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when the source node wants to communicate with the destination node,the /8210
source node sends a route request packet through the relay nodes to find ot
least one transmission path to the destination node

after receiing the route request packet, each of the relay nodes relays the |/~ S0
route request packet to the destination node

after receiving the route request packet, the destination node sends o route /3230
reply packet to the source node through the relay nodes locating on the ot
least one transmission path

when a second relay node other than the first relay node of the specific

relay nodes receives the route reply packet, the second relay node updates | /~ 5240

the route reply packet by appending its neighbour table, and forwards the
route reply packet

when the first relay node receives the route reply packet, the first relay node | ~S250
obtains moving traces the specific relay nodes according to the route reply L/
nacket

the first relay node estimates at least one connection life period related to | /~ 5260
the specific road slots according to the moving traces

the first relay node intersects the at least one connection life period to |/~ 5210
estimate at least one connection available interval of the specific road section

- — /5280
the first relay node appends the at least one connection available interval to
the route reply packet ond forward the route reply packet

after receiving the route reply packet, the source node dynamically switches 5290
to the at least one transmission path for transmitting data packets | /~
according to the at least one connection ovailable interval comprised in the
received route reply packet

FIG. 2
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VEHICULAR COMMUNICATION SYSTEM
AND ROUTING METHOD THEREOF

BACKGROUND

[0001] 1. Field of the Invention

[0002] The invention relates to a communication system
and a routing method thereof, in particular, to a vehicular
communication system and a routing method thereof.
[0003] 2. Description of Related Art

[0004] Traditional routing protocols in vehicular ad hoc
networks (VANETS) are node-based, while to adapt to urban
VANETSs, most of recent routing protocols are road-based. In
node-based routing protocols, a path is composed of nodes,
and packets are relayed along the determined sequence of
nodes. However, due to high mobility in VANETSs, nodes
move apart from each other rapidly. The physical link of
consecutive relay nodes easily gets broken so that route fail-
ures occur frequently in node-based routing protocols. Fre-
quent rout failures result in packet loss and increase control
overhead of route recovery. As a result, road-based routing
protocols were proposed to improve route stability. That is, a
path consists of a succession of road sections from source to
destination, and data packets are transferred along the road
sections. With each road sections, geographical forwarding is
used. As long as nodes are dense enough in each road section
of a path, the whole path is connected. In urban VANETs,
node density in a road section does not vary too much, in a
short period. Therefore, road-based routing is steadier than
node-based routing. To further enhance route stability, mul-
tipath routing provides alternative routes immediately once
the current route fails, or provides concurrent transmission
with multiple paths. However, existing multipath routing
approaches are node-based routing protocols. So they still
inherit the drawback of node-based routing protocols that
nodes move apart from each other rapidly.

SUMMARY

[0005] Accordingly, the present invention is directed to a
vehicular communication system and a routing method
thereof.

[0006] A vehicular communication system is introduced
herein. The vehicular communication system includes a
source node, a plurality of relay nodes and a destination node.
When the source node wants to communicate with the desti-
nation node, the source node sends a route request packet to
find at least one transmission path to the destination node,
wherein each of the transmission path comprises at least one
road section, and each of the road section comprises at least
one road slot. After receiving the route request packet, each of
the relay nodes relay the route request packet to the destina-
tion node. After receiving the route request packet, the desti-
nation node sends a route reply packet to the source node
through the relay nodes locating on the at least one transmis-
sion path. When a first relay node of the relay nodes, which
locates in a last road slot of each of the road section, receives
the route reply packet, the first relay node is configured to
obtain a plurality of moving traces of a plurality of specific
relay nodes according to the route reply packet. The specific
relay nodes comprises the relay nodes currently locating in a
specific road section, and the specific road section is the road
section that the route reply packet currently reaches. Next, the
first relay estimates at least one connection life period related
10 a plurality of specific road slots according to the moving
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traces. The specific road slots are the road slots within the
specific road section. Afterwards, the first relay node esti-
mates at least one connection available interval of the specific
road section according to the at least one connection life
period. Subsequently, the first relay node appends the at least
one connection available interval to the route reply packet and
forward the route reply packet. The last road slot is the road
slot that the route reply packet lastly reaches in each of the
road sections while being relayed to the source node.

[0007] In one embodiment of the present invention, the
route request packet comprises a source field, a destination
field, a packet sequence number and a road section list,
wherein the source field is related to the source node, the
destination field is related to the destination node. After
receiving the route request packet, each of the relay nodes is
configured to determine whether the route request packet has
been previously processed by checking the packet sequence
number in a route request table. If yes, the first relay node
ignores the route request packet; if no, the first relay node
records the packet sequence number in the route request table
and determines whether the road section list comprises the
road section that the route request packet currently reaches. If
yes, the first relay node geographically forwards the route
request packet; if no, the first relay node updates the route
request packet by appending the road section that the route
request packet currently reaches into the road section list and
geographically forwards the route request packet.

[0008] Inoneembodimentof the present invention, each of
the relay nodes has a neighbour table configured to record a
coordinate, a speed and a moving direction of neighbouring
relay nodes. When a second relay node other than the first
relay node of the specific relay nodes receives the route reply
packet, the second relay node updates the route reply packet
by appending its neighbour table, and forwards the route
reply packet.

[0009] Inoneembodiment of the present invention, the first
relay node obtains the moving traces of the specific relay
nodes according to the neighbour table corresponding to each
of the specific relay nodes.

[0010] Inoneembodimentofthe present invention, the first
relay node is further configured to remove the neighbour
table, which corresponds to each of the specific relay nodes,
contained in the route reply packet after estimating the at least
one connection available interval of the specific road section.
Next, the first relay node appends the neighbour table of the
first relay node to the route reply packet.

[0011] Inoneembodimentof the present invention, each of
the relay nodes periodically broadcasts a hello message to the
neighbouring relay nodes. The hello message comprises the
coordinate, the speed and the moving direction of the relay
node that sends the hello message, and the neighbouring relay
nodes are the relay nodes within a transmission range of the
relay node that sends the hello message. After receiving the
hello message, each of the relay nodes updates its neighbour
table according to the received hello message.

[0012] Inoneembodiment of the present invention, the first
relay node maps the moving traces of the specific relay nodes
into a space-time planar graph, wherein an X-axis of the
space-time planar graph is a time axis and a Y-axis of the
space-time planar graph corresponds to the specific road
slots. The first relay node estimates a plurality of staying
intervals that the specific relay nodes stay in each of the
specific road slots. For each of the specific road slots, the first
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relay node projects the corresponding staying intervals to the
time axis to find the at least one connection life period related
to the specific road slots.

[0013] Inoneembodiment of the present invention, the first
relay node intersects the at least one connection life period to
estimate at least one connection available interval of the spe-
cific road section.

[0014] In one embodiment of the present invention, after
receiving the route reply packet, the source node dynamically
switches to the at least one transmission path for transmitting
data packets according to the at least one connection available
interval comprised in the received route reply packet.

[0015] In one embodiment of the present invention, the
destination node periodically sends a route update packet for
checking whether the at least one transmission path is valid,
and if the at least one transmission path is invalid, the source
node re-sends the route request packet to the destination node
through the relay nodes for refreshing the at least one trans-
mission path.

[0016] A routing method adapted to a vehicular communi-
cation system that comprises a source node, a plurality of
relay nodes and a destination node is introduced herein. The
routing method includes the following steps. When the source
node wants to communicate with the destination node, the
source node sends a route request packet to find at least one
transmission path to the destination node, wherein each of the
transmission path comprises at least one road section, and
each of the road section comprises at least one road slot. After
receiving the route request packet, each of the relay nodes
relay the route request packet to the destination node. After
receiving the route request packet, the destination node sends
a route reply packet to the source node through the relay
nodes locating on the at least one transmission path. When a
first relay node of the relay nodes, which locates in a last road
slot of each of the road sections, receives the route reply
packet, the first relay node is configured to obtain a plurality
of moving traces of a plurality of specific relay nodes accord-
ing to the route reply packet. The specific relay nodes com-
prise the relay nodes currently locating in a specific road
section, and the specific road section is the road section that
the route reply packet currently reaches. Afterwards, the first
relay node estimates at least one connection life period
related to a plurality of specific road slots according to the
moving traces. The specific road slots are the road slots within
the specific road section. Next, the first relay node estimates
at least one connection available interval of the specific road
section according to the at least one connection life period.
Subsequently, the first relay node appends the at least one
connection available interval to the route reply packet and
forward the route reply packet.

[0017] In one embodiment of the present invention, the
route request packet comprises a source field, a destination
field, a packet sequence number and a road section list,
wherein the source field is related to the source node, the
destination field is related to the destination node, and the step
of each of the relay nodes relaying the route request packet to
the destination node comprises the following steps. After
receiving the route request packet, each of the relay nodes is
configured to determine whether the route request packet has
been previously processed by checking the packet sequence
number in a route request table. If yes, the first relay node
ignores the route request packet; if no, the first relay node
records the packet sequence number in the route request table
and determines whether the road section list comprises the
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road section that the route request packet currently reaches. If
yes, the relay node geographically forwards the route request
packet; if no, the first relay node updates the route request
packet by appending the road section that the route request
packet currently reaches into the road section list and geo-
graphically forwards the route request packet.

[0018] Inoneembodiment ofthe present invention, each of
the relay nodes has a neighbour table configured to record a
coordinate, a speed and a moving direction of neighbouring
relay nodes, and the step of each of the relay nodes relaying
the route request packet to the destination node comprises:
when a second relay node other than the first relay node of the
specific relay nodes receives the route reply packet, the sec-
ond relay node updates the route reply packet by appending
its neighbour table, and forwards the route reply packet.
[0019] Inoneembodiment ofthe present invention, the step
of obtaining the moving traces of the specific relay nodes
according to the route reply packet comprises: the first relay
node obtains the moving traces of the specific relay nodes
according to the neighbour table corresponding to each of the
specific relay nodes.

[0020] In one embodiment of the present invention, after
the step of the first relay node estimating the at least one
connection available interval of the specific road section
according to the at least one connection life period, the rout-
ing method further comprises: the first relay node removes the
neighbour table, which corresponds to each of the specific
relay nodes, contained in the route reply packet after estimat-
ing the at least one connection available interval of the spe-
cific road section. Next, the first relay node appends the
neighbour table of the first relay node to the route reply
packet.

[0021] In one embodiment of the present invention, the
routing method further comprises: each of the relay nodes
periodically broadcasting a hello message to the neighbour-
ing relay nodes, wherein the hello message comprises the
coordinate, the speed and the moving direction of the relay
node that sends the hello message, and the neighbouring relay
nodes are the relay nodes within a transmission range of the
relay node that sends the hello message. After receiving the
hello message, each of the relay nodes updates its neighbour
table according to the received hello message.

[0022] Inoneembodiment ofthe present invention, the step
of the first relay node estimating the at least one connection
life period related to the specific road slots according to the
moving traces comprises: the first relay node maps the mov-
ing traces of the specific relay nodes into a space-time planar
graph, wherein an X-axis of the space-time planar graph is a
time axis and a Y-axis of the space-time planar graph corre-
sponds to the specific road slots. Next, the first relay node
estimates a plurality of staying intervals that the specific relay
nodes stays in each of the specific road slots. For each of the
specific road slots, the first relay node projects the corre-
sponding staying intervals to the time axis to find the at least
one connection life period related to the specific road slots.
[0023] Inoneembodiment ofthe present invention, the step
of the first relay node estimating the at least one connection
available interval of the specific road section according to the
at least one connection life period comprises: the first relay
node intersects the at least one connection life period to
estimate at least one connection available interval of the spe-
cific road section.

[0024] In one embodiment of the present invention, after
the step of the destination node sending the route reply packet
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to the source node through the relay nodes locating on the at
least one transmission path, further comprises: after receiving
the route reply packet, the source node dynamically switches
1o the at least one transmission path for transmitting data
packets according to the at least one connection available
interval comprised in the received route reply packet.

[0025] 1In one embodiment of the present invention, the
routing method further comprises: the destination node peri-
odically sends a route update packet for checking whether the
at least one transmission path is valid, and if the at least one
transmission path is invalid, the source node re-sends the
route request packet to the destination node through the relay
nodes for refreshing the at least one transmission path.
[0026] Based onthe above description, the embodiments of
the present invention provide a vehicular communication sys-
tem and a routing method thereof. By accurately predicting
the path connection life periods of the found transmission
paths with the information included in the route reply packet,
the source node could dynamically switch among the trans-
mission paths without encountering disconnected transmis-
sion paths.

[0027] In order to make the aforementioned and other fea-
tures and advantages of the invention comprehensible, sev-
eral exemplary embodiments accompanied with figures are
described in detail below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] The accompanying drawings are included to pro-
vide a further understanding of the invention, and are incor-
porated in and constitute a part of this specification. The
drawings illustrate embodiments of the invention and,
together with the description, serve to explain the principles
of the invention.

[0029] FIG. 1 is a schematic diagram illustrating a vehicu-
lar system according to an exemplary embodiment of the
present invention.

[0030] FIG.2isa flow chartillustrating the routing method
according to an exemplary embodiment of the present inven-
tion.

[0031] FIG. 3 is a schematic diagram illustrating a map
according to an exemplary embodiment of the present inven-
tion.

[0032] FIG. 4 is a schematic diagram illustrating a space-
time planar graph according to FIG. 3.

[0033] FIG. 5 is a schematic diagram illustrating the map
and the estimated connection available intervals of road sec-
tions according to FIG. 1.

[0034] FIG. 6 is a schematic diagram illustrating the path
connection life periods of the transmission paths according to
FIG. 1.

DETAILED DESCRIPTION OF DISCLOSED
EMBODIMENTS

[0035] Some embodiments of the present application will
now be described more fully hereinafter with reference to the
accompanying drawings, in which some, but not all embodi-
ments of the application are shown. Indeed, various embodi-
ments of the application may be embodied in many different
forms and should not be construed as limited to the embodi-
ments set forth herein; rather, these embodiments are pro-
vided so that this disclosure will satisfy applicable legal
requirements. Like reference numerals refer to like elements
throughout.
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[0036] FIG. 1 is a schematic diagram illustrating a vehicu-
lar system according to an exemplary embodiment of the
present invention. In the present embodiment, the vehicular
system 100 includes a source node 110, relay nodes RL, and
adestination node 120. The vehicular communication system
100 may be deployed in an urban region 10. As exemplarily
shown in FIG. 1, the urban region 10 may include road sec-
tions RS0-RS8, and there may be blocks between the road
sections RSO-RS8. The source node 110, the relay nodes RL
and the destination node 120 may respectively be a vehicle, a
car, a motorcycle or any kind of mobile device that could
directly or indirectly communicate with other mobile devices
(e.g., vehicles). Alternatively, the source node 110, the relay
node RL and the destination node 120 may respectively be an
electronic device disposed on a mobile device (e.g., a vehicle)
that could directly or indirectly communicate with other elec-
tronic devices disposed on other mobile devices, but the
invention is not limited thereto.

[0037] In one embodiment of the present invention, the
vehicular communication system 100 may be implemented as
a vehicular ad hoc network (VANET). That is, each of the
nodes (e.g., the source node 110, the relay node RL and the
destination node 120) of the vehicular communication system
100 may directly communicate with other nodes through an
ad hoc routing protocol, instead of communicating through a
base station. Besides, each of the nodes of the vehicular
communication system 100 may have a global positioning
system (GPS) module, such that each of the nodes is able to
know its own coordinate, speed and moving direction from
the GPS module.

[0038] Insome embodiments, each of the relay nodes may
have a neighbour table configured to record a coordinate, a
speed and amoving direction of neighbouring relay nodes. To
be more specific, each of the relay nodes may periodically
broadcast a hello message to the neighbouring relay nodes.
The hello message may include the coordinate, the speed and
the moving direction of the relay node that sends the hello
message. The neighbouring relay nodes are the relay nodes
within a transmission range of the relay node that sends the
hello message. After receiving the hello message, each of the
relay nodes R, may update its neighbour table according to
the received hello message.

[0039] By arouting method proposed in the embodiments
of the present invention, the source node 110 may dynami-
cally switch to a transmission path used for transmitting data
packets according to accurately predicted connection life
periods related to the road sections included in the found
transmission paths. Detailed discussion of the routing method
is provided in the following paragraphs.

[0040] Referringto FIG.2, FIG. 2 is a flow chart illustrating
the routing method according to an exemplary embodiment of
the present invention. The routing method illustrated in FIG.
2 could be embodied by the nodes illustrated in FIG. 1, and
hence the details of the steps in FIG. 2 would be described
along with the nodes illustrated in FIG. 1.

[0041] In step S210, when the source node 110 wants to
communicate with the destination node 120, the source node
110 may send a route request packet through the relay nodes
RL to find at least one transmission path to the destination
node 120. Specifically, the source node 110 may broadcast (or
flood) the route request packet into the vehicular communi-
cation system 100.

[0042] Insome embodiments, the route request packet may
include a source field, a destination field, a packet sequence
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number and a road section list. The source field may be
configured to record the information related to the source
node 110, such as the identification of the source node 110 or
any other information that could uniquely represent the
source node 110. The destination field may be configured to
record the information related to the destination node 120,
such as the identification of the destination node 120 or any
other information that could uniquely represent the destina-
tion node 120. The packet sequence number may be the
information that could uniquely represent the route request
packet, such that the route request packet could be identified
by the node that receives the route request packet. The road
section list may be configured to record the road sections that
the route request packet has passed while being relayed to the
destination node 120.

[0043] 1In step S220, after receiving the route request
packet, each of the relay nodes RL relays the route request
packet to the destination node 120. Note that adjacent relay
nodes are within each other’s transmission range. Each of the
relay nodes RL may be configured to perform some addi-
tional operations to prevent repeatedly process the route
request packet that has been processed by itself.

[0044] Specifically, each of the relay nodes RL may have a
route request table configured for recording the packet
sequence numbers of every route request packet that has been
processed by itself. That is, if the packet sequence number
does not exist in the route request table of the relay node that
receives the route request packet, this represents that the route
request packet has not been processed by the relay node that
the route request packet currently reaches. Hereinafter, the
relay node that that currently receives and processes the route
request packet would be named as a particular relay node for
brevity. When the particular relay node receives the route
request packet, the particular relay node may firstly determine
whether the route request packet has been previously pro-
cessed by the particular relay node via checking the packet
sequence number in its route request table. To be more spe-
cific, the particular relay node may check whether the packet
sequence number of the route request table is already
recorded in the route request table of the particular relay node.
If yes, the particular relay node may simply ignore and/or
discard the route request packet. If no, the particular relay
node may record or add the packet sequence number of the
received route request table in the route request table of the
particular relay node.

[0045] Inotherembodiments, the particular relay node may
further insert or append some information to the route request
packet for making the route request packet be able to record
every passed road sections. For example, after recording the
packet sequence number in the route request table, the par-
ticular relay node may further determine whether the road
section list of the route request packet includes the road
section that the route request packet currently reaches. If yes,
the particular relay node may simply geographically forward
the routerequest packet. That is, the particular relay node may
forward the route request packet to the relay node that simul-
taneously satisfies the following conditions: (a) being in the
transmission range of the particular relay node and (b) being
the relay node that is the farthest from the particular relay
node.

[0046] On the other hand, if the road section list of the route
request packet does not include the road section that the route
request packet currently reaches, the particular relay node
may update the route request packet by appending (or adding)
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the road section that the route request packet currently
reaches into the road section list. Afterwards, the particular
relay node may geographically forward the updated route
request packet as well.

[0047] Asaresult,if the route request packet is successfully
relayed to the destination node 120, the destination node 120
would be able to find the transmission paths between the
source node 110 and the destination node 120 by analyzing
the received route request packet. Taking FIG. 1 as an
example, if there exists a route request packet that being
sequentially relayed by the relay nodes locating in the road
sections RS1, RS2 and RS5, the road sections RS1, RS2 and
RSS5 would be recorded in the road section list of this route
request packet, and the destination node 120 would corre-
spondingly know that a transmission path TP1 (which corre-
sponds to the road sections RS1, RS2 and RSS5) exists
between the source node 110 and the destination node 120.

[0048] For another example, if there exists a route request
packet that being sequentially relayed by the relay nodes
locating in the road sections RS1, RS4 and RS7, the road
sections RS1, RS4 and RS7 would be recorded in the road
section list of this route request packet, and the destination
node 120 would correspondingly know that a transmission
path TP2 (which corresponds to the road sections RS1, RS4
and RS7) exists between the source node 110 and the desti-
nation node 120. For yet another example, if there exists a
route request packet that being sequentially relayed by the
relay nodes locating in the road sections RS3, RS6 and RS7,
the road sections RS3, RS6 and RS7 would be recorded in the
road section list of this route request packet, and the destina-
tion node 120 would correspondingly know that a transmis-
sion path TP3 (which corresponds to the road sections RS3,
RS6 and RS7) exists between the source node 110 and the
destination node 120. People with ordinary skills in the art
should be able to understand that the transmission paths TP1-
TP3 are simply taken as examples, instead of limiting the
possible ways of implementing the present invention.

[0049] Therefore, in step S230, after receiving the route
request packet, the destination node 120 may send a route
reply packet to the source node 120 through the relay nodes
locating on the transmission paths.

[0050] During the process of the route reply packet being
relayed back to the source node 110, each of the relay nodes
relaying the route reply packet may perform some specific
operations to the route reply packet, such that when the source
node 110 receives the route reply packet, the source node 110
may intelligently switch the transmission paths used for
transmitting data packets. Detailed discussion would be pro-
vided hereafter.

[0051] Referring to FIG. 3, FIG. 3 is a schematic diagram
illustrating a map according to an exemplary embodiment of
the present invention. In the present embodiment, the map
300 may at least include a road section RS and blocks C1-C2.
Relay nodes RLa-RLe and RL4, .. ., RLn may be comprised
in a vehicular communication system 310, and each of the
arrows near the relay nodes RLa-RLe and RL4, . . ., RLn
represents the moving direction of its corresponding relay
node. The road section RS may include road slots X, Y, Z and
W, and the cover ranges of the road slots X, Y, Z and W may
be arbitrarily adjusted by the designer of the vehicular com-
munication system 310. Besides, the amount of the road slots
included in a road section could also be arbitrarily adjusted by
the designer of the vehicular communication system 310.
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[0052] Referring to F1G. 1to FIG. 3, it is assumed that each
of the relay nodes RLa-RLeand RL4i, .. ., RLn is locating on
the transmission path that the destination node 120 used to
transmit the route reply packet to the source node 110, and
each of the relay nodes that helps relay the route reply packet
back to the source node 110 (e.g., the relay nodes RLa, RLb,
..., RLn) could be roughly categorized as a first relay node
ora second relay node according toits location. The first relay
node may be the relay node that locates in a last road slot of
each ofthe road section, and the second relay node may be the
relay nod that is not in the last road slot of each of the road
sections. The last road slot may be the road slot that the route
reply packet lastly reaches in each of the road sections while
being relayed to the source node 110.

[0053] Taking FIG. 3 as an example, assuming that the
route reply packet currently reaches the road section RS and
is being sequentially relayed through the road slots W, Z, Y
and X, the road slot X may be regarded as the last road slot of
the road section RS. Under this situation, the relay node RLi
would be categorized as the first relay node since the relay
node RLi is currently locating in the road slot X (i.e., the last
road slot of the road section RS). Besides, since the relay
nodes RLj, RLk, RLm and RL1 are not in the last road slot
(i.e., the road slot X), the relay nodes RLj, RLk, RLm and
RL1 may be categorized as the second relay nodes. In some
embodiments, after the road slots of each of the road sections
are determined by the designer, each of the nodes of the
vehicular communication system 100 and 310 could corre-
spondingly determine whether it is categorized as the first
relay node or the second relay node according to its coordi-
nate retrieved from its GPS module, but the invention is not
limited thereto.

[0054] For brevity, the road section that the route reply
packet currently reaches may be regarded as a specific road
section, the relay nodes that currently locate in the specific
road section may be regarded as specific relay nodes, and the
road slots included in the specific road section may be
regarded as specific road slots. Taking FIG. 3 as an example
again, when the route reply packet currently reaches the road
section RS, the road section RS could be regarded as the
specific road section, the relay nodes RLi, RLj, RLk, RLm
and RL1 may be regarded as the specific relay nodes, and the
road slots X, Y, Z and W may be regarded as the specific road
slots.

[0055] Referring back to FIG. 2, in step S240, when a
second relay node receives the route reply packet, the second
relay node may update the route reply packet by appending its
neighbour table. Next, the second relay node may forward the
route reply packet. Taking FIG. 3 as an example, when the
relay node RLm receives the route reply packet, the relay
node RLm may update the route reply packet by appending its
neighbour table to theroute reply packet. The neighbour table
of the relay node RL.m may contain the coordinates, speeds
and moving directions of, for example, the relay nodes RLj,
RLkandRL1. Similarly, when the relay node RLj receives the
route reply packet, the relay node RLj may also update the
route reply packet by appending its neighbour table to the
route reply packet. The neighbour table of the relay node RIj
may contain the coordinates, speeds and moving directions
of, for example, the relay nodes RLi, RLm, RLk and RL1.
[0056] Referring back to FIG. 2, in step S250, when the first
relay node receives the route reply packet, the first relay node
may obtain moving traces of the specific relay nodes accord-
ing to the route reply packet. Specifically, the first relay node
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may obtain the moving traces of the specific relay nodes
according to the neighbour table corresponding to each of the
specific relay nodes. Since the neighbour tables contained in
the route reply packet may be regarded as recording the
coordinates, the moving directions and the speeds of the relay
nodes neighbouring to the first relay node (e.g., other relay
nodes included in the specific relay nodes), the first relay node
may accordingly predict the moving traces of the neighbour-
ing relay nodes. Besides, since the first relay has its own
neighbour table, which may contain the coordinates, speeds
and the moving directions of the relay nodes locating in other
road sections.

[0057] Taking FIG. 3 as an example, when the relay node
RLi (i.e., the first relay node) receives the route reply packet,
the relay node RLi could not only obtain (or predict) the
moving traces of, for example, the relay nodes RLj-RLn but
also the moving traces of, for example, the relay nodes RLa-
RLe, as long as the locations of the relay nodes RLa-RLe are
within the transmission range of the relay node RLi.

[0058] Referring back to FIG. 2, in step S260, the first relay
node may estimate at least one connection life period related
to a plurality of specific road slots according to the moving
traces. In detail, the first relay node may map the moving
traces of the specific relay nodes into a space-time planar
graph. An X-axis of the space-time planar graph may be a
time axis, and a Y-axis of the space-time planar graph may
correspond to the specific roads slots. Taking FIG. 3 as an
example, the relay node RLi may construct a space-time
planar graph as illustrated in FIG. 4.

[0059] Referring to FIG. 4, FIG. 4 is a schematic diagram
illustrating a space-time planar graph according to FIG. 3. In
the present embodiment, each of the arrows shown in a space-
time planar graph 400 constructed by the relay node RLi (i.e.,
the first relay node) represents a moving trace of a relay node.
For example, the arrow labeled by “i” represents the moving
trace of the relay node RLi, and the arrow labeled by “m”
represents the moving trace of the relay node RLm, and so on.
As exemplarily shown in FIG. 4, the Y-axis is divided into
several sections which respectively correspond to each of the
specificroad slots (i.e., theroad slot X, Y, Z and W). The slope
of each of the arrows represents the speed (i.e., the average
speed) of the corresponding relay node, and the pointing
direction of each of the arrows represents the moving direc-

tion of the corresponding relay node.

[0060] With the arrows shown in FIG. 4, the relay node RLi
may correspondingly estimate the staying intervals that the
specific relay nodes stay in each of the specific road slots. For
example, the staying intervals (i.e., the horizontal line sec-
tions) labeled as P(i, X), P(i, Y), P(i, Z) and P(i, W) respec-
tively represents the intervals that the relay node RLi stays in
the road slots X, Y, Z and W. For another example, the staying
intervals (i.e., the horizontal line sections) labeled as P(m, X),
P(m, Y), P(m, 7) and P(m, W) respectively represents the
intervals that the relay node RLm stays in the road slots X, Y,
7 and W. As mentioned in the previous embodiments, the
neighbour table of the relay node RLi could record the coor-
dinates, speeds and moving directions of the relay nodes
RLa-RLe, and hence the relay node RLi may correspondingly
map the moving traces of the relay nodes RLa-RLe on the
space-time planar graph 400.

[0061] From another point of view, if there exists any stay-
ing interval within a road slot, this means that there is a relay
node staying in the road slot during the staying intervals, and
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therefore this relay node could help relay packets. That is, the
connection life period of the road slot would exist during the
existing staying intervals.

[0062] Inthe present embodiment, the relay node RLi may
simply observe the activities of the specific relay nodes within
an observation interval (e.g., 5 seconds), which may be char-
acterized as a time duration between timing points t0 and tc.
The timing point t0 may be the timing point that the relay
node RLi (i.e., the first relay node) receives the route reply
packet. After the timing point tc, the source node 110 may
re-send the route request packet to find new transmission
paths to the destination node 120 since the transmission paths
may be invalid or disconnected as time goes by.

[0063] Afterwards, for each of the specific road slots (i.e.,
the road slots X, Y, Z and W), the relay node RLi (i.e., the first
relay node) may project the corresponding staying intervals to
the time axis to find the at least one connection life period
related to the specific road slots. Taking the road slot RO3 as
an example, the relay node RLi may project the staying inter-
vals corresponding to the road slot RO3 to the time axis of the
space-time planar graph 400. To be more specific, the relay
node RLi may project the staying intervals P(m, 7), P(k, 7),
PG, 7), P(, Z), P(a, Z), P(c, Z) and P(b, Z) to the time axis of
the space-time planar graph 400. Since the projection of the
staying intervals corresponding to the road slot RO3 has no
gap, the relay node RLi would know that there would always
be at least one relay node in the road slot RO3 that could help
relay packets during the observation interval, Therefore, the
connection life period related to the road slot RO3 would be
the whole observation interval.

[0064] Taking the road slot RO1 as another example, the
relay node RLi may project the staying intervals correspond-
ing to the road slot RO1 to the time axis of the space-time
planar graph 400. To be more specific, the relay node RLimay
project the staying intervals P(i, X), P(a, X), P(c, X), P(b, X),
P(1, X) and P(k, X) to the time axis of the space-time planar
graph 400. Since the projection of the staying intervals cor-
responding to the road slot RO1 has a gap (corresponding to
a space GP1 between the staying intervals P(i, X) and P(a,
X)), the relay node RLi would know that during the time
duration corresponding to the space GP1, there would not be
any relay nodes within the road slot RO1. Therefore, the
connection life period related to the road slot RO1 would be
the observation interval excluding the time duration corre-
sponding to the space GPI.

[0065] As for the road slot RO2, the relay node RLi may
project the staying intervals corresponding to the road slot
RO2to the time axis of the space-time planar graph 400. To be
more specific, the relay node RLi may project the staying
intervals P(j,Y), P(, Y), P(a, Y), P(k, Y), P(b,Y) and P(n, Y)
to the time axis of the space-time planar graph 400. Since the
projection of the staying intervals corresponding to the road
slot RO2 has a gap (corresponding to a space GP2 between the
staying intervals P(b, Y) and P(n, Y)), the relay node RLi
would know that during the time duration corresponding to
the space GP2, there would not be any relay nodes within the
road slotRO2. Therefore, the connection life period related to
the road slot RO2 would be the observation interval excluding
the time duration corresponding to the space GP2. Further-
more, the relay node RLi may also know the connection life
period related to the road slot RO4 according to the afore-
mentioned teachings, which would not be repeated herein.
[0066] Referring back to FIG. 2, in step S270, the relay
node RLi (i.e., the first relay node) may intersect the at least
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one connection life period to estimate at least one connection
available interval of the specific road section. The intersected
connection life periods may be represented by segments S11,
S12 and S13. The segments S11, S12 and S13 may be
regarded as the the observation interval simultaneously
excluding the time durations corresponding to the spaces GP1
and GP2.

[0067] Instep S280, the relay node RLi (i.e., the first relay
node) may append the at least one connection available inter-
val to the route reply packet and forward the route reply
packet. In some embodiments, before the relay node RLi (i.e.,
the first relay node) forward the route reply packet, the relay
node RLi may remove the neighbour tables, which corre-
spond to the specific relay nodes, originally contained in the
route reply packet. Next, the relay node RLi (i.e., the first
relay node) may only append its own neighbour table to the
route reply packet, and then forward the route reply packet.
As a result, the control overhead included in the route reply
packet could be significantly reduced.

[0068] Roughly speaking, for each road sections within a
particular transmission path, the corresponding first nodes
(i.e., the relay node locating in the last road slot of each of the
road sections contained in the particular transmission path)
may respectively performs the steps $250-S280, such that all
of the estimated connection available interval of the road
sections within the particular transmission path could be
included in the route reply packet.

[0069] Instep S290, after receiving the route reply packet,
the source node 110 may dynamically switch to the at least
one transmission path for transmitting data packets according
to the at least one connection available interval comprised in
the received route reply packet. In detail, the source node 110
may receive many route reply packets corresponding to dif-
ferent transmission paths, and each ofthe received route reply
packets may contain the estimated connection available inter-
vals of the road sections within the corresponding transmis-
sion path. Afterwards, for each of the route reply packets, the
source node 110 may intersect the corresponding connection
available intervals to estimate path connection life periods of
each of the transmission paths.

[0070] Referring to FIG. 5, FIG. 5 is a schematic diagram
illustrating the map and the estimated connection available
intervals of road sections according to FIG. 1. It is assumed
that one of the route requests received by the source node 110
is relayed through the transmission path TP2 (including the
road sections RS7, RS4 and RS1). Therefore, this route
request packet would contain the estimated connection avail-
able intervals of road sections RS7, RS4 and RS1. In the
present embodiment, the estimated connection available
intervals of the road sections RS7, RS4 and RS1 could be
represented by connection available intervals CEI1, CEI2 and
CEI3. The connection available intervals CEI1-CEI3 could
respectively correspond to the road sections RS7, RS4 and
RS1. With the connection available intervals CEI1-CEI3, the
source node 110 may intersect the connection available inter-
vals CEI1-CFEI3 to estimate path connection life periods P2
ofthe transmission path TP2. The path connection life periods
LP2 may be regarded as the periods that the transmission path
TP2 could be used to transmit data packets by the source node
110.

[0071] FIG. 6 is a schematic diagram illustrating the path
connection life periods of the transmission paths according to
FIG. 1. In the present embodiment, it is assumed that path
connection life periods LP1'-LP3" within the observation
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interval (i.e., the interval between timing points t0' and tc')
respectively corresponds to the transmission paths TP1-TP3
of FIG. 1. With the path connection life periods LP1'-LP3', the
source node 110 may accordingly switch among the trans-
mission paths TP1-TP3 to transmit data packets.

[0072] For example, the source node 110 would know that
the transmission path TP1 may be used to transmit data pack-
ets between the timing point t0' and the timing point t1'
according to the path connection life period LP1'. Hence, the
source node 110 may adopt the transmission path TP1 to
transmit data packets during the time duration between the
timing point t0' and the timing point t1'. Afterwards, the
source node 110 may know that the transmission path TP2
may be used to transmit data packets between the timing point
t1" and the timing point t2' according to the path connection
life period LP2'. Accordingly, the source node 110 may adopt
the transmission path TP2 to transmit data packets during the
time duration between the timing point t1' and the timing
point t2'. Next, the source node 110 may know that the trans-
mission path TP3 may be used to transmit data packets
between the timing point t2' and the timing point tc¢' according
to the path connection life period LP3'. Hence, the source
node 110 may adopt the transmission path TP3 to transmit
data packets during the time duration between the timing
point t2' and the timing point tc'.

[0073] In some embodiments, the destination node 120
may periodically send a route update packet for checking
whether the transmission paths are still valid. If the transmis-
sion paths are invalid (i.e., disconnected), the source node 110
may re-send the route request packet to the destination node
120 through the relay nodes for refreshing the transmission
paths. That is, when the transmission paths are invalid, the
source node 110 may re-send the route request packet to
re-discover transmission paths.

[0074] Since the proposed routing method could accurately
predict the path connection life period of each of the trans-
mission paths, the source node 110 could switch to another
transmission path before the current transmission path is
about to be disconnected, such that a low packet loss rate
could beachieved. In addition, since the source node 110 does
not need to frequently wait for the re-discovery of transmis-
sion paths, the average packet delivering delay may be cor-
respondingly reduced. From another point of view, since the
source node 110 does not need to frequently send the route
request packet, which could be regarded as control overhead,
the overall control overhead of the proposed routing method
1s significantly reduced. Moreover, since the proposed rout-
ing method could be considered as being designed with a
road-based principle, the proposed routing method could be
highly suited to be implemented in high mobility urban
VANETs.

[0075] In other embodiments, since the source node 110
and the destination node 120 may help to relay other nodes’
route request packet, the source node 110 and the destination
node 120 may perform the aforementioned relaying opera-
tions as taught in the previous embodiments, which would not
be repeated herein.

[0076] To sum up, the embodiments of the present inven-
tion provide a vehicular communication system and a routing
method thereof. By accurately predicting the path connection
life periods of the found transmission paths with the informa-
tion included in the route reply packet, the source node could
dynamically switch among the transmission paths without
encountering disconnected transmission paths. Therefore, the
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routing method could achieve a routing mechanism with low
packet loss rate, low packet delivering delay and low control
overhead. Moreover, since the proposed routing method is
designed with a road-based principle, the proposed routing
method could be highly suited to be implemented in high
mobility urban VANETSs.

[0077] It will be apparent to those skilled in the art that
various modifications and variations can be made to the struc-
ture of the invention without departing from the scope or spirit
of the invention. In view of the foregoing, it is intended that
the invention cover modifications and variations of this inven-
tion provided they fall within the scope of the following
claims and their equivalents.

What is claimed is:

1. A vehicular communication system, comprising:

a source node;

a plurality of relay nodes; and

a destination node,

wherein when the source node wants to communicate with

the destination node, the source node sends a route
request packet to find at least one transmission path to
the destination node, wherein each of the transmission
path comprises at least one road section, and each of the
road section comprises at least one road slot;

after receiving the route request packet, each of the relay

nodes relays the route request packet to the destination
node;

after receiving the route request packet, the destination

node sends a route reply packet to the source node
through the relay nodes locating on the at least one
transmission path;

wherein when a first relay node of the relay nodes, which

locates in a last road slot of each of the road section,

receives the route reply packet, the first relay node is

configured to:

obtain a plurality of moving traces of a plurality of
specific relay nodes according to the route reply
packet, wherein the specific relay nodes comprises
the relay nodes currently locating in a specific road
section, and the specific road section is the road sec-
tion that the route reply packet currently reaches;

estimate at least one connection life period related to a
plurality of specific road slots according to the mov-
ing traces, wherein the specific road slots are the road
slots within the specific road section;

estimate at least one connection available interval of the
specific road section according to the at least one
connection life period; and

append the at least one connection available interval to
the route reply packet and forward the route reply
packet,

wherein the last road slot is the road slot that the route
reply packet lastly reaches in each of the road section
while being relayed to the source node.

2. The vehicular communication system as claimed in
claim 1, wherein the route request packet comprises a source
field, a destination field, a packet sequence number and a road
section list, wherein the source field is related to the source
node, the destination field is related to the destination node,

wherein after receiving the route request packet, each of the

relay nodes is configured to:

determine whether the route request packet has been pre-

viously processed by checking the packet sequence
number in a route request table;



US 2015/0098329 Al

if yes, ignore the route request packet;
if no, record the packet sequence number in the route
request table and determine whether the road section
list comprises the road section that the route request
packet currently reaches;
if yes, geographically forward the route request
packet; and
if no, update the route request packet by appending
the road section that the route request packet cur-
rently reaches into the road section list and geo-
graphically forward the route request packet.

3. The vehicular communication system as claimed in
claim 1, wherein each of the relay nodes has a neighbour table
configured to record a coordinate, a speed and a moving
direction of neighbouring relay nodes,

wherein when a second relay node other than the first relay

node of the specific relay nodes receives the route reply
packet, the second relay node updates the route reply
packet by appending its neighbour table, and forwards
the route reply packet.

4. The vehicular communication system as claimed in
claim 3, wherein the first relay node obtain the moving traces
of the specific relay nodes according to the neighbour table
corresponding to each of the specific relay nodes.

5. The vehicular communication system as claimed in
claim 4, wherein the first relay node is further configured to:

remove the neighbour table, which corresponds to each of

the specific relay nodes, contained in the route reply
packet after estimating the at least one connection avail-
able interval of the specific road section; and

append the neighbour table of the first relay node to the

route reply packet.

6. The vehicular communication system as claimed in
claim 3, wherein each of the relay nodes periodically broad-
casts a hello message to the neighbouring relay nodes,
wherein the hello message comprises the coordinate, the
speed and the moving direction of the relay node that sends
the hello message, and the neighbouring relay nodes are the
relay nodes within a transmission range of the relay node that
sends the hello message,

wherein after receiving the hello message, each of the relay

nodes updates its neighbour table according to the
received hello message.

7. The vehicular communication system as claimed in
claim 1, wherein the first relay node maps the moving traces
of the specific relay nodes into a space-time planar graph,
wherein an X-axis of the space-time planar graph is a time
axis and a Y-axis of the space-time planar graph corresponds
to the specific road slots;

the first relay node estimates a plurality of staying intervals

that the specific relay nodes stays in each of the specific
road slots; and

for each of the specific road slots, the first relay node

projects the corresponding staying intervals to the time
axis to find the at least one connection life period related
to the specific road slots.

8. The vehicular communication system as claimed in
claim 7, wherein the first relay node intersects the at least one
connection life period to estimate at least one connection
available interval of the specific road section.

9. The vehicular communication system as claimed in
claim 1, wherein after receiving the route reply packet, the
source node dynamically switches to the at least one trans-
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mission path for transmitting data packets according to the at
least one connection available interval comprised in the
received route reply packet.

10. The vehicular communication system as claimed in
claim 1, wherein the destination node periodically sends a
route update packet for checking whether the at least one
transmission path is valid, and if the at least one transmission
path is invalid, the source node re-sends the route request
packet to the destination node through the relay nodes for
refreshing the at least one transmission path.

11. A routing method, adapted to a vehicular communica-
tion system that comprises a source node, a plurality of relay
nodes and a destination node, comprising:

when the source node wants to communicate with the

destination node, the source node sends a route request
packet to find at least one transmission path to the des-
tination node, wherein each of the transmission path
comprises at least one road section, and each ofthe road
section comprises at least one road slot;

after receiving the route request packet, each of the relay

nodes relays the route request packet to the destination
node;

after receiving the route request packet, the destination

node sends a route reply packet to the source node
through the relay nodes locating on the at least one
transmission path;

wherein when a first relay node of the relay nodes, which

locates in a last road slot of each of the road section,

receives the route reply packet, the first relay node is

configured to:

obtain a plurality of moving traces of a plurality of
specific relay nodes according to the route reply
packet, wherein the specific relay nodes comprises
the relay nodes currently locating in a specific road
section, and the specific road section is the road sec-
tion that the route reply packet currently reaches;

estimate at least one connection life period related to a
plurality of specific road slots according to the mov-
ing traces, wherein the specific road slots are the road
slots within the specific road section;

estimate at least one connection available interval of the
specific road section according to the at least one
connection life period; and

append the at least one connection available interval to
the route reply packet and forward the route reply
packet.

12. The routing method as claimed in claim 11, wherein the
route request packet comprises a source field, a destination
field, a packet sequence number and a road section list,
wherein the source field is related to the source node, the
destination field is related to the destination node, and the step
of each of the relay nodes relaying the route request packet to
the destination node comprising:

after receiving the route request packet, each of the relay

nodes is configured to:

determine whether the route request packet has been pre-

viously processed by checking the packet sequence
number in a route request table;
if yes, ignore the route request packet;

if no, record the packet sequence number in the route
request table and determine whether the road section
list comprises the road section that the route request
packet currently reaches;
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if yes, geographically forward the route request
packet; and

if no, update the route request packet by appending
the road section that the route request packet cur-
rently reaches into the road section list and geo-
graphically forward the route request packet.

13. The routing method as claimed in claim 11, wherein
each of the relay nodes has a neighbour table configured to
record a coordinate, a speed and a moving direction of neigh-
bouring relay nodes, and the step of each of the relay nodes
relaying the route request packet to the destination node com-
prising:

when a second relay node other than the first relay node of

the specific relay nodes receives the route reply packet,
the second relay node updates the route reply packet by
appending its neighbour table, and forwards the route
reply packet.

14. The routing method as claimed in claim 13, wherein the
step of obtaining the moving traces of the specific relay nodes
according to the route reply packet comprising:

the first relay node obtains the moving traces of the specific

relay nodes according to the neighbour table corre-
sponding to each of the specific relay nodes.

15. The routing method as claimed in claim 14, wherein
after the step of the first relay node estimating the at least one
connection available interval of the specific road section
according to the at least one connection life period, further
comprising:

the first relay node removes the neighbour table, which

corresponds to each of the specific relay nodes, con-
tained in the route reply packet after estimating the at
least one connection available interval of the specific
road section; and

the first relay node appends the neighbour table of the first

relay node to the route reply packet.

16. The routing method as claimed in claim 13, further
comprising:

each of the relay nodes periodically broadcasting a hello

message to the neighbouring relay nodes, wherein the
hello message comprises the coordinate, the speed and
the moving direction of the relay node that sends the
hello message, and the neighbouring relay nodes are the
relay nodes within a transmission range of the relay node
that sends the hello message,
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wherein after receiving the hello message, each of the relay
nodes updates its neighbour table according to the
received hello message.

17. The routing method as claimed in claim 11, wherein the
step of the first relay node estimating the at least one connec-
tion life period related to the specific road slots according to
the moving traces comprising:

the first relay node maps the moving traces of the specific

relay nodes into a space-time planar graph, wherein an
X-axis of the space-time planar graph is a time axis and
a Y-axis of the space-time planar graph corresponds to
the specific road slots;

the first relay node estimates a plurality of staying intervals

that the specific relay nodes stays in each of the specific
road slots; and

for each of the specific road slots, the first relay node

projects the corresponding staying intervals to the time
axis to find the at least one connection life period related
to the specific road slots.

18. The routing method as claimed in claim 17, wherein the
step of the first relay node estimating the at least one connec-
tion available interval of the specific road section according to
the at least one connection life period comprising:

the first relay node intersects the at least one connection life

period to estimate at least one connection available inter-
val of the specific road section.

19. The routing method as claimed in claim 11, wherein
after the step of the destination node sending the route reply
packet to the source node through the relay nodes locating on
the at least one transmission path, further comprising:

after receiving the route reply packet, the source node

dynamically switches to the at least one transmission
path for transmitting data packets according to the at
least one connection available interval comprised in the
received route reply packet.

20. The routing method as claimed in claim 1, further
comprising:

the destination node periodically sending a route update

packet for checking whether the at least one transmis-
sion pathis valid, and if the at least one transmission path
is invalid, the source node re-sends the route request
packet to the destination node through the relay nodes
for refreshing the at least one transmission path.
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