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SOME FEW POINTS TO START

 Wireless sensor networks are formed by small sensor nodes 
communicating over wireless links without using a fixed network 
infrastructure. 

 Sensor nodes have a limited transmission range, and their processing 
and storage capabilities as well as their energy resources are also 
limited. Routing protocols for wireless sensor networks have to ensure 
reliable multi-hop communication under these conditions.

 Design challenges for routing protocols in sensor networks - key 
techniques to achieve desired characteristics, eg. energy efficiency and 
delivery guarantees.

 Geographic routing, a paradigm that enables a reactive message-
efficient routing without prior route discovery or knowledge of the 
network topology. 



INTRODUCTION
 Wireless sensor networks are formed by small devices communicating over wireless links 

without using a fixed networked infrastructure. Because of limited transmission range, 
communication between any two devices requires collaborating intermediate forwarding 
network nodes, i.e. devices act as routers and end systems at the same time. 

 Communication between any two nodes may be trivially based on simply flooding the 
entire network. However, more elaborate routing algorithms are essential for the 
applicability of such wireless networks, since energy has to be conserved in low powered 
devices and wireless communication always leads to increased energy consumption.

 The first routing algorithms for wireless networks followed the traditional approach of 
topology-based routing, i.e. forwarding decisions are based on information about currently 
available links between network nodes . Early proposals are based on proactive routing 
strategies maintaining routing information about all available paths even when these paths 
are never used. 

 Proactive routing does not scale well in dynamically changing network topologies, thus, 
reactive methods maintaining only these routes which are currently in use have been 
investigated further on. Even reactive routing methods may still generate a significant 
amount of traffic when network topology changes frequently due to device mobility or 
alternating energy conserving sleep cycles. 



INTRODUCTION

 In recent years, location awareness (i.e. nodes know their physical location) has been 
investigated as a possible solution to the inherent limitations of topology-based methods.

 Several novel geographic (also termed position-based) routing algorithms , which allow 
routers to be nearly stateless since packet forwarding is achieved by using information 
about the position of candidate nodes in the vicinity and the position of the destination 
node only. 

 Information of physical location might be determined by means of a global positioning 
technique like GPS, or relative positioning based on distance estimation on  incoming 
signal strengths . Geographic routing requires that location information about the 
destination node has to be known or acquired in advance. 

 In wireless sensor networks, data are typically collected by a designated node, called sink, 
and the location of the sink can be hard-coded. In general, however, inquiry of destination 
position is done by using an additional location service producing additional network load, 
which has to be considered if performance of position-based methods are compared with 
topology-based ones.



BACKGROUND
 Routing in wireless sensor networks differs from conventional routing in fixed networks in 

various ways: There is no infrastructure, wireless links are unreliable, sensor nodes may fail, 
and routing protocols have to meet strict energy saving requirements. 

 Many routing algorithms were developed for wireless networks in general. Routing algorithms 
that perform an end-to-end message delivery with host-based addressing can be classified as 
topology-based, if the destination is given by an ID, or as position-based, if the destination is 
a geographic location. 

 The latter are also called geographic routing algorithms. Both topology-based and geographic 
routing algorithms are address-centric, and besides these types, the data-centric routing 
paradigm has become popular in the area of sensor networks.

 Data-centric routing is based on queries that are issued by the sink to request data. These 
requests are not addressed to specific sensor nodes. Instead, the sensor nodes that can 
deliver the requested data will answer the query.

 The usage of messages: A routing method is called a single-path strategy, if there is only one 
instance of the message in the network at any time. Other forwarding strategies can be 
classified as partial flooding and multi-path routing, depending on messages being forwarded 
to some neighbors in each routing step or when routing is performed along a few 
recognizable paths, respectively. 



BACKGROUND

 Single path strategies are more resource saving, since they keep the number of message 
transmission to a minimum opposed to multi-path or flooding based approaches. However, 
flooding achieves better results in highly dynamic network scenarios [10], while multipath 
routing forms a compromise between both extremes.  

 Single-path, multipath, and flooding-based routing strategies gives guaranteed delivery.  
Assuming an ideal, collision free access scheme, these algorithms guarantee delivery of a 
message, when source and destination are located in the same network partition. 

 Routing algorithms can additionally be classified if they require nodes to maintain state 
information about ongoing routing tasks, which is termed memorization in literature. 

 It is preferable to avoid memorization of past traffic on any node, but however, as long 
memorization does not lead to an increased message complexity, this is not the crucial 
part to build resource saving protocols. Memory even on small devices is expected to 
increase exponentially in future, while communication resources will remain the limiting 
factor.



1.GREEDY PACKET FORWARDING
 Greedy routing algorithms limit forwarding decisions to information about the location of the current forwarding node, its 

neighbors, and the message destination. Each intermediate node applies this greedy principle until the destination, if 
possible, is eventually reached. The characteristics of greedy routing algorithms differ with the optimization criterion 
applied in each forwarding step. 

 Fig 1: Several greedy routing strategies can be defined by the notion of progress, distance and direction. For example, 
node A is the neighbor of S with most forward progress, B has least distance to D, and C is closest in direction to D

Fig 2: A packet addressed to node D will be dropped at node A, since each neighbor of A (i.e. S and B) is in 
backward direction. This routing failure can appear in both distance-based and progress-based greedy forwarding 
strategies



1.1. BASIC SINGLE-PATH STRATEGIES
 In the mid 1980s Takagi and Kleinrock introduced most forward within radius (MFR), the first position-

based routing algorithm at all. A packet with destination D is forwarded to the next neighbor in forward 
direction maximizing the progress towards D. 

 The widely used greedy forwarding strategy proposed by Finn applies the same principle but considers 
distance instead of progress, i.e. a node forwards a packet to the neighbor with the smallest distance d 
to the destination. 

 If signal strength can not be adjusted, it is a good choice to maximize the advance in each routing step, 
since it attempts to minimize the number of hops a packet has to travel. Nevertheless, even if signal 
strength is a fixed parameter, sending a packet to a distant neighbor in the border area of transmission 
range results in a higher probability of packet loss due to signal attenuation and node mobility.

 Hou and Li observed that by adjusting signal strength to nearest neighbors, the probability of message 
loss due to collision can be reduced significantly. They proposed nearest with forward progress (NFP), 
where each node sends the packet to the nearest neighbor with forward progress. 

 Stojmenovic and Lin defined nearest closer (NC), which is a modification of NFP considering distance 
instead of progress, i.e. packets are forwarded to the nearest neighbor among all neighbors closer to 
the destination. To overcome the trade-off between progress and transmission success the random 
progress method (RPM) by Nelson and Kleinrock selects randomly (uniformly distributed) one of all 
neighbors with forward progress.



1.2. IMPROVED SINGLE-PATH STRATEGIES

 Greedy routing based on progress and distance can be improved 
by allowing a message to travel in backward direction for one 
hop, i.e. a message is dropped only if it has to be sent back to the 
node of the previous forwarding step. In combination with this 
scheme, greedy routing overcomes concave nodes having a 2-
hop neighbor closer to the destination. 

 Delivery rate of existing greedy routing algorithms can 
furthermore be improved if nodes exchange information about 
their neighbors and thus each node is aware of its 2-hop 
neighbors. 

 The next forwarding node is selected among all one- and two-hop 
neighbors. To reach a selected two-hop neighbor C, the 
forwarding criterion is applied again on all onehop neighbors 
connected to the selected node C.



1.3. MULTIPATH AND FLOODING-BASED 
STRATEGIES
 Routing strategies where each intermediate node is forwarding messages to possibly more than 

one neighbor in forward direction are termed restricted directional flooding strategies. 

 The rationale behind redundant message transmission is to increase success rate of existing 
forwarding strategies. A message dropped at a concave node may travel an alternative path 
leading to its destination. However, even restricted directional flooding does not guarantee 
delivery. Basagni et al. proposed the distance routing effect algorithm for mobility (DREAM), a 
strategy based on restricted directional flooding, which requires memorization to avoid loops due 
to forwarding the same message more than once. 

 Source and any intermediate node will forward a message once to all its one-hop neighbors 
lying in a certain angular range toward destination D. 

 Ko an Vaidya proposed location aided routing (LAR), which was originally intended to support 
topology-based reactive routing protocols in finding routes in an efficient way. Reactive routing 
protocols frequently use flooding to determine new routes between source and destination. 

 LAR uses location information to restrict flooding to a certain area, termed request zone. Only 
nodes within request zone are allowed to forward route discovery packets. 



1.4. ENERGY-AWARE ROUTING

 When signal strength can be adjusted, localized routing algorithms could attempt 
to reduce energy consumption by choosing forwarding nodes within optimal 
transmission range. 

 Stojmenovic and Lin proposed a general power metric combining signal 
attenuation of various exponents, energy loss due to start up, collisions, 
retransmissions, and acknowledgments in one expression depending on the 
distance between sender and receiver. 

 Assuming that additional nodes can be set in arbitrary positions between source 
and destination, there is an optimal number of equally spaced intermediate 
forwarding nodes producing minimal power consumption. The optimal number of 
intermediate nodes is calculated from the distance between source and 
destination and the general power metric parameters.

 This result is used to define the power-routing algorithm. 



2. PLANAR GRAPH ROUTING

 In local minimum situation, a recovery strategy is needed to guarantee delivery 
where the problem of greedy forwarding is that messages are dropped by 
concave nodes, which have no neighbors closer to the target.

 Bose et al. described FACE, the first memoryless single-path recovery 
mechanism with guaranteed delivery.

(Face routing is routing along the faces of the communication graph, usually 
used as a recovery mechanism in situations in which greedy routing fails).

 The FACE algorithm is an improvement of the planar graph routing algorithm 
due to Kranakis et al. FACE routing provides guaranteed delivery if it is applied 
on planar connected geometric graphs. 

 A geometric graph is termed to be planar if there is no intersection between any 
two edges of the graph.



2.1. LOCALIZED PLANAR SUBGRAPH
CONSTRUCTION

 The geometric graph reflecting a wireless network is not planar. Thus, 
before the FACE recovery procedure can be performed, a planar 
subgraph has to be extracted from the complete network graph. 

 In the description of FACE, Bose et al. propose a distributed algorithm 
for extracting a planar subgraph from a unit disk graph, which is based 
on the Gabriel graph (GG), a well-known geometric planar graph 
construction. 

 A Gabriel graph for a finite point set S is constructed by connecting any 
two nodes v and w of S if and only if the circle with diameter .v;w/ 
contains no other node of S.

 It is proved in that each node checking this condition for its neighbors 
only is sufficient to locally construct a connected planar subgraph of the 
unit disk graph.



2.2. THE FACE ROUTING PRINCIPLE

 A geometric planar graph partitions the plane into faces bounded by the polygons made up 
of the edges of the graph. 

 The main idea of the FACE algorithm is to route a packet along the interiors of the faces 
intersected by the straight line connecting source node S and destination D. 

 Each face interior is traversed by applying the well-known right-hand rule (left-hand rule), 
i.e., a packet is forwarded along the next edge clockwise (counterclockwise) from the edge 
where it arrived. 

 When the packet arrives at an edge intersecting the line connecting S and D, by skipping 
that edge the next face intersected by this line is handled in the same way. 

 The algorithm proceeds until the destination node is eventually reached or if the first edge 
of current face traversal is traversed twice in the same direction.

 In the latter case, the destination node is not reachable. Face routing is proved to be loop 
free and to guarantee delivery in static connected planar geometric graphs.



2.3. INTERNAL NODES AND SHORTCUTS

 A subset S of all network nodes G is termed as dominating set, if each node of G is either 
element of S or has at least one neighbor in S. 

 Nodes that belong to the dominating set are called internal nodes. If the dominating set is 
connected and nontrivial, GFG constrained on dominating sets will produce shorter paths 
since the search space of planar graph routing is reduced to a subset of all nodes. 

 (a combination of FACE algorithm with distance-based greedy routing, termed as GFG.)

 More precisely, face routing is performed on edges resulting from Gabriel graph construction on 
internal nodes only. If a concave node is no internal node it forwards the message to one of its 
adjacent internal nodes. 

 From there on the message is forwarded along internal nodes only until the local minimum is 
handled or the destination node is eventually reached.



2.4. ENERGY AWARE ROUTING WITH 
GUARANTEED DELIVERY

 Improvement is noted when the recovery procedure FACE is 
performed on internal nodes only, since the algorithm is 
applied on a subset of all nodes, thus, producing shorter 
paths while traversing the faces. 

 Improvement can be observed when the principle of 
shortcuts are used during recovery mode to choose the best 
neighbor with respect to the considered energy metric. 



3. BEACONLESS ROUTING

 Traditional greedy forwarding mechanisms need periodic hello 
messages (beaconing) transmitted with maximum signal strength by 
each node to provide current position information about all one-hop 
neighbors. 

 This proactive component of greedy routing leads to additional energy 
consumption, which occurs independently of current data traffic. 

 No beacons transmitted + not aware of any of its neighboring nodes 
broadcasts a data packet. 

 A neighboring node receiving the packet, calculates a small transmission 
timeout before forwarding the packet depending on its position relative 
to the last node and destination. 



3.1. BEACONLESS ROUTING WITH GUARANTEED 
DELIVERY
 The preferred recovery method for conventional geographic routing is the face traversal on a 

planar subgraph, which is constructed from neighborhood information. 

 But beaconless routing algorithm have no a priori knowledge of the neighborhood. Instead, part 
of this knowledge has to be gained by exchanging messages, if it is not implicitly given by the 
location of the nodes.



 The BLR protocol uses a simple recovery mechanism, which is called Requestresponse
approach 

 The forwarder broadcasts a request and all neighboring nodes answer including their respective 
position in the response message. 

 If no node is closer to the destination, the forwarder constructs a local planar subgraph (GG) 
from the position information of the neighbors and forwards the packet according to the right-
hand rule. 

 The position when entering backup mode is stored in the packet. Greedy forwarding is resumed 
as soon as a node is closer to the destination. 



 Request-Response can be regarded as reactive beaconing, because all neighbors are involved 
in exchanging position information. 



4. DATA-CENTRIC ROUTING

 Data-centric routing differs from topology-based and geographic 
routing in that sense, that messages are not forwarded to a 
specific host, which is determined by a network address or a 
geographic location. 

 In data-centric routing, the sink issues a request for or interest in 
sensor data, and the respective sensors will answer this query. 

 As an example, the sink may request to be alerted, if a sensor 
measures a temperature increase by more than 10 degrees. 

 This request is propagated throughout the network and answered 
by sensor nodes once the event occurs.



CONCLUSION
 Geographic routing is an appropriate routing paradigm for sensor networks, because it enables 

the design of efficient and scalable protocols that use only local decisions and need minimum 
storage capabilities. 

 Location awareness as a main prerequisite is needed anyway in many sensor applications, 
since knowing the location of a sensed event is crucial for its evaluation. The global objective of 
a routing task can be achieved by basic greedy forwarding algorithms based on local decisions 
and without memorizing past traffic. The characteristics of such algorithms depend on the 
optimization criterion applied in each forwarding step. 

 In general, basic greedy routing has a performance close to the shortest weighted path algorithm 
in dense networks, while delivery rate decreases significantly for sparse networks. Delivery rate 
has been improved in several directions, like providing 2-hop neighbor information, message 
forwarding in backward direction and multipath or flooding-based message forwarding.  

 (Greedy forwarding is a position-based routing paradigm, where a node always forwards a 
message to one of its neighbors that minimizes the distance to the destination (or fulfills a 
different local optimization criterion).)

 Memorization can be used to provide guaranteed delivery based on flooding but also for single-
path strategies. However, these strategies may require an increased communication overhead 
and abandon the stateless property of single-path greedy routing.



CONCLUSION
 Face routing is loop-free and guarantees delivery for static wireless networks, while preserving 

the memoryless property and locality of greedy routing techniques. 

 Face routing applied on its own tends to increased communication overhead opposed to the 
number of messages needed when greedy routing was successful. 

 Thus, face routing is mainly used as a recovery mechanism to overcome local minima where 
greedy routing fails. Some improvements of face routing presented here are focused on 
reducing hop count by extracting better planar graphs or enabling nodes to choose more nodes 
than the next hop node along current face traversal. Additionally, energy considerations are 
included in planar graph construction as well. 

 A further improvement copes with the suboptimality resulting from the fact that path length 
depends on the first decision about the direction of face traversal. 

 Finally, face routing was originally defined for an idealized wireless network with uniform 
transmission ranges and stationary located network nodes. Recent research deals with the 
applicability of face routing in a practical network by making it robust against unstable 
transmission ranges and dynamically changing network topologies. 
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