a
location of each road-side unit (RSU) in radio com-
munication with the target node.

6. The method according to claim 1, wherein said com-
munication window is a communication time for
transmission between the further node and the target
node, said communication window is calculated us-
ing a speed of a data link, a radio communication
range, and a direction of motion and speed of the
target node and the further node.

7. The method according to claim 1, further comprising
the steps of:

dividing the content into the plurality of frag-
ments; and
generating a fragment signature that contains
fragment index information regarding each frag-
ment, where each fragment is unambiguously
identified by its signature.

8. The method according to claim 7, further comprising
the step of storing the fragment index information in
memory.

9. The method according to claim 1, further comprising
the steps of:

verifying an authenticity of each of the forwarded
fragments; and
storing each of the forwarded fragments, based
upon the verification, where each of the received
fragments is identified by a signature.

10. The method according to claim 9, further comprising
the step of determining local storage lifespan for
each fragment.

11. The method according to claim 9, further comprising
the step of assigning a fragment trajectory for each
fragment.

12. The method according to claim 1, wherein said
grouping is based upon a priority of each fragment.

13. The method according to claim 1, comprising the
steps of:

dividing requested data into fragments;
creating a fragment signature containing a frag-
ment index;
determining said communication window based
upon an allowed communication time between

two nodes;
grouping the fragments into aggregate fragment
blocks, each having a block size determined by
the communication window; and
transmitting the aggregate fragment blocks.

14. The method according to claim 13, further compris-
ing the step of transmitting the fragment signature.

15. The method for transmitting data according to claim
14, further comprising the step of receiving a request
for a fragment listed in the fragment signature.

Patentansprüche

1. Verfahren zum Senden von Daten in einem Fahr-
zeugnetz von einer Inhaltsquelle zu einem mobilen
Zielknoten, das die folgenden Schritte umfasst:

Empfangen von dem Zielknoten einer Anforde-
rung von Inhalt, wobei die Anforderung Frag-
mentindexinformationen in einer Fragmentsig-
natur, die aktuelle Position des Zielknotens, eine
Bewegungsrichtung des Zielknotens und eine
Geschwindigkeit des Zielknotens enthält,
Bestimmen durch die Inhaltsquelle eines Kom-
munikationsfensters zwischen einem weiteren
mobilen Knoten und dem Zielknoten;
Gruppieren durch die Inhaltsquelle in Überein-
stimmung mit den Fragmentindexinformationen
in der Fragmentsignatur mehrerer Inhaltsfrag-
mente zu einem Aggregat-Fragmentblock;
Senden des Aggregat-Fragmentblocks zu dem
weiteren mobilen Knoten, um den Aggregat-
Fragmentblock während des Kommunikations-
fensters zu dem Zielknoten weiterzuleiten; und
Zusammenfügen der mehreren Fragmente zu
dem Inhalt.

2. Verfahren nach Anspruch 1, wobei die Fragment-
größe eines Fragments auf der Grundlage eines
mittleren Kommunikationsfensters und der Band-
breite des drahtlosen Netzes variabel ist.

3. Verfahren nach Anspruch 1, wobei eine Anzahl der
Fragmente, die zu dem Aggregat-Fragmentblock
gruppiert werden, von dem Kommunikationsfenster
abhängt.

4. Verfahren nach Anspruch 1, das ferner den Schritt
des Bestimmens einer vorhergesagten Bahn des
Zielknotens umfasst.

5. Verfahren nach Anspruch 4, wobei die vorhergesag-
te Bahn des Zielknotens aus dem Ort jeder straßen-
seitigen Einheit (RSU) in der Funkkommunikation
mit dem Zielknoten erschlossen wird.
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6. Verfahren nach Anspruch 1, wobei das Kommuni-
kationsfenster eine Kommunikationsdauer für die
Übertragung zwischen dem weiteren Knoten und
dem Zielknoten ist, wobei das Kommunikationsfens-
ter unter Verwendung einer Geschwindigkeit einer
Datenstrecke, eines Funkkommunikationsbereichs,
einer Bewegungsrichtung des Zielknotens und des
weiteren Knotens und einer Geschwindigkeit des
Zielknotens und des weiteren Knotens berechnet
wird.

7. Verfahren nach Anspruch 1, das ferner die folgenden
Schritte umfasst:

Unterteilen des Inhalts in die mehreren Frag-
mente; und
Erzeugen einer Fragmentsignatur, die Frag-
mentindexinformationen für jedes Fragment
enthält, wobei jedes Fragment durch seine Sig-
natur eindeutig identifiziert wird.

8. Verfahren nach Anspruch 7, das ferner den Schritt
des Speicherns der Fragmentindexinformationen in
einem Speicher umfasst.

9. Verfahren nach Anspruch 1, das ferner den folgen-
den Schritt umfasst:

Verifizieren der Echtheit jedes der weitergelei-
teten Fragmente; und
Speichern jedes der weitergeleiteten Fragmen-
te anhand der Verifikation, wobei jedes der emp-
fangenen Fragmente durch eine Signatur iden-
tifiziert wird.

10. Verfahren nach Anspruch 9, das ferner den Schritt
des Bestimmens der Dauer der lokalen Speicherung
jedes Fragments umfasst.

11. Verfahren nach Anspruch 9, das ferner den Schritt
des Zuweisens einer Fragmentbahn zu jedem Frag-
ment umfasst.

12. Verfahren nach Anspruch 1, wobei das Gruppieren
auf der Priorität jedes Fragments beruht.

13. Verfahren nach Anspruch 1, das die folgenden
Schritte umfasst:

Unterteilen angeforderter Daten in Fragmente;
Erzeugen einer Fragmentsignatur, die einen
Fragmentindex enthält;
Bestimmen des Kommunikationsfensters auf
der Grundlage einer zulässigen Kommunikati-
onszeit zwischen zwei Knoten;
Gruppieren der Fragmente in Aggregat-Frag-
mentblöcke, wovon jeder eine Blockgröße hat,
die durch das Kommunikationsfenster bestimmt

ist; und
Senden der Aggregat-Fragmentblöcke.

14. Verfahren nach Anspruch 13, das ferner den Schritt
des Sendens der Fragmentsignatur umfasst.

15. Verfahren zum Senden von Daten nach Anspruch
14, das ferner den Schritt des Empfangens einer An-
forderung für ein Fragment, das in der Fragmentsi-
gnatur aufgelistet ist, umfasst.

Revendications

1. Procédé de transmission de données dans un ré-
seau véhiculaire d’une source de contenus à un
noeud mobile cible, comprenant les étapes de :

réception, du noeud cible, d’une demande de
contenu, la demande incluant une information
d’indice de fragment dans une signature de frag-
ment, la position courante du noeud cible, une
direction de mouvement et une vitesse du noeud
cible,
détermination, par la source de contenus, d’une
fenêtre de communication entre un autre noeud
mobile et le noeud cible ;
regroupement, par la source de contenus en
fonction de ladite information d’indice de frag-
ment dans ladite signature de fragment, d’une
pluralité de fragments de contenu ensemble en
un bloc de fragments agrégés ;
transmission du bloc de fragments agrégés à
l’autre noeud mobile pour acheminement du
bloc de fragments agrégés jusqu’audit noeud ci-
ble lors de ladite fenêtre de communication ; et
assemblage de la pluralité de fragments en le
contenu.

2. Procédé selon la revendication 1, dans lequel une
taille de fragment d’un fragment est variable sur la
base d’une fenêtre de communication et d’une ban-
de passante moyennes de réseau sans fil.

3. Procédé selon la revendication 1, dans lequel un
nombre de fragments regroupés en le bloc de frag-
ments agrégés dépend de la fenêtre de communi-
cation.

4. Procédé selon la revendication 1, comprenant en
outre l’étape de détermination d’une trajectoire pré-
dite du noeud cible.

5. Procédé selon la revendication 4, dans lequel la tra-
jectoire prédite du noeud cible est inférée à partir
d’un emplacement de chaque unité de bord de route
(RSU) en communication radio avec le noeud cible.
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6. Procédé selon la revendication 1, dans lequel ladite
fenêtre de communication est un moment de com-
munication pour une transmission entre l’autre
noeud et le noeud cible, ladite fenêtre de communi-
cation est calculée en utilisant une vitesse d’une
liaison de données, une portée de communication
radio, et une direction de mouvement et une vitesse
du noeud cible et de l’autre noeud.

7. Procédé selon la revendication 1, comprenant en
outre les étapes de :

division du contenu en la pluralité de fragments ;
et
génération d’une signature de fragment qui con-
tient une information d’indice de fragment rela-
tive à chaque fragment, où chaque fragment est
identifié de manière non ambiguë par sa signa-
ture.

8. Procédé selon la revendication 7, comprenant en
outre l’étape de stockage de l’information d’indice
de fragment dans une mémoire.

9. Procédé selon la revendication 1, comprenant en
outre les étapes de :

vérification d’une authenticité de chacun des
fragments acheminés ; et
stockage de chacun des fragments acheminés,
sur la base de la vérification, où chacun des frag-
ments reçus est identifié par sa signature.

10. Procédé selon la revendication 9, comprenant en
outre l’étape de détermination d’une durée de stoc-
kage local pour chaque fragment.

11. Procédé selon la revendication 9, comprenant en
outre l’étape d’affectation d’une trajectoire de frag-
ment pour chaque fragment.

12. Procédé selon la revendication 1, dans lequel ledit
regroupement est basé sur une priorité de chaque
fragment.

13. Procédé selon la revendication 1, comprenant les
étapes de :

division de données demandées en fragments ;
création d’une signature de fragment contenant
un indice de fragment ;
détermination de ladite fenêtre de communica-
tion sur la base d’une durée de communication
autorisée entre deux noeuds ;
regroupement des fragments en blocs de frag-
ments agrégés, chacun ayant une taille de bloc
déterminée par la fenêtre de communication ; et
transmission des blocs de fragments agrégés.

14. Procédé selon la revendication 13, comprenant en
outre l’étape de transmission de la signature de frag-
ment.

15. Procédé de transmission de données selon la reven-
dication 14, comprenant en outre l’étape de récep-
tion d’une demande d’un fragment listé dans la si-
gnature de fragment.
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