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Adhoc Networks

INTRODUCTION
WIRELESS NETWORKS

Mobile computers such as notebook computers, PDA’s are the fastest growing segment of the computer industry. Many of the owners of these computers have desk top machines on LANs and WANs back at their office. They would like to be connected back home or even when they are away from home. Since having wired connection is impossible, there is a lot of interest in wireless technology.
Two types of components used in wireless LAN 
· Access point: this is the device connected to the wired segment of the wireless network      

· Adaptive cards: installed in each  station host  so that each of them can  receive, transmit and forward packets from / to other stations /host .

The type of wireless networks we are connected with is known as Adhoc networks.

ADHOC NETWORKS

Most of the wireless mobile computing applications today require single hop wireless connectivity to the wired network .This is achieved by installing the access points discussed earlier. So in these networks the
communication between the mobile hosts rely on the wired backbone and fixed base stations.  But sometimes no wired backbone infrastructure maybe available for a group of mobile hosts. Also setting of fixed base stations (hosts with Ap’s) may not be viable due to the performance, cost and convenience considerations. Still the group of mobile hosts may want to communicate with each other and share information between them .Here an Adhoc network is what is formed. The interface used here is the adapter cards.

An Adhoc network is thus having the following characteristics: 

· Temporary networks, infrastructure less networks where each node is a mobile router.
· They function by multi hop transport; that is a message transfer can occur between 2 nodes that are within transmission range of each other. (Here in a single hop) or they could relay the packets across the intermediate nodes.

· They should adapt themselves to the number, location and the mobility of the nodes in a network.
· Nodes maybe mobile, changing locations all the time.

APPLICATIONS 
1. Military tactical communications 

2. Emergency relief operations 

3. Commercial and educational use in remote areas


In short, if all hosts or nodes in a network are mobile and they communicate with each other we obtain an Adhoc network.
THE GOAL: QUALITY OF SERVICE 
The performance indicates for a wireless network are basically: 

Throughput: the rate at which bits are transferred from source to destination .It is measured in bits/ second.
Delay: This is the difference in time from the time a bit enters from the source node till it reaches the destination node.


The wireless medium is an unreliable one: transmissions are subjected to obstacles, reflections, multi path effects which affect the quality of signal. The objective of operating a wireless network is to transfer packets from their source to their destination efficiently and reliably. We will deal with problems associated with these kinds of networks.

THE POWER CONTROL PROBLEM


Transmit power control is important in wireless Adhoc networks for at least 2 reasons : 
· Impact on battery 

· Impact on the traffic carrying capacity of the network..







Consider the figure in the last page for the 1st point above; we see that node N1 which requires to transmit information to node N2 needs to do it in the 1mW power rather than in the 30 mW . Also for the 2nd  point given above ,suppose it is required that N1 transmits to N2 and N3 transmits to N4, then for successful transmissions to take place the power should be 1mW and not 30mW as 30 mW power could cause the interference of the transmission and hence cause packet loss.

IN the OSI reference model the power control problem infringes itself on a number of layers .It infringes itself on:
1. Physical layer due to the need of maintaining link quality.
2. Network layer due to the routing schemes it takes at different power levels.
3. Transport layer due to the impact on the congestion control algorithm.

The dependence of the power control on these layers of the OSI reference model is actually given below .Here we have a group of nodes which wants to send the packet from N1 to N5 .There are 2 different routes depending on the power.




                                                                                             Range at 1mW

                                                                                           Range at 30mW

                           Routing (network layer)

If the operating range is at 1mW then the routing takes places as
N1(N2(N3 ( N4(N5
If the operating range is at 30W then the routing takes places as

N1(N3 (N5


Transport layer


Here as N1 is transmitting to N2 packets cannot be transmitted to N5 as N3 lies in the transmission range of N1.So the problem of congestion occurs at N4 .

The three categories that work has been conducted to find the solution to this control problem are :
· Find the optimal transmit power to control the connectivity property of the network or a part of it.

· Find power  aware routing

· Aim at modifying the MAC layer


The solution is to include an adaptive choice of power level by nodes in the network, which is implemented in a distributed asynchronous fashion .The solution discussed over here, is the COMPOW problem .Common power is given for the operation of nodes. Theoretical justification is provided that the solution can well handle the problem of battery life; the MAC layer contention and maximizes the traffic carrying capacity of the network. This protocol is implemented as a network layer protocol.

Let us argue first saying that bi-directional links are good. The reason for this being :

· The wireless medium as said before is unreliable due to obstructions, shadowing etc. so even on a single hop a packet may not reach the destination. IN order to get the confirmation the receiver will send an acknowledgement. But if the receiver send at a lower power than the transmitter then the ACKS is not received .hence the transmitter and receiver link should be bi-directional .


ACK does not reach T.
· For the proper functioning of the MAC protocol like IEEE 802.11.If a node has to be silenced when 2 other nodes are transmitting data packets the receiver nodes sends the CTS signal to the nodes to be silenced .If it sends at a power lesser than the node to be silenced then the result is the loss of data if the to be silenced node broadcasts.



CTS does not silence interferer H
· Almost all routing algorithm assume bi-directional of links. Hence bi-directional links are important in network layer.


Now the simplest approach for assuming nodes to be bi-directional is that both the nodes operate at the same power level. since all physical paths taken by anode N to a node M can be reversed and the attenuation is the same in either direction, it follows that if two nodes  M and N  transmit at same power , then  if M can hear  N , then N can also hear M .

Common power does nor guarantee common SINR in the case of adhoc networks. So as shown below it is better to keep transmit power low, hence transmit neighborhood small too and take advantage of the spatial dispersion of the nodes to achieve more or less equal SINRs.

So the common power level protocol COMPOW   is suggested over here. The various properties of this protocol is given below which suggests that this protocol is sufficient for the given control problem:
· The question that arises is how much traffic carrying capacity is sacrificed by insisting that all nodes operate at common power level?  The answer is not much. It is shown that traffic carrying capacity of a wireless network where a; mpdes are mobile and they are operating in different power levels is given by c/(n where n represents the total no: of nodes. However a per node throughput of 1/((n(log n ) is obtained in the case of power level being common . This additional factor of 1/(( log n ) is shown to be negligible .  
· What should this common power level be?


As mentioned earlier the wireless channel is a shared medium. Thus, choosing an excessively high power level causes excess interference. On having too low a power the connectivity is too less when the power level is just correct , the network is just connected  and not too much interference 
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high connectivity


low connectivity



Just connected

The traffic carrying capacity is maximized when the range  is chosen to be minimum while preserving the connectivity. The throughput of the system, ( :
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where A : area of  the domain under consideration.

           W : maximum transmission of each node .

            n  : number of nodes 

            r  : range corresponding to each power level .

· A low common power levels provide a low power rotes. Power control impacts on the battery life. The power control for the purpose of increasing traffic carrying capacity is not in conflict with power aware routing. 
· A low power level reduces contention at the MAC layer. Changing range changes the no: of neighbors that each node has and thus the no: of neighbors it has to contend with for media access. Changing the range also changes the no: of hops and thus the relaying burden that each node has to carry and consequently the traffic that each node has to transmit. Actually the total rate of             
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 bits/sic (where parameters were defined earlier) is needed over a channel of W bits/sec. Since W bits/sec id fixed the contention is reduced when ‘r’ is reduced i.e. at a low value of range. so a low common power level

The final power control problem can be termed as follows:
                 Find the smallest common power level at which the entire network is connected. Since the connectivity of the entire network is decided at the network layer COMPOW is situated at the network layer. Also the network layer function includes routing. The power control impacts on the route employed and power control protocol requires the connectivity information provided by the network layer. This mutual dependency motives for the joint solution for power control and routing.

SOFTWARE IMPLEMENTAION AND ARCHITECTURE OF COMPOW PROTOCOL


As seen above a joint solution for power control and routing is required. The software implementation is done of the Linux kernel. Now in order to integrate our protocol into the network stack we employ the parallel modularity ay the network layer. We maintain multiple routing tables at the user space, one for each of the transmit power levels available. In the Linux route discovery, maintenance etc. is done by an application in the user space called the Routing Daemon (RD). So a routing table RTpi   is constructed for a power level Pi by sending and receiving hello message at the power level Pi. The no: of entries in RTpi  is  the no: of reachable nodes at Pi. The optimum power level selected for the node is the smallest power whose routing table has the same no: of entries as that of the routing table at maxim power level. Hence we obtain the optimal power based on this principle. This optimum power level is passed on to the kernel routing table which provides the accrual routing to the packets. This is done by the control power agent which takes in the multi routing table corresponding to various power levels and decides the optimum power level. It also authorizes only the routing table running at what is determined to be the current optimum power level to update the kernel routing table. The figure corresponding to the architecture is given in the next page.

 We have assumed manageable no: of discrete power levels in our design. This is true of the commercially available wireless cards namely CISCO Aironet  340 &  350 series . The 340 series has four power levels (1, 5, 10 & 30mW) while the 350 series has six power levels including 50 and 100 mW
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MEDIUM ACCESS CONTROL PROBLEM


Many problems arise due to the fact that wireless medium is shared in nature. For a receiver to intelligibly receive a packet other nearby transmitters should refrain from broadcasting. Otherwise the phenomenon of collision occurs where packets destructively interfere with each other. Consider the scenario shown in the figure below. Assume T1 both T2 & T3 have to be silent.

Interference and hidden nodes

               Carrier sensing does not assure that conflicts can be avoided. It T1 can hear T2 then it can sense the carrier of T2 and refrain from transmitting when T2 is transmitting. This is not the case with T3 (it cannot hear the T1) hence T3 is termed as hidden terminal. Also carrier sensing results in inefficiency.

                This gives rise to medium access problem: How should nodes schedule their transmissions to have their packets received intelligibly by their intended receivers?
One of the solutions provided is known as IEEE 802.11

THE IEEE 802.11 PROTOCOL


It employs a four-way handshake for each data packet. Suppose node T has a packer to send to a neighboring node r . Then it first sends an RTS packer. This is heard by all the neighbors of T including R. the neighbors of node T which hears this RTS are supposed to stay silent for a while. Upon hearing the RTS, node R sends back a CTS .upon hearing the CTS node T sends DATA packet. This is received successfully by node R as node R’s neighbors were earlier silenced by its CTS packet. After receiving the DATA packer node R sends back an ACK , which is again received successfully by T. after this the neighborhoods of R&T  are released from their silence.
. 1.RTS : Neighbors of Transmitter                      3. DATA is send

are silenced




            
           


2.CTS : Neighbors of Reciever 
                         4. ACK is returned

   are  silenced







Two disadvantage in this is that both neighbors of T&R  are silent during the whole procedure. Only the receiver R’s neighbors needs to be silenced when the T is transmitting DATA. Also this four-way handshake is necessary for each and every packet which again can be wasteful. Also when a collision occurs the nodes just employ a back of mechanism which makes all the nodes involved in collision to back off for a random time and then retransmit.

This protocol is presently the solution provided to us as a solution for the medium access control problem. Due to the disadvantages, we have motivated ourselves to create newer protocols for the MAC layer. The research includes a protocol known a SEEDEX, which stands for ‘seed exchange’. This protocol attempts to make reservations without explicitly making them.
                     In SEEDEX protocol what we do is actually know the schedules of all the nodes in a two hop neighborhood. The scheduling is done in a random order. Associated with the SEEDEX protocol we have a pseudo-random number generator. Such pseudo-random number generator has an internal state, whose initial value is called the seed. A sequence of random looking numbers is then generated through the recurrence equation with which the pseudo-random number generator works. Thus if node A knows the initial seed of the pseudo-random number generator used by  node B , then mode A can determine node B’s schedule. This leads to the key idea associated with the SEEDEX protocol: nodes simply have to publish their seeds and not their entire schedule. 

Now as far as the publishing of seeds are concerned we do it by a procedure known as fan-in and fan-out. Every node broadcasts the seeds of all its neighbors that it knows about, including itself to all its neighbors. After hearing a similar, broadcast from each of its neighbors, it then again broadcast the seed of all its neighbors to all its neighbors. Seeds are thus exchanged with all nodes in a two-hop neighborhood. This is the essence of SEEDEX.

IMPORTANCE IN COMPUTER SCIENCE

Computer network has developed from very simple systems to complex processes in the last few decades. The field of networking has been integrated along with that of control systems to form the network of control systems (NCS). so it very essential to know the problems associated with networking especially in a real-time adhoc networks as these type of  networks are the future of intelligent systems in instrumentation. Basically what we have discussed over here is the control of network systems. Intelligent systems form the most modern of the technology. 
           A simple illustration of intelligent control systems is: imagine of a situation where there is a plant situated in poorly developed places like some African countries. Well we can control this plant sitting in an air-conditioned office in States. This is only made possible through the field of networking. Right now the present generation basically consists of wired networks. Exampled are Ethernet, Devicenet etc. But the future generation will surely be consisting of wireless networks where we can send the set points, the control outputs just through thin air. And the future of these wireless networks are the adhoc networks where there is no need of any fixed base stations but rather only mobile nodes.  

CONCLUSION

We have dealed with the specific wireless networks known as packet radio networks or just as adhoc networks. The basic idea of such a network is t transfer packets from their sources to their destinations efficiently and reliably. This includes the choice of power levels and timing of transmissions. Hence the two problems faced by the adhoc networks. Basically the 
1. Power control problem: its solution being that of the COMPOW protocol.

2. Medium Access Control problem : its solution presently being that of IEEE 802.11


The solution for the power control problem is yet to be implemented while future developments are taking place in the MAC problem which has been mentioned of in the report basically the SEEDEX protocol. In summary the applications of our skills as control engineers to increasingly distributed interconnected systems are pervasive. Whether it’s the control of a network or control through a net work, exciting prospects for innovation and impact exists. 
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ABSTRACT


We investigate the newer generation of wireless networks in this seminar. Adhoc networks find there application in the field of military tactical communications and various other emergency situations. Before we can efficiently use this type of network it is essential for us to understand the various control problems associated with adhoc networks. These include the power control problem. This problem infringes itself into the various layers of the OSI reference model. It basically affects the networking by affecting the battery life of the system. So the necessary solution is investigated over here, this solution being the COMPOW protocol. The second problem which we deal with is the Medium Access Control problem (MAC). The wireless medium is a shared medium hence the problem of ‘who get the medium’ is a big question. The basic protocol which helps us get over this control problem is the IEEE 802.11. Adhoc networks will be the future of the instrumentation and control systems hence its efficient working is very important.
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