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Abstract—Urban public transport networks are special types of 
Delay Tolerant Networks (DTNs) which consist of buses and 
other forms of transport. It is hard to establish an end-to-end 
link and maintain a stable network topology in this kind of 
networks. However, unlike other DTNs, the bus’s mobility in 
public transport networks is regular, which means the bus’s 
line is determined. Thus, traditional routing protocols are no 
longer fit. In this paper, we search and analyze many real 
scenarios and present the Bus Line-based Routing (BLR), and 
our BLR is based on the minimum distance between bus lines. 
We simulate the performance of BLR in ONE simulator, and 
the result shows that our routing protocol has better 
performance than traditional routing algorithms in urban 
scenarios. 

Keywords- DTNs; public transport system; routing protocol; 
ONE. 

I.  INTRODUCTION  
DTNs are a kind of challenged networks, which is 

proposed by Kevin Fall [1]. DTNs use "store-carry-forward" 
routing mechanism for transferring messages. DTNs don’t 
have complete end-to-end links and stable network topology, 
and this kind of networks has these characteristics, such as 
intermittent connection, high-latency and high error rate. 
DTNs are mainly used in where communications 
infrastructure is lacked, the density of nodes is sparse and 
nodes have irregular movements. DTNs can be applied in 
many fields. Wildlife tracking system [2] collected and 
monitored the information about white-tailed deer and other 
animals through the sensor nodes. ZebraNet [3] was designed 
by Princeton University and used to track the African 
grasslands zebra migration. Massachusetts Institute of 
Technology developed CarTel [4], which is an information 
collection and dissemination system that based on vehicle 
sensor. This system can be used for environmental 
monitoring, traffic reports, route navigation and accident 
warning. DakNet [5] provided a very low cost of digital 
communication and helped the villagers who live far apart to 
exchange information, which had been deployed in remote 
areas of India and Cambodia. 

There are some classic routing algorithms in DTNs, such 
as Direct Delivery Routing, Epidemic Routing, Prophet 
Routing, Spray and Wait Routing [6-10]. These algorithms are 
mainly based on flooding or node history information, their 

design principles are relatively simple. But the efficiency of 
these algorithms is low and the applicable scope is limited. 
For example, Epidemic Routing [7] forwards messages 
through flooding, and this can consume large amounts of 
network resources, such as buffer, bandwidth and battery 
energy. In Spray and Wait Routing [9], a node sprays a 
number of copies into the network, and then waits till one of 
these nodes meets the destination. This way can reduce 
copies and resource consumption. Prophet Routing [8] can 
successfully deliver a message by exploring its history 
information. It only replicates a message if the delivery 
probability exceeds a threshold when transferring messages. 
Prophet can reduce the copies and increase the transmission 
success rate. 

An emerging field for development of DTNs is urban 
public transport network. Buses, light rail vehicles, subways 
and other forms of transport have already covered every area 
of the city. We can thus use this kind of networks to route 
information and provide a specific service, for example, 
weather forecasting, traffic information sharing, and 
advertisement service.  

In this paper, we study the construction of a DTN on the 
public transport network, because the buses move regularly, 
and they have a fixed route for traveling. According to these 
characteristics, we present BLR (Bus Line-based Routing) 
and carry out a simulation. Experimental results show that 
BLR is superior to the traditional algorithm in terms of the 
delivery rate, delay time and copies. 

We first mainly present some previous works related 
with routing protocols (section Ⅱ ), we then establish a 
network model and introduce our new algorithm (section Ⅲ). 
After that, we test and comment the performances (section 
Ⅳ).  

II. STATE OF THE ART 
In public transport networks, the idea of forwarding 

messages, based on bus lines and minimum distance, is used 
to increase the delivery rate, reduce message latency and 
copies. In this section, we briefly describe some existing 
routing algorithms and the way they work. 

A. Link state-based routing protocol 
Optimized Link State Routing Protocol (OLSR) [11] is a 

link-state protocol. Nodes periodically exchange topology 
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information with each other in the network. This protocol 
uses multipoint relays (MPRs) [12] to control the number of 
messages.  Delay Tolerant Link State Routing (DTLSR) [17] 
references the OSPF [18] and minimizing the estimated 
expected delay (MEED) [19], makes forwarding decisions 
based on link state. But all of the above are simple and not 
suitable for the severe changes in network. 

B. Position-based routing protocol 
Greedy Perimeter Stateless Routing (GPSR) [13], which is 

an earlier methods in geographic routing. GPSR uses two 
data forwarding schemes: greedy forwarding and perimeter 
forwarding. The former is the primary forwarding strategy, 
while the latter is used in regions where the primary one fails. 
In greedy forwarding, when a node receives a packet with 
the destination’s location, it chooses the next node from its 
neighbors which is geographically closest to the destination, 
and then forwards the packet to it. When a node whose 
neighbors are all farther away from the destination than itself, 
perimeter forwarding is performed. In Greedy Perimeter 
Coordinator Routing (GPCR) [14], the current node looks for 
coordinators in an intersection, and as far as possible to 
forward messages to them, this will reduce the copies in the 
network. VANET Cross Link Corrected Routing (VCLCR) 
[15] is composed of greedy forwarding and perimeter 
forwarding as well, but the packet records edges and 
intersections which it can pass or not. The node can choose 
the next hop more accurately with the information stored in 
the packet. GeoDTN+Nav [16] is a hybrid routing algorithm 
and has three forwarding modes: greedy mode, perimeter 
mode and DTN mode. According to the network state, nodes 
switch modes, and then make forwarding decisions. These 
routing algorithms contain flooding strategy and have several 
disadvantages. For instance, if there is no coordinator exists 
in an intersection, GPCR shows a poor performance. 
VCLCR need packets to record edges and intersections, 
which is very complicated and needs additional network 
resources.  

 
Figure 1.  Bus lines graph example 

C. Routing protocol applied in bus network 
Urban public transport network is a typical representative 

of DTNs [20-22]. In this kind of network, many routing 
protocols were presented. MaxProp Routing [23] forward 
messages to other nodes in a special order that takes into 
account message hop counts and message delivery 
probabilities based on previous encounters. But it is a generic 
algorithm for public transport network. Bus Line-based 

Effective Routing (BLER) [24] uses the route contact oracle to 
find a shortest path among bus lines. In Fig. 1, a path from 
bus line 1 to bus line 5 goes through bus line 8 and 7, 
because a total duration of the contacts on this path is longer 
than others, hence the probability of having meetings is 
higher and the effect is better. Although this algorithm can 
ensure the message to be forwarded successfully, in the real 
world, the time of connection between vehicles is always 
changing, and should not forward messages entirely based on 
the connection time. 

III. ALGORITHM DESIGN 

A. Simulation scenarios 
We set up the simulation scenario with buses, light rail 

vehicles and Access points (APs). Each bus line or light rail 
line has a certain number of stops, and the APs only exist in 
each commercial center. We regard the buses or light rail 
vehicles moving on the same road as one group. Moreover, if 
a bus or light rail vehicle passes a commercial center, then it 
and the AP also belong to the same group, we assign ID 
numbers for them. This ID number includes group number 
and individual number. Each bus or light rail vehicle stores 
geographic information of all stations, and our routing 
strategy is based on that. AP receives service information 
from buses or light rail vehicles, and then broadcast them for 
people in the commercial centers. In order to make 
simulation scenario to be more close to the real world, we 
then set up the second one, where we use the crowd nodes to 
instead of APs.  The performance of our routing protocol in 
these simulation scenarios will be commented in section Ⅳ. 

In the real world, commercial center is a place with 
convenient transportations, and there must be many stations 
of buses or light rail vehicles. Therefore, the simulation 
scenarios we designed are reasonable and close to the reality. 
We mainly study how to broadcast public service 
information among commercial centers through public 
transport networks. Our proposed mechanism is based on the 
idea of finding a shortest path between two bus lines instead 
of finding a shortest path between two buses [24]. Then we 
simplify the method for acquiring the route information of 
buses or light rail vehicles and change the method of 
choosing the shortest path, all these can improve routing 
efficient.  

The specific improvement as follows: 
1. Bus lines and light rail lines are fixed and have 

numerous stations. We use coordinates of the stations to 
represent a bus line or light rail line, we can’t acquire the 
route exactly, but we can acquire the positions where buses 
or light rail vehicles must pass and stop. Most buses run on 
the main road, therefore, using coordinates of the stations to 
replace a bus line or a light rail line is reasonable, and 
simplify the previous method that using GPS to get path 
information. 

2. We design a data table to store the minimum distance 
between current position and the target line, replace the route 
contact oracle what is used for storing the total duration of 
the contacts among buses. Routing protocol forwards 
messages based on the data table, then it can avoid an 
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inaccurate condition that traffic jams lead to increase the 
contact time among buses. 

B. The BLR algorithm 
According to the characteristics of urban public transport 

networks, we propose Bus Line-based Routing (BLR), show 
in Fig. 2 and Fig. 3. The following notations are used in our 
algorithm: 

• Msg: a message. 
• Dis: the minimum distance between current location 

and one station of target line. 
• Sta: a station of target bus line or light rail line. 
• MsgDstNumber: the group number of message’s 

destination. 
• Con: a connection between two nodes. 
• Loc: current position. 
 

 
Figure 2.  The contact procedure of BLR 

 

Figure 3.  The routing procedure of BLR 

In our algorithm, each node stores all the station 
information, and we use the minimum distance between the 
current position and one station of the target line to replace 
the minimum distance between lines. During the initial phase, 
nodes acquire the group number of each message’s 
destination to calculate the minimum distance, and then the 
nodes update their data tables. During the transmission phase, 
if the other side is sending messages, then disconnect the 
connection and to find the next node. If both sides have a 

same message, the message will not be pushed into the 
transit queue. If the other node does not have a message, 
moreover, the other node is closer to the target line, then 
pushes the message into the transit queue, forwards the 
message to it. 

C. The CCBLR algorithm 
BLR can take full advantage of public transport networks 

to forward messages, and make full use of the idea that the 
minimum distance between bus lines. We also use location 
information of scattered stations to replace a specific route, 
and then make it simple to calculate the minimum distance 
between lines. But if a message reach the target node's group, 
when two nodes which are in the same group encounter each 
other and will also forward a copy of the message to the 
other node, this will lead to increase the number of copies. In 
order to further reduce the copies and overhead, we only 
improve the part of routing procedure and propose Copy 
Constrained Bus Line-based Routing (CCBLR). The part of 
CCBLR’s routing procedure shows in Fig. 4. 

 

 
Figure 4.  The routing procedure of CCBLR 

The improved routing protocol provides that when 
communication connection is established, the nodes check 
that whether they have a same group number or not. If the 
nodes and the message’s destination have a same group 
number, then forward the messages based on the size of the 
vector angle, show in Fig.5 and Fig. 6. One message is on the 
BUS-A and its destination is A. If two buses travel in the 
same direction of A, then we can know 
that 0 cos cosβ α< < ,and if two buses travel in  the 
opposite direction of A, then we can know that 
cos cos 0α β< < , therefore, BUS-A forward this message 
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to BUS-B. If one bus travels in the direction of A and the 
other one travels in the opposite direction of A, then we can 
also know that cos 0 cosβ α> > , Bus-A forward the 
message to Bus-B. After transmitting successfully, the node 
itself will delete the message, and this way will reduce the 
copies and overhead. 

IV. SIMULATION AND RESULT 
In this section, we simulate the performance of BLR and 

CCBLR with the Opportunistic network environment (ONE) 
simulator [25], and deployed the geographic information of 
Helsinki as map scenario. We test our routing algorithms in 
two simulation scenarios. At first, we only test BLR in a 
simple scenario, with a set of 9 commercial centers, 3 light 
rail lines and 8 bus lines. Each commercial center set with 
one AP. 

 
(a) Two buses travel in the direction of A 

 
(b) Two buses travel in the opposite direction of A 

Figure 5.  Two buses travel in same directions 

 

Figure 6.  Two buses travel in different directions 

In this scenario, the transmission range of each node is 
350m and their buffer is 500MB. If buffer is full and a new 
message arrives, then the message with the least TTL is 
dropped. We simulate a 12-hours public traffic and randomly 
generate 124 messages. The message has a fixed size of 
7MB. We simulate the performance of CCBLR and BLR in 

second simulation scenario which is mentioned in section Ⅲ. 
Crowd nodes’ transmission range is 10m and their buffer is 
50MB. In this experimental scenario, the different group of 
nodes can send messages to each other through the urban 
public transport network.  

A. Simulation scenario Ⅰ 
In this part, we compare the BLR with Epidemic Routing 

(EP), Spray and Wait Routing (SWR), Prophet Routing (PR) 
and First Contact Routing (FCR) [10], and show the 
performance in terms of delivery rate, average delay, hop 
count and the number of copies. Table Ⅰ  shows the 
distribution of experimental nodes. Each parameter only 
represents the number of nodes for each road or commercial 
center. We run 6 simulations for each algorithm and each set 
of parameters.  

TABLE I.  DISTRIBUTION OF EXPERIMENTAL NODES 

Node Types 
Experiment No. 

Ⅰ Ⅱ Ⅲ Ⅳ Ⅴ Ⅵ 
Bus or Light Rail 2 3 4 5 6 7 

AP 1 1 1 1 1 1 
 

Fig. 7 and Fig. 8 show the results of delivery rate and the 
number of copies. FCR and SWR are simple routing 
protocols, hence the number of copies is smaller than others 
and they have a poor performance in delivery rate. Because 
of the targeted routing strategies, BLR has a much higher 
delivery rate which is closed to the result of ER. BLR also 
tries to reduce the number of copies, so it has a smaller 
number of copies than ER and PR. 

 

 
Figure 7.  Delivery rate for different number of nodes 

 

Figure 8.  Number of copies for different number of nodes 
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Fig. 9 shows the results of each routing protocol in 
average hop count. Because FCR has no explicit purpose for 
forwarding messages, it shows poor performance in average 
hop count. ER has a maximum number of copies and also 
has no explicit purpose for forwarding messages, thus, the 
average hop count is bigger than SWR, PR and BLR. SWR 
is a routing protocol that nodes spray a certain number of 
copies, then carry messages, until meet the target node they 
deliver the messages, hence the average hop count is 
minimum. BLR has a better result in average hop count due 
to the routing strategy that forward messages selectively. 

FCR which forwards only one copy of each message to 
the first available contact, hence the average delay is longer 
than others. ER don’t limit the number of copies lead to the 
average delay is minimum. BLR has a smaller number of 
copies than ER, it forwards messages based on minimum 
distance between current position and the target bus line or 
light rail line, hence there is a situation that current position 
is close to the target line, but it is far away from the target 
node, then this situation increase the delay time. In Fig. 10, 
we can also see that BLR is better than PR and SWR in 
average delay. 

 

Figure 9.  Number of hops for different number of nodes 

 

Figure 10.  Average delay for different number of nodes 

 

 
Figure 11.  Performance for different routing 

B. Simulation scenario Ⅱ 
We simulate the performance of CCBLR and BLR in the 

second experimental scenario, Table Ⅱ  shows the 
distribution of experimental nodes. 

TABLE II.  DISTRIBUTION OF EXPERIMENTAL NODES 

Node Types 
Experiment No. 

Ⅰ Ⅱ Ⅲ Ⅳ Ⅴ Ⅵ 
Bus or Light Rail 2 3 4 5 6 7 

Crowd 5 10 15 20 25 30 
 

From Fig. 11, we can see that by adding mobile nodes in 
each commercial center, BLR and CCBLR also have a good 
performance in delivery rate with the increasing number of 
nodes. But they generate less message copies than ER and 
PR. In CCBLR, nodes are limited to forward messages when 
messages reach the target group, this lead to the copies are 
little less than BLR, its average hop count and delay time are 
higher than before. But with the nodes increasing, compared 
to other routing protocols, we can conclude that CCBLR has 
a better performance.  
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V. CONCLUSION AND FUTURE WORKS 
Urban public transport network is regarded as one of the 

hot topic of current researches in DTNs. We proposed the 
BLR and CCBLR, which based on the minimum distance 
between bus lines to forward messages in a city scenario. We 
used scattered stations of bus to replace the bus lines, this 
simplify the previous method that using the GPS to get the 
information of the full path. We designed the data table to 
store the minimum distance between bus lines, develop a 
specific routing strategy to forward messages. Although the 
BLR, CCBLR have poor performance in delay time, they 
have higher delivery ratio and better results in copies and 
overhead. In the future, we will add taxi, pedestrians and 
other communication nodes in the scene to make the network 
model much closer to the real world, and improve the 
performance of the proposed routing protocols in this scene. 
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