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Abstract—Most of the existing DTN routing algorithms have the efficiency of the total network. The movement of the
been studied in the simulation environment. They are not suffi- node has some regular patters often. Then transform bundles

ciently used to the historical location and historical neighbor’s ; o these reaular patters which are analvzed via
information. So AAaS(Area Approaching and Spray-and-Wait) acgorc’llng t t g R{ in diff i i y .

routing algorithm is proposed, which considers the practicability "N0G€S'S movement and meet In diierent ume slices using
of the a|g0rithm and the rules of the node’s movement and the node’s GPS InfOI’matIOI’l, historical ne|ghb0rs information

the law of the meeting. AAaS divides the map into areas by and the region information, and avoid transforming data to
the administrative area, public places and areas the DTN nodes these nodes who can’t reach the destination for example to
clustered with historical GPS position. Each area maintenance transform the bundle who's lifetime is several minutes to the
the frequency vectors of different time scales and the frequency _ . . A
vectors of the historical encountered neighbor. AAaS forwards ne|ghbqr who will need Severql hours to reach the destination.
the bundles by these frequency vectors in the bundle lifetime, In the first stage, AAaS solution make the data close to the
select the appropriate next hop, more efficient use of the limited destination node. The node determines whether the bundle
bandwidth of encountered nodes in DTN network. Finally, the can be transmitted to the neighbor node and whether to save
prototype of AAaS routing algorithm is implemented in Android  {ha pundle’s copies by comparing its own and the neighbor’s
based on Bytewalla. The experimental results prove that, even in - L

the case of the buffer is not limited, the AAasS is more efficient probabilities to rea_ch the destlnatlpn. In the second Stage, use
than Epidemic in the use of the limited bandwidth between the Spray-and-Wait method to delivery data to the destination
encountered nodes. node as soon as possible. In addition, the transmission of data
packets between nodes must be transmitted in accordance with
the priority order.

Another problem is the lack of algorithm in the actual
system. Most of the existing routing algorithms only be
realized on the simulation environment without the experience

Delay-, Disruption-, and Disconnection Tolerant Networksf running on the real system. To realize and run a routing
(DTN) [1] is a kind of network which is with changeful algorithm will meets problems such as how to obtain and
topology, lack of connectivity from source to destinatioranalyze the useful information, cache management and the
using save-carry-forward strategy to transform informatioeffects of devices’s performance. At present, some of the DTN
The bandwidth between encountered nodes is limited. So fw@gram’s examples such as DTN2 [2] and Bytewalla [3]
key problem is that when to transform data to a neighbor nodee followed by the DTN [4] implementation and integrated
and to save or not to save the copies of data. The existinith the epidemic routing algorithm. DTN2 is based on the
solutions are often implemented on the simulator. Such Bux system and using C language to achieve the program.
the solution which chooses to use a lot of copies, and tBgtewalla is an Android application using Java. At present,
solution which will make the decision based on the nodefndroid devices are already very popular so that we can get
historical experience such as the probability to meet anoththe GPS information, the region information conveniently and
node, the geographical positions, the speed of the node andstwe rich resources. So, the AAaS was implemented based on
social behaviors, as well as the mixed solution which will usBytewalla.
both the advantages of the two above. The paper puts forward’he content of this paper is organized as follows. The
the AAaS solution to improve the routing in DTN accordingecond part compares the existing routing algorithms with the
to the existing solutions and the bundle’s life changes. TgAaS algorithm. The third part introduces the AAaS routing
AAaS solution’s most important contribution is the two pointalgorithm in detail. The fourth part describes the experiment’s
below. First, node will choose different next-hops for differergrocess. The fifth part is the conclusion of this paper.
lifetime’s bundles using the mixed routing solution in order
to improve the usage of encountered bandwidth. Second,this
paper implement it in Android based on Bytewalla.

In the DTN network, nodes transform data when they meet.Since the DTN network has been proposed, the existing
The utilization of bandwidth when the nodes meet affectsuting algorithms usually take the following methods to

Index Terms—Delay tolerant networks, Routing, GPS Position.

I. INTRODUCTION

Il. RELATED WORK
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improve the delivery rate of data packets, reduce the delBy Using hybrid information

and control expenses. Many routing methods combined several algorithms, such as

GeoSpray [11], AaR [12]. GeoSpray [11] combined the Spray-
A. Using multi copies of data packets _and-Waifc method with analyzing the geographical Iocat_ion
) ) ] ) information, so that the Spray process is more effective.
Using multi copies of data packets get the highest rate gbg [12] algorithm is divided into two parts: Approaching
delivery in ideal circumstances such Epidemic [5] algorithiyng Roam. In the Approaching stage, search the suitable node
which transmits data packets with flooding method. Using.qrging to the location information and velocity information.
multi copies of data packets can obtain the .hlghest delively the Roam stage, use multi copy method to improve the
rate and the lowest delay when the bandwidth, buffer, agljery ratio. AaR has a great inspiration to the AAaS
computing resources are n_ot limited. In the practlcz_al SySteﬁlgorithm of this paper, AAaS is also divided into two stages:
the resources are very I|m|te_d, so the AAaS algorithm USRS proaching Area and Spray-and-Wait. The improvement
the Spray-and-Wait [6] algorithm to control the number oft aaas lies in the following points: a) According to the
copies. Spray-and-Wait [6] .a}lgorlthm sets the upper limit ofyministrative area, public places, node clustering data and
the amount. of copies. And it's routing process is divided intQjerarchical, forming a tree of regional division structure. Each
two stages: Spray and Wait. Execute Fhe Spray phase WheBion reflects the social attributes of the carriers, and the
the bundle’s amount is more than one: copy half amount f‘ggional level reflects the node’s ability of movement. The
the bundles to the neighbor and.set the amount of !ts OWRTving law is expressed by the frequency of the various
bundles to half amount. In the Wait phase, the bundle is carriggyions, This can reflect the movement of the nodes in different
to the destination node at last. The AAaS uses Spray-and-Wafkions at a low price. b) The source node only needs to know
as a routing method in the later stage, which can significanflye |ocation of the destination node and need not to know
improve the delivery ratio of bundle to the target node. 1o gccurate GPS information. c) Analyzing the data of the
motion law and the data of the historical neighbors makes the
B. Using historical encountered information algorithm compatible for the bundles with different survival

. ) ) ) . periods.
The use of historical meet information with neighbor n-

odes is also an effective information to estimate the future
probability of encounter. The PROPHET [7] algorithm uses
the historical neighbor information to calculate and maintai. architecture

the probability data of meet with neighbor, and the probability oags algorithm (in Figure 1) is mainly composed of three
data can be transmitted through the neighbors. Sending packgigs: routing algorithm module, area management module
to the next hop with higher probability of encountering. Thigng neighbor management module. The routing algorithm
method is feasible in real system, and the simulation resulidule decides whether to transmit the bundle and delete
are also good. Because of the bundle’s lifetimes are differeffe |ocal copy if it encounters a neighbor node. The region
so evaluating the probability of meet with neighbor shoulghanagement module detects the information of the current
consider the time factor. The AAaS maintains the probabilipagion and analyze the regular patterns of the nodes's motion
of encounter information in different time periods and usingetween different regions. The neighbor management module
different time scales to avoid the data packets been sent to #ilyzes the regular pattern when encountering with historical
neighbor which can't send the data in the effective time. pejghbors and analyzes the regular pattern of neighbors.

IlIl. DESIGN

C. Using GPS position and related information B. routing

Using node’s location information and speed information to AAasS routing process is divided into two phases: the Area
predict the next movement and the location of nodes, suchAggproaching phase and the Spray-and-Wait phase. When the
GeoDTN [8], MOVE [9], MAPD [10]. Position information node is not in the area where the destination node is in (called
and speed information can accurately predict the future thfe destination area), choose the node which can arrive in
a node in a short period of time. If the network nodes atbe destination area as the next hop in the bundle’s lifetime
stationary, the current position can be predicted in the futuand decide whether to keep the copies considering the regular
If the node is moving at a constant speed, the velocity caattern of the history of the neighbors . When a node is in the
be predicted in the future as well. But in the DTN scenalestination area, the Spray-and-Wait policy is used to deliver
the node’s movement is complex, and short time predictiontise data to the destination.
often the local optimal solution rather than the global optimal 1) area approaching phase: In this stage, transmit the
solution. In order to solve the problem of bundle’s differencefata to the node who can arrive in the destination area in
in survival periods, AAaS divides the map into regions, anoundle’s survival period. Consider from the following two
analyze the moving regular patterns of nodes in different tinaspects:whether to transmit bundles to neighbor, whether to
scales according to the historical GPS position informatiostore the copies. Nodes exchange the regular motion pattern
Then Use these regulars to choose the right carrier as the rigfdrmation of it's own with each other when they meet.
hop. According to the bundle’s survival period and the moving
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Beijing, Haidian District, Beijing Institute of Technology. Cut
the time into different areas by different time interval: by the
hour, by week, by month. The nodes maintain the frequency
gata in each region in different time periods.

law of both sides to calculate the opportunity value of th The f  the th - les | intained
two sides to reach the destination area (the paper will explain! '€ fréquency vector of the three time scales Is maintaine
the AAaS: the hour, the week, the month (as shown in

the calculation and compare process later). If the opportun'i 2 If a defined acti tati iod. th
value is greater than the threshold, regard as reachable. %Hure )- If a defined action occurs at a fime period, the

Fig. 1: the architecture.

regions forms a tree structure, compare the current node afg4€"eY vec(’;(_)r of the tlrr_]ed,adfds L. And at the sam%;Te,
the neighbor which is closer to the destination node (called t corresponding time perio s Irequency veqtor cana at
ost. Time frequency vector will decay with time.

destination area). When a neighbor is closer to the destinatidl ) . .
The frequency vector of nodes on different regions in

the packet is forwarded. If there is a historical neighbor nod : ) .

whose opportunity to the region is higher than the prese q‘feren_t time scales can rgfl(_act the node’s _m_otlon_ pattern.

node, keep the copies. When nodes meet, save or update %qrdlng to the characteristics Of. the r—:ld_mmlstratlve area,

neighbor node’s motion pattern data. According to the si lic places aqd node aggregation, divide .the map into
erent sub regions, then aggregate the regions to form a

of the cache space, delete the motion pattern data of on t Th t node of the tree is the whol
nodes rarely meet. After forwarding the bundle to the neighb(IS?,g'on ree. the root node or the tree Is the whole map.

calculate the chance to reach the target area of the nodes thoéaé node will maintain its frequency vectors data in different

can meet in the future via the relative information of historicdf9'°"s those can be arr!ved, and mamtam_ the frequency
meeting neighbors. vectors data of different time scales according to the size

2) spray-and-wait phase: When a node is in the target areag)r:gmtglee I;v:ltoc;f rter:;o;igr:?:;i?]tz?izdalﬁht(iemzo:ceafesgt:‘\r/géh(;:r?cry
use the Spray-and-Wait [6] way to improve the probability o ggtors, including the month scale, the week scale, and the

data been delivered to the destination. Once the node is ouf R . L
Qur scale; the most bottom region is only required to maintain

the target area, it does not send data until entered the tafgg frequency vectors of the hour time scale. The configuration
area again or the packet's time is out. The Spray—and-\/\/gi' quency L , ' 9
1le specifies that which time scale’s frequency vector should

is a kind of flooding forwards method with limited numbetb
of copies. Suppose the number of copies of the bundle i In the use of the motion pattern data, generate the effective

L. When L is more than 1, the amount of copies’s L/2 will. ; . )
X . ._lime vectors at different time scales based on the bundle’s
be transmitted to the neighbor, and the local bundle copies’s . ! L . .
rvival period. When a bundle is in the survival period,

amount is set to L/2; when L=1, the node carries the dat?# . . o . X
. . s e time vector is 1, otherwise it is 0. Effective time vector
packets until encounter with the destination node.

multiplied by the frequency vector can obtain the motion
pattern data in the survival period of the bundle.

g maintained considering the level of the regions.

C. area management module

The nodes’s motion patterns are important data to calcul&e Neighbor management module

the opportunity of the neighbor to reach the target area in theThe node maintains the frequency vectors in all the different
effective time. Analyzing the motion pattern needs to considéme scales for each historical neighbor. The related frequency
the different levels of bundle, the accuracy, the accuraggctors add 1 when the node meets a neighbor. Every time after
of the cache, and the computational cost. According to tlaeperiod of time, the frequency vector attenuates according to
administrative area, public places, the degree of aggregataifactor number. When the nodes meet each other, exchange
of nodes, cut the map into different regions, then classify tleach other's motion pattern data and keep it. If there is already
regions into serval levels as a tree structure, such as: Chitieg data, update it.
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To store the rule data of encountering with the historical
neighbor and the rules of the neighbor's movement data has L
cache limit. Assuming that the amount of neighbor’s motion - T s sensor Track File
pattern data is M, and the upper limit amount of itis N, usually
N is 3 to 2 times of M.Both the data of encountering with the iL
historical neighbor and neighbor’'s motion pattern are sorted P,
by the values of the frequency vectors . When the amount of Request
data in cache reaches the maximum, replace the old data with N ey

the |ateSt Distance Table
¥
Capture Discard
Packet Packet

GPS Interface

E. Chance value compute

The chance value as follows is divided into two types. TT iL

1) current neighbor’s chance value: The current neighbor’s
chance value evaluate the probability of that neighbor reach Network Layer
the destination area. The lifetime of bundle is split into vectors
in different level by the above mentioned method. These
vectors are valid time vectors which is composed by O or
1. A component of time vector mean this time segment is

valid if it's value is 1. We denote i as a time level, x as the
weight of current time level, a as valid time vector, b as the
terminal area’s frequency vector. Then the chance value of

current neighbor reaching a area chance value C is calculated

Fig. 3: the network layer simulator.

as Equationl. Fig. 4: the environment of experiment 1.
C = (ai X bt) (1)
2) History neighbor’s chance value: The probability of en- —4—AAaS

countering history neighbor and history neighbor area moving
regular pattern will be all considered during AAaS compute
the history neighbor’s chance value. We denote i as the current
time level, S as the threshold, | as the encounter frequency
vector, a as the valid time vector, b as the frequency vector
of the historical neighbor’s terminal area. So the history

125

o
S
T

Bandwidth (KB/s)
N
>
Y
N\

neighbor’s chance value of a area C is calculated as Equation2. | \/
MIN(Si,ai X ll) 25 \
C = X a; X bz 2 \
> (A wxn) @ ,
0 10 . 20 . 30 . 40 . 50 . 60
IV. EXPERIMENT Time (s)

In order to evaluate the effect of the route algorithm in the
actual system, this paper chooses the contrast experiment with Fig. 5: the Data flow between two nodes.
epidemic. Epidemic is a traditional DTN routing algorithm

with Bytewalla. The design of experiment is as follows:
neighbor,and recompute the distance regularly. The data source

A Experimental environment in the GPS interface contains the GPS sensor and the track file.
- PP When network simulator is running, GPS position is provided

Experimental equipment is the Intel mobile phone withom the track file, so that the GPS information of all the nodes
Android system. In order to facilitate the experiment in regh the network can be obtained.

system, we add a simulator to control the connectivity of

nodes by distance in network layer. As shown in Figure 3, .

the simulator capture the network packet and get the distarfeEXPeriment scheme

from each other through the neighbor distance table. If thel) Transmission speedtest: when the two DTN nodes meet,
distance is greater than the threshold in the configuration fitest the speed of epidemic and AAaS routing algorithm by
then the packet is discarded. If neighbor where the paclesinding bundles.This is the basic performance test of the
come from is not in the neighbor distance table, compute theotocol. Topological structure as shown in Figure 4.
distance and update neighbor distance table with neighbor'sThis experiment tests the speed of the AAaS and epidemic
GPS location from the GPS interface. The neighbor distanmauting algorithm to transmit data packets in a limited time
table maintains the distance between this node and historibatween nodes. Through the Figure 5 and Figure 6, the

ISBN 978-89-968650-7-0 517 Jan. 31~ Feb. 3, 2016 ICACT2016



200 77 Epidemic 150000 - PE—

130000 |-
120000 |-
1504 \ 110000 |-
. ’g 100000 |-
2 £ 90000 [
§ T 80000
e 100 8 70000 F
‘; E 60000
8 = 50000 [
= \ \ S 0000 F
/‘ \\ 30000 [
/ /\ 20000 [
AN -

////% 10002 " 1 " 1 " 1 " 1 " 1 " 1 " ]

60 70 05 1.0 15 20 25 3.0 35

Payloads (MB)

Fig. 8: the delivery delay of experiment 2.
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Fig. 7: the environment of experiment 2 and 3. Fig. 9: the delivery rate of experiment 2.

transmission speed of AAaS and epidemic in the limited tinfgcorded. Each number of experiment repeat 5 times, taking
of encountered node is close to each other.The total amotlit average as the final data.
of transmission data is close too. Therefore, it is concludedIn the Figure 8 and Figure 9, the average delay of the bundle
that the bandwidth between encountered nodes of epidemiyload that can be successfully delivered of epidemic is the
is almost the same as AAaS’s. How to utilize the limite8ame as that of AAaS. The delivery rate of the two is very
bandwidth resources in the time of the meeting will have similar, almost in the 2.4M of the data (8 bundle) began to
direct impact on the effectiveness of the routing algorithm. appear the decline in delivery rate. This also shows that during
2) The source node sends bundles to one destination node;  the encountered time routing algorithm can only guarantee
In the scene as shown in Figure 7, the node A is moving arouth@ transmission of the 7 bundle, once the total data volume
in the four sub area of area 1.1, while node B is moving arouf@@ached 2.4M of the payloads to be forwarded to the neighbor,
in area 1.1.2, area 1.2.1 and area 1.2.2. Node C is static in ithean not guarantee full delivery, no matter it is epidemic
area 1.2.2. The period of Node A is Ta, and period of nod®d AAaS. With the increase of the bundle payloads need
B is Th.We assume that A has know the node C's curret@t transmitted, the delivery rate continues to fall. When the
area information, bundle’s lifetime range from MAX(Ta,Tbysource node is sent to one destination node only, the AAaS
to 2MAX(Ta,Tb). The delivery rate and delivery delay will beand epidemic performance effects are the same.
test when node A is required to transmit bundles to node C3) The source node transmits bundles to two destination
using routing algorithm of epidemic and AAaS, respectivelynodes. A static node D is added in the region 1.1.4 in the
In this experiment, the node A only sends bundles to @bove scenario. Assumption that node A knows the current
Transmission data union is bundle in DTN.We set a bundtegion information of C.We test the delivery rate and delivery
payload size of 300K. When node A sends a different numbeéelay of epidemic and AAaS respectively, when A sends
of bundle to C, the delivery rate and delay of these bundle dvendles to C and carries the bundles sent by other node to
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V. CONCLUSION
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In this paper, we propose and implement a new routing
algorithm: AAaS. AAaS analysis of the node’s motion pattern
and the rules of encountering with neighbors, combining
with the map information to analyze and maintenance the
regular patterns data in different time scales. Make the routing
decision considering these rules and the data packet'’s lifetime,
so as to use the bandwidth resources efficiently in DTN
network. In addition, the AAaS is implemented on the basis of
Bytewalla in real system. And the AAaS algorithm is better
than the traditional Bytewalla algorithm in the case of the
resource of nodes is limited. At the same time, the Epidemic
routing algorithm’s delivery rate is the highest and time delay
is the least in the simulation experiment when the cache’s
storage space is not limited. But in real system during to the
time and bandwidth limits, Epidemic routing algorithm can’t
achieve the optimal effect. Fortunately, the AAaS algorithm
can be more efficiently when using the node’s motion pattern
data and the bandwidth resource of the network in actual
scenes.

In the future work, a set of algorithms for dividing the
most underlying regions in the actual is needed. Because
the node’s frequent gathering places at the most bottom area
need to be identified. This not only should combine with the
facilities and location information in the map, but also need
to analyze the information by a machine learning method. In
addition, optimizing the management of the motion pattern
data stored in the node will be good as well. And the AAas
routing algorithm can be also implemented in the simulator
environment, and compares with other routing algorithms.
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