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Abstract
In this paper, a new routing protocol for Bluetooth scatternet called hybrid Bluetooth scatternet routing protocol is discussed. A scatternet is a type of ad hoc computer network consisting of two or more piconets using cross over nodes called bridges. To establish routs in scatternet they must be able to discover each other, sometimes without having any information for peer devices identity to be able to communicate. On the other hand, the main routing approaches in wireless ad-hoc network are reactive, proactive, and hybrid. In this paper a new routing protocol called hybrid Bluetooth scatternet routing will discussed. In this protocol a hybrid zone routing approach is used, and as known that Bluetooth devices can discover the rout based on either destination address or serves. Then some improvements to the protocol by integrating the protocol with the black bridge scatternet formation algorithm to reduce number of hopes and consider the connectivity and the node living time as an important attribute to determine the best path between any two scatternets is made.
1. Introduction
Bluetooth is a low power and low cost short range radio waves technology which is considered as a novel technology for short range wireless networks and wireless personal area networks. It uses frequency-Hopping spread spectrum (FHSS) technology. Bluetooth devices share 79 channels of 1 MHz bandwidth with the 2.4 GHz band channels up to 1600 times per second. The communication range supported by Bluetooth is power-class-dependent: class 1 supports maximum 100 meters, using 100mW; class 2 supports maximum 10 meters, using 10mW; class 3 supports maximum 1 meter, using 1mW but in most cases, the effective range of class 2 is used.
 
Two or more nodes sharing the same channel form a piconet, where one node acts as a master, controlling the communication in the piconet and the other act as slave. The network formed by a master and its slaves is called piconet. Two piconets can form a bigger network by sharing a device, which appears in both piconets and called bridge node, two or more piconets formed scatternet. 
Bluetooth is used in many products, such as mobile phones, printers, headsets, keyboards, game consoles. Though the original goal of Bluetooth is just to replace cable, it is convenient to use Bluetooth to construct a PAN (Personal Area Network), which provides a “last meter” solution for application personalization.  Now a day, many people carry handheld portable devices such as personal digital assistants (PDAs), laptop computers, and mobile phones to keep in touch with each other and share information's using this technology. Bluetooth allows these devices to form a short range wireless ad-hoc networks or personal area networks (PAN) in order to communicate with each other without any central node infrastructure.

 On scatternet formation, many researches have been conducted. These formation schemes classified into three categories: Proactive, reactive, and hybrid. With a proactive scheme, the scatternet is constructed at the initial startup stage by considering different aspects, such as power or proximity information. Proactive schemes can construct an efficient scatternet at the beginning, they are not suitable for a practical Bluetooth environment because the topology is varied frequently in the real world and their scatternet reconstruction cost can be very high.

In contrast with proactive formation schemes, several reactive formation schemes are proposed to construct a scatternet on demand.

Several hybrid schemes have been proposed to enjoy benefits of both proactive and reactive schemes. Although these hybrid approaches can have lower broadcasting cost than the reactive schemes, they do not consider the stability of the on-demand scatternet. Since Bluetooth nodes in a mobile environment may have high mobility.     

One of the main problems in Bluetooth networks is that within a piconet, the slave node doesn’t have any information about other slaves. Another problem for Bluetooth devices are that they have limited resources, that means the traditional routing protocols can't be used because they have complicated processing and large routing tables.

Definition 1) Piconet hope: a physical link between any two Bluetooth devices.
Definition 2) 1-scatternet hope: a virtual hope (path) between any two piconet       masters, which goes through a bridge node.

Definition 3) ESN: the 1-scatternet hope region formed by the union of adjacent piconets.

2. Related works
 
Hybrid Bluetooth scatternet routing algorithm: Hybrid Bluetooth scatternet routing algorithm uses proactive and reactive approaches to determine the routing path. Proactive (Table Driven) are used within the ESN when the destination or service available in the ESN routing table that is located on the master node. Otherwise the reactive (On-demand) is used when the service or destination is not located in the same ESN by sending a broadcast discovery messages. The algorithm uses the slave-slave bridge instead of master-slave Bridge because of switching cost. The extended scatternet neighborhood is defined as any two piconets that connected with each other using bridge node. In other word, the piconet can send packets in 1-scatternet hope as in definition 2. The protocol uses the Probabilistic gossiping strategy to reduce the routing control messages through the network and this strategy depends on the piconet if it sparsely or densely connected.

 
Usually, every master node has information about its own piconet, but in this algorithm every master node has information’s about its own piconet and the ESN and these information's interchanged between masters nodes as a routing table. Every routing table contains the piconet ID, Bluetooth device address, and flags that identify the node type. Address for the node indicates for Bluetooth device address or the service that is provided by the node.
Black bridge: Black bridge formation algorithm is an algorithm for forming scatternet depends on the devices classes to perform bigger scatternets. There are three power-class-dependents of Bluetooth devices as mentioned earlier, and can categorizes Bluetooth devices into many categories depends on many properties of Bluetooth devices. To simplify the problem, the devices are classified into two categories: Black and white. First the piconets are built and form scatternets without using the other class nodes (the black nodes), then these scatternets connected using black nodes. Our goal is to use as few as possible black nodes or bridges by founding the shortest path of any two scatternets.

The shortest path in Bluetooth scatternet is the path that has minimal number of hopes and Bluetooth devices can determine this path by performing sending and receiving procedure. First, one of the scatternets sends massages to the other piconets using all available paths and the other scatternets records the first massage arrives and it path and number of hopes between the two scatternets. If another massage received by the scatternet with minimal number of hopes, it changes it record to the new value of the routing that has less number of hopes. 

3. Analysis

From our point view for the hybrid Bluetooth routing algorithm, many benefits and weaknesses in the protocol are found. One of the good points in the protocol that its defines a table that has information  about all nodes in extended scatternet neighborhood and this table have piconet ID, Bluetooth device address, neighbor masters sequence number and flags to determine the node or device type as you see in table one and figure one that describe the table.
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Fig.1: Example ESN Routing Zone

[image: image3.emf]Table 1: piconet master MA’s ESN Routing Table

When one of the nodes request a service or a specific address, the master searches for them in ESN table without needing for any broadcast massages, this is helps in reducing the overhead on the network.

But this table doesn’t help when the topology size (Nodes) is increased as the performance evaluation shows in fig. 2, when there are 16 node or less the protocol serve more 50% of rout discovery requests without using the on-demand approach which is good but when the number of nodes increased up to 64 node for example, its benefits are achieved only in a less than 20% from the ESN table and the rest are served using the on-demand approach. And when the number of nodes increasing, the size of the table is also increased and more resources are reserved. The rest of requests are served using on-demand approach and broadcast massages which are over headed the network and the table became somewhat useless as shown in figure 2. 
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                     Fig. 2: ESN Node Reachability
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From other point, the number of scatternets hops effects significantly on the delay as figure 3 shows that the delay when there are two scatternets hope the delay is approximately 300 ms and on seven scatternets hope the delay approximately is 1100 ms, and there are some applications not tolerant to the delay that may occur when the number of the scatternets increased. 

Fig. 3: HBSR Rout Acquisition Delay
As  mentioned earlier in section 2, the black bridge forming algorithm form the scatternet by a set of sending and receiving messages procedure to find the shortest path between scatternets as shown in figure4 .
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Fig. 4: an example to describe scatternets sending and receiving procedure.

As figure 4 shows that after the sending and receiving procedure between scatternet one and scatternet two, they determine path2 as the path with minimum number of hopes between them.   On the other hand, the black bridge forming algorithm is reduces the number of black bridges and make them as minimum as possible because as the number of scatternets increases the number of black bridge are also increases and so the number of hopes will also increases which increases the delay time.
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If  n nodes will perform the scatternet (white and black nodes), the number of the massages that needed to perform the hall operations to form the scatternet will be less than (n2) as shown in fig.5.

                   Fig. 5: used messages.

[image: image8.png]PicolD| BD_ADDR | SEQ [B|MJE|
B [ <BDADDRu,> [seqns|0[ 1|0
B | <BDADDRsp,> |seamy|0] 0|0
B |<BDADDRp, ;> [sequs |1[ 0 [0
B |<BDADDRs,> |seaus|0] 0|0
B |<BD_ADDRpy.> [sequrs 0] 0 |1
D |<BDADDRuy> |seary 0|10
D |<BDADDRsy, > |sequn|0| 0 0]
D |<BDADDR p> |sean|1] 0|0



In the environments when there are less than 10 nodes, the number of scatternets can't decreased even when using black nodes as bridges, but actually in other cases when the number of nodes is more than 40, the number of scatternets is reduced as shown in figure 6. 
Fig. 6: Relation between scatternet number and bridge node number.
The most important weakness is that the algorithm doesn’t take into account the other mobile nodes and mobility issues, it just deal with the number of hopes and leave many other aspects like node living time and connectivity.

 4. Proposed work
In the previous algorithms, there were many problems and solutions are tried in this section to solve some of them. 

To connect between any two scatternets, the determination of the best path between them is needed first, the black bridge scatternet forming algorithm take in account only the number of hopes between the two scatternet, the solution is to take in account the connectivity and node living time for each node on the path. When making a broadcast rout request message, the bridge nodes will reply with a rout reply message.
Every node in the path will add to the rout replay message the connectivity and its living time. When the replay massage arrives to the scatternet, the number of hopes for each path will be known and node living time and connectivity for each node on the path. So after that the best path will be known. So a new technique to select the best path depends on the connectivity, life time, and number of hopes is introduced. First, there is a value for each available path depends on the information collected from rout replay message. The connectivity and the node living time are classified into three classes as shown in table 3 and table 4. Then for each path the weight will be calculated by the following procedure:

Phase 1: for each path the lowest connectivity for the nodes is selected, and then the lowest living time for that node is selected.

Phase 2: then calculate the path weight using the following equation:
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	Connectivity
	Value

	High
	10

	Medium
	5

	Low
	0


                            Table2: Connectivity                                         
   Table 3: Life Time

	Life Time
	Value

	High
	10

	Medium
	5

	Low
	0


Phase 3: then the path with the highest weight is chosen.
 For example as shown in figure 7 the following two scatternets have two paths and want the best of them to be chosen. The minimum connectivity in path1 is medium and the value for this class is 5, and the minimum life time for path1 is medium and the value for this class is 5. The number of hopes in path1 is 3 so the weight for this path is 25/3=8.33.
Path2 has only one node and the connectivity for this node medium and the node living time is also medium. So the weight for path2 is 25/1=25.

So the best path between the two scatternets is path2 which is having the highest weight.
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Fig. 7: select best path example.

From our point of view, this network needs a routing protocol that take into account the network size and devices types (Bluetooth devices) to send and receive data between the nodes, for this reason a suggestion that to use the HBSR algorithm with some modifications to guarantee the performance and reduce the overhead on the network and intermediate nodes which is will be our future work.

5. Conclusion
In this paper the Hybrid Bluetooth Scatternet Routing (HBSR) algorithm and black bridge scatternet formation algorithm are presented with their analysis and explain some of their strength and weaknesses. And some modifications to the black bridge formation algorithm are made and it takes into account the node living time and the connectivity with the number of hopes to find the best path. And the applying HBSR algorithm on this network is suggested plus some modifications to guarantee the performance improvement in the network.
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