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Abstract 

 

Classical routing algorithms do not perform well in large-scale wireless sensor networks, as they require 

maintaining huge routing tables and exchanging frequent packets with network topology state. 

Beaconless geo-routing algorithms solve this problem, routing data packets on the basis of positioning 

data. In this paper, the performance of geo-routing is validated in radio conditions that are realistic for 

sensor networks, i.e. when sensor positions are known with some inaccuracy and when wireless fadings 

affect the radio channels. It is shown that the protocols that are known to guarantee the packet delivery 

for unit disk graph model and perfect location knowledge are far from that in real sensor networks. 

Further, a new modification of the well-known Angular Relaying algorithm is proposed. The new 

algorithm is validated by computer simulations and it is proved that with the proposed enhancement its 

delivery rate is larger than for the original algorithm.  

 

 

1. Introduction 

 

When dealing with large-scale wireless sensor networks (WSNs), the issue of routing is frequently 

handled with one of the solutions based on the sensors location data. So called geo-routing protocols 

assume that each sensor in the network knows its own position (geographic coordinates) as well as the 

position of the node where the data are gathered (sink node). According to the general geo-routing 

idea, data packets are forwarded from their origin nodes, step by step through the nodes located closer 

and closer to the destination, finally reaching the sink node. No routing tables are needed with this 

approach: nodes make routing decisions on the basis of the nodes coordinates, only.  

 

It was proven that the basic geo-routing protocol (greedy routing) enhanced with some recovery 

procedures (as described in Section 2) can guarantee the packet delivery. It is true, however, only in the 

case of idealistic radio propagation conditions (no wireless fadings, circular radio transmission ranges) 

and perfect knowledge about the nodes locations.  

 

The purpose of this paper is to analyse the geo-routing performance in conditions that are close to real 

for large-scale WSNs. First, the impact of localization inaccuracy (each sensor knows its own coordinates 

with a certain error) will be evaluated. Then, the delivery rate for geo-routing will be investigated in 

WSNs where wireless fadings occur in connectivity between the network nodes. Finally, a new geo-

routing protocol enhancement will be proposed that enables to increase the delivery rate.  

 

This paper is based on the MSc thesis of its first author, defended at AGH, Kraków, in December 2012.  

 

2. Related work 

 

In wireless sensor networks packets have to be transported from source nodes to a destination node, 

also called the sink. Intermediate nodes have to know where to forward a received packet so that it is 



delivered properly to its destination. Typically, routing tables, that contain the most appropriate next 

hop for every destination, are being created and maintained in the nodes.  When using geo-routing, it is 

however possible to find the best neighbour without that kind of tables.  

 

The most basic geographic routing protocols are greedy algorithms. The nodes to forward a packet just 

need to know the location of the sink and the location of the nodes in their vicinity. Basing on that 

information the next hop node is chosen depending on metric used: it can be e.g. the node closest to 

the sink, closest to the link connecting the current node and the sink or maximizing the progress 

calculated as a distance between the current node and the projection of the next hop node onto the line 

connecting the current node with the sink [1]. It is important to notice that greedy schemes, although 

very efficient, cannot guarantee packet delivery. 

 

Although greedy routing algorithms are efficient and often may seem to be a sufficient solution, they 

cannot guarantee delivery. During a routing process a message packet may reach a node that has no 

neighbours closer to the destination and thus the greedy routing is stopped. Such a node is called the 

concave node (Fig. 1).  
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Figure 1. When the node S tries to send a message to the node D, a greedy forwarding stops at the node C, called a concave 

node, due to the lack of neighbours located closer to the destination [2].  

 

There are several types of geographic routing algorithms that can resolve the mentioned problem. 

Basically they can be divided into two groups: 

• Algorithms based on beacon messages. Some of them use memorization, such as Geographical 

Routing and Localized DFS-based Routing [3, 4], some of them are memoryless: Compass 

Routing II [5], FACE [6], Greedy-face-greedy [6], Greedy Other Adaptive Face Routing Plus [7], 

Geographic Clusters Routing [8], Position-based Multicast [9] and Partial-partition Avoiding 

Geographic Routing [10].  

• Algorithms avoiding beaconing and thus being much more energy efficient. Most of the schemes 

mentioned above can be modified to be beaconless. It, however, requires that each node taking 

part in the forwarding process asks all his neighbours about their positions just before deciding 

where to forward a packet. On the other hand, there was also proposed a method for completely 

reactive face routing with guaranteed delivery called Angular Relaying [11]. Angular Relaying 

does not require any signalling/topology discovery process. 

 

The decision whether to use beaconless strategy or not depends on various factors, such as network 

load, dynamics of topology changes and nodes mobility. The advantage of the protocols utilizing beacon 

messages is that the information necessary for packet forwarding is always available immediately. There 

is no delay caused by the contention period - a period in which the neighbours compete to be the next 

hop node, which exists in the beaconless strategies. In networks where the topology changes frequently, 

beacon messages have to be exchanged very often so that the information is always up-to-date. In that 



situation it is better to use beaconless approach, as the information about the neighbours is requested 

upon demand and thus is never outdated. Moreover, not all nodes in the vicinity of the current node 

have to take part in the forwarding process, which also decreases the overhead significantly. In this 

paper, we focus on beaconless approaches and refer to the Angular Relaying (AR) algorithm as the one 

that works reactively and guarantee packet delivery (at least in idealistic radio propagation conditions, 

as it will be discussed later) .  

 

Angular Relaying (AR) is an algorithm launched when a recovery procedure is needed, i.e. the greedy 

algorithm fails (the packet has arrived to a concave node). It is based on select-and-protest scheme. It 

uses an angular distance (Fig. 2) to determine the next hop node and a delay function to set the order of 

responses. An RTS message is sent to the neighbours and they respond with a CTS message if they do 

not violate the so called planar subgraph condition [11]. The node that responds first becomes the 

selected one. The protest messages are used if the selected node is not a valid neighbour. 

 

 
Figure 2. The angular distance of the node W is the angle Θ, where A is the node currently holding the packet and P is the 

previous hop node. 

 

The Angular Relaying algorithm utilizes the angle delay function to determine candidates for the next 

hop. As the nodes do not track nor memorize the position of their neighbours, the position of the node 

that wants to forward the message (called the active node) and the previous hop have to be announced 

so that every node can compute its angular distance Θ. Depending on the recovery direction, the first 

neighbour in clockwise or counter-clockwise direction is selected. A simple angle-based delay function 

has the following form: 

            (1) 

 

The variable tmax has a fixed value. It is a system parameter that has to be specified before running the 

algorithm. Selecting the first candidate in either direction guarantees data delivery only when the 

neighbour is in the Gabriel graph (a Gabriel graph for a finite-point set S is constructed by connecting 

any two nodes X and Y of S if and only if a circle with diameter (X,Y) contains no other node of S). Thus, 

the protest messages have to be used.  

 

The whole AR algorithm consists of two phases. The first one is called a selection phase. The active node 

A sends an RTS message containing its position, the position of the previous hop P and tmax. Each node 

W that hears the RTS message sets a timer t(Θ) based on the angular distance Θ equal to the angle 

∡PAW (an angle Θ in Fig. 3). The neighbours respond with a CTS message when their timers expire, in an 

order set by their delay functions. All the nodes that have the previous node in their Gabriel circle 

NGG(W,A) respond immediately with an Invalid CTS message so that other nodes are aware of them and 

do not have to protest later. Those nodes do not participate in the selection process any more. Nodes 

that hear the Invalid CTS message and have the sender in their Gabriel circle also send that message 

instead of a CTS. When the active node receives the first valid CTS it cancels its timer and sends a select 

message containing information about the selected node, i.e. the first one that responded with a valid 

CTS. All the neighbours upon receiving that message cancel their pending timers. 

 



 
Figure 3. The angles used to determine the protest timers. 

 

In the second phase called protest phase the nodes are eligible to protest. The active node sets a new 

timer . The value of the timer is a quarter of tmax because only in this time a protest 

can occur. All the neighbours start new timers based on an angle Θ that determines the order of 

protests. The angle Θ is equal to an angle ∡PAW – ∡PAS = ∡WAS (Fig. 3). When the new timer expires, a 

node can protest only if it violates Gabriel condition, i.e. it lies in the Gabriel circle NGG(A,S). When a 

node protests it automatically becomes the new selected node, and the protest phase repeats. When 

the protest phase timer set in the active node expires, the node that was firstly selected or protested 

last becomes the next hop. If no (valid) neighbours are found, the node A resends the packet to the 

previous-hop node. 

For the previously described delay function it can be regarded as a rotating sweep straight line with one 

end at the active node and length equal to the communication range (Fig. 4).  

 

 
Figure 4. The sweep line S has the length equal to the nodes communication range. Here it sweeps in a counter-clockwise 

direction. 

 

This line sweeps in a selected direction (clockwise or counter-clockwise) until it hits the first valid 

neighbour which becomes the selected node, and if there are no protests, the next hop. After selecting 

a node, the sweep line continues and every node that it hits is eligible to protest only if it violates the 

Gabriel condition. A protest area is a semicircle containing nodes that can protest due to the violation of 

the Gabriel graph condition. The size of this area influences the amount of protests and is dependent on 

the distance between the active node and the currently selected node.  

 

3. Angular Relaying simulations 

 

In order to validate the performance of beaconless geo-routing in realistic conditions, a routing 

algorithm, composed of two previously described algorithms: greedy distance-based algorithm and 

Angular Relaying (AR), was implemented in a new, written from scratch, Java-based computer simulator. 

In the greedy mode the algorithm utilizes CTS and RTS messages with a timer adopted from the AR 

algorithm. When a message arrives to a concave node AR is launched. The algorithm switches from the 

greedy mode into the AR mode when after sending an RTS message, no CTS message is received. In the 

AR mode the data message contains information about the concave node and a flag indicating the mode 

is set to AR. Every node that receives the data message with the AR flag set, checks whether it is located 



closer to the destination than the concave node, in which case the algorithm switches back to the 

greedy mode.  

 

The radio transmission parameters used in the simulator were based on the technical documentation of 

commonly used MICAz motes [12] and are presented in Tab. 1. The radio channel was modelled by the 

Friis formula (Free Space Loss) with additional attenuation for vegetated terrains according to the ITU-R 

P.833 Recommendation [13]. The model parameters were adopted from the measurement campaign 

performed in France and reported in the same document [13].  

 

Four main simulation scenarios were considered. The first scenario assumes that the conditions are 

perfect, that is, the locations of the nodes are well known, and no signal fading occurs in the radio 

propagation channel. The second scenario assumes some inaccuracy of nodes locations, in other words, 

the actual location of a node differs from the node’s knowledge of its location (and what it sends to its 

neighbours). A Gaussian random variable with mean value 0 and a deviation equal to 5, 10, or 15 metres 

was added to the real node location to represent the actual knowledge of each node. The chosen 

localization errors maximum values are based on the inaccuracy of the Global Positioning  System (GPS) 

[14]. In the third simulation scenario, instead of setting fixed transmission range (although based on ITU-

R model), the same for every node, a random Gaussian variable is added to the path loss. This resulted 

in, among others, situations where there were candidates that could hear the active node, but could not 

hear the node that responded to the active node (with CTS), although laying in its transmission range. 

The fourth scenario combined localization process inaccuracy and transmission channel fadings. This 

created the best approximation of the real conditions among all scenarios considered. 

 

The simulations were performed for wireless sensor networks consisting of 1000 nodes, with the sink 

node located in the centre of a rectangular field. The size of the field was changed from 1400 m to 3200 

m with step equal to 200 m so that the algorithm could be tested for different network densities and 

average numbers of neighbours. These numbers were derived from the empirical research that showed 

that for those values the connectivity decreases from 100 to 0% (and so the average number of 

neighbours changes from 11 to 2). 

For every scenario and field size there were performed 100 simulations, each with randomly generated 

locations of the nodes. For every network a Dijkstra Shortest Path algorithm was launched to find nodes 

that were able to reach the sink, and to find the shortest paths for each of them. Next, every one of 

those nodes was set as a source node and the geo-routing simulations were performed. If the routing 

loop was detected, the algorithm was stopped for the current run and the route was marked as not 

working. 

 

The simulation results are presented in four subsections below with three parameters: 

a) delivery rate: the percentage of packets successfully delivered from origin nodes to the sink, 

b) mean algorithm cost [7]: the number of hops performed by a packet divided by the length of the 

shortest path, averaged out for all simulation runs, 

c) message complexity [11]: the number of all messages sent divided by the length of the shortest path, 

averaged out for all simulation runs. 

 

3.1. Scenario I: perfect conditions 

 

As it was shown in [2], in perfect radio conditions (sensors know exactly their own positions, no wireless 

fadings and thus circular and identical sensor radio ranges), the combination of greedy and AR routing 

guarantees packet delivery, thus the delivery rate is equal to 100%. In Figs. 5 and 6, the mean algorithm 

cost and message complexity are presented, respectively. In both of them it can be noticed that the 

values are highest for the medium densities, where the Angular Relaying algorithm is used most. In the 



low and high densities, the most of the packets are delivered with the greedy mode only, AR is not 

needed.  

 

  

Figure 5. Mean algorithm cost in perfect radio 

conditions. 

  

Figure 6. Message complexity in perfect radio 

conditions. 

 

3.2. Scenario II: inaccuracy of nodes locations 

 

In the second scenario, it was assumed that sensor nodes locations were known with a certain position 

error. Three following subscenarios were simulated: with the inaccuracy of 5, 10, and 15 metres. The 

results (delivery rate, mean algorithm cost and message complexity) are shown below in Figures 7-9. 

 

 
Figure 7. Delivery rate for different deviation between the real and known sensor location.  

 

The percentage of the unsuccessful paths (not delivered packets) does not exceed 5 % for location 

inaccuracy of 5 meters. However, it can reach nearly 30 % for mid-density networks when the location 

inaccuracy is 15 meters. In general, the bigger inaccuracy is, the lower delivery rate is, and the geo-

routing is less reliable.  

Observing the mean algorithm cost parameter (Fig. 8) it can be noticed that for small location deviation 

values (5 m) the shape of the chart is very similar to the one for the networks in perfect conditions (Fig. 

5). For higher inaccuracy ratios, the algorithm cost values are lower. The explanation for that is that for 

every inaccuracy ratio (5, 10 and 15 metres) the mean algorithm cost is measured only for the paths that 



were successfully found by the algorithm implemented. With higher inaccuracies the algorithm fails 

more frequently and it is more probable that it fails for the longer paths where AR is used. Thus, as the 

most of the paths found and counted in the mean algorithm cost are those computed mainly by greedy 

routing, which has a cost lower than AR routing, the mean algorithm cost values are lower for higher 

inaccuracy ratios. 

 

 
Figure 8. Mean algorithm cost for different deviation between the real and known sensor location. 

 

For the inaccuracy ratio equal to 15 metres, the mean algorithm cost grows for higher densities, in 

contrast to the curves for 5 and 10 metres. This is due to the higher possibility of location errors in 

denser networks. The nodes get confused easily and in the greedy mode the algorithm fails to find the 

paths with number of hops close to the ones found by the Dijkstra algorithm. 

The same conclusions explain the shapes of message complexity curves (Fig. 9) that have very similar 

shapes to the mean algorithm cost ones. 

 

 
Figure 9. Message complexity for different deviation between the real and known sensor location. 

 

 

 

 

3.3. Scenario III: channel fadings 

 

The previous scenarios assumed that there were no fadings in the transmission channel. To assess the 

reliability of the geo-routing algorithm a channel with fadings was implemented and algorithm was 

tested in the third simulation scenario. The fading had a mean value of zero and a deviation of 4 dB. 

Similarly as in the scenario II, the algorithm fails mostly in mid-dense networks, when the recovery mode 

(AR) is frequently used. The delivery rate (Fig. 10) decreases to the level even lower than 50% for those 

networks. 



 

 
Figure 10. Delivery rate for simulated networks with channel fading implemented. 

 

The mean algorithm cost (Fig. 11) and message complexity (Fig. 12) ratios also grow in the medium 

density networks due to the increased usage of Angular Relaying. Just as before the both figures have a 

very similar shape to each other.  

 

 
Figure 11. Mean algorithm cost for the simulation 

with channel fading implemented. 

 
Figure 12. Message complexity for the simulation 

with fading channel implemented. 

 

 

3.4. Scenario IV: inaccuracy of nodes locations joint with channel fadings 

 

The final scenario is a combination of the second and third one, i.e. both, channel fadings and 

localization inaccuracy, are introduced. The simulations were performed for transmission channel 

fadings deviation equal to 4 dB and localization inaccuracies of 5, 10 and 15 meters. The results are 

depicted in the Figures 13-15 below.  

 

The majority of the algorithm failures occurs again in medium network densities (Fig. 13), i.e. where the 

AR algorithm is used the most frequently. What is noticeable, is that the percentage of unsuccessful 

paths does not change so significantly with the change of a localization inaccuracy deviation value, as it 

was in the second scenario. The maximum percentage of unsuccessful paths oscillates around 60% in all 

three cases. That means that the transmission channel fadings have more significant influence on the 

simulations results than the inaccuracy of the localization procedures. This also explains why the 

delivery rate values are so similar for all three cases simulated in this scenario.  The delivery rate lowest 

values are equal to about 40%, only a little less than for the third simulation scenario. 

 



 
Figure 13. Delivery rate for simulations with channel fadings and different values of location inaccuracy implemented. 

 

The mean algorithm cost (Fig. 14) and the message complexity (Fig. 15) received in the fourth scenario 

differs considerably from the figures presented for the previous scenarios. The values of the parameters 

for low network densities, from 110 to 160 nodes/km
2
, are much more higher. Then, they become very 

similar to those of the third scenario. The nodes information concerning network topology is very 

different from the real situation in the network, that is why the mean algorithm cost and message 

complexity values are so high in the networks with low number of neighbours, i.e. in the nodes 

knowledge they have more or different neighbours.  

 

 
Figure 14. Mean algorithm cost for simulations with channel fadings and different values of location inaccuracy 

implemented. 

 

It can be noticed that, apart from the values for low network densities in the fourth scenario, values of 

mean algorithm cost and message complexity parameters are lower and lower with every scenario (and 

every case in scenarios with localization inaccuracy introduced). As explained for the localization 

inaccuracy scenarios, this is due to the fact, that less AR paths are counted into those parameters (as 

they fail more frequently) and the AR algorithm has a high mean algorithm cost and a high message 

complexity in general.  

 



 
Figure 15. Message complexity for simulations with channel fadings and different values of location inaccuracy implemented. 

 

 

4. Proposed AR modifications 

 

As it was shown above, the algorithm composed of greedy and AR protocols does not guarantee data 

delivery in real networks. In this section we propose some algorithm modifications that can improve its 

performance. First, the main reasons of failures of the original algorithm are explained. On this basis, a 

modification to the algorithm is proposed. The modification sets as its purpose the creation of possibility 

to change mode from recovery to greedy earlier than according to the AR algorithm. It is achieved by 

adding two new types of messages: Immediate CTS and Cancel Message. 

 

4.1. Angular Relaying problems in the real networks 

 

As it could have been noticed in the simulations results, for the second, third and fourth scenario the 

delivery rate was not equal to 100%. This was due to the packet loops that occurred because of the 

localization inaccuracy and the transmission channel fadings. It is easier to look for the loops causes 

investigating localization inaccuracy and transmission channel fadings separately. For that reason only 

the second and third scenarios were investigated looking for reasons of AR failures. 

 

Regarding the second scenario (localization inaccuracy), the main reason for geo-routing failures is the 

difference between the real network topology and the topology seen by the nodes (as their knowledge 

is not accurate). We call the first topology physical and the second one: logical. The problem is that 

sometimes the nodes that according to their logical topology should hear each other, are not able to 

communicate because there are too distant from each other in reality. It is also possible to receive a 

message that should not be received, according to the logical topology known by nodes. The routing 

failures are caused, in general, by two factors. Firstly, some of the nodes in the logical vicinity of the 

active node cannot hear its messages. Secondly, the nodes that would solve the loop situation, often 

have to respond with an Invalid CTS because of their location information.  

 

In Fig. 16 a typical loop situation is explained. In Fig. 16a the real location of the nodes is presented 

together with the communication ranges of the nodes A and C. In Fig. 16b the logical topology is 

depicted. If the nodes knew their real positions, the algorithm would follow the path ACBEFGD. But as 

the known topology is different, the node A is sending a data message to the node C. Then, as the node 

C occurs to be the concave node, recovery mechanism is launched. Normally, C would find a path to the 

node B directly, as it is able to communicate with it. As the node B is violating the Gabriel graph 

condition, it responds with an Invalid CTS and node A is the one that receives the message. Now, the 



message should be forwarded to the node B, following the AR protocol. But as the node B is not in the 

range of the node A, the message cannot be delivered. As there are no other nodes, the messages is 

sent back to the node C. Although the node C is able to reach the node B, the node B responds with an 

Invalid CTS again, as it lies beyond the previous hop node. The message is sent back to the node A. Next, 

the node A sends it back to the node C, and the situation repeats. 

 

 
Figure 16. A typical loop situation in the second scenario: a) real nodes locations, b) estimated nodes positions due to the 

localization inaccuracy. Circles in the first picture indicate the communication ranges of the nodes A (solid circle) and C 

(dashed circle). In the picture b) nodes laying beyond the dashed line are the nodes laying beyond the node A (being the 

previous hop node), and respond with an Invalid CTS when the node C is an active node in the AR mode. 

 

In Fig. 17, a different scenario is presented, yet can be described as the special case of the first 

exemplary situation. The nodes are located as indicated in Fig. 17a, but due to the localization 

inaccuracy the information possessed by the nodes is that node A is closer to the destination than node 

B (Fig. 17b). What is more, the node A can communicate with nodes S and B, and B can communicate 

with nodes A and C only (because of their communication ranges). When the node S wants to forward a 

data message using greedy routing algorithm it passes it to the node A. Then, the node A does not 

receive any response to the greedy RTS message (as B thinks that is located further from the destination 

than A), and switches to the AR mode. In the recovery mode the message is forwarded to the node B. 

This node could send the message to C, and thus find a way out from the situation, but according to its 

information, the node C is located beyond the previous hop (the node A), and it responds with an Invalid 

CTS. As no one replies with a valid CTS, the node B resends the message back to the node A. Then, the 

node A continues in AR mode and could send the message back to the node S, but the node S sends an 

Invalid CTS due to the same reason as the node C in the previous step, i.e. having the previous hop in 

their Gabriel circle (so they think, thanks to the location inaccuracy). So the message gets back to the 

node A, that later forwards it to the node B and that is where the loop occurs. 

 

 
Figure 17. A possible loop situation in the second scenario: a) real nodes locations, b) estimated nodes positions due to the 

localization inaccuracy. Circles in the first picture indicate the communication ranges of the nodes A (dashed circle) and B 

(solid circle). 

 

A typical loop situation occurring in the third scenario (with channel fadings) is presented in Fig. 18. The 

source node S sends a message to the destination node D. By using the AR algorithm, the message 



travels to the node A, and then the node B. Due to channel fadings, the node C cannot hear the node E 

(and vice versa). The next steps are as follows: 

 

1. The node B sends an RTS message, and the node E responds with CTS first. 

2. The node B sends a Select message indicating the node E is the selected one. 

3. The node C learns from that message that the node E is selected and protests because it violates the 

Gabriel circle G(E,B). 

4. The node C is the last protesting so the node B forwards the data message to it. 

5. The node C sends an RTS message. 

6. The node E does not hear the RTS message and does not respond with a valid CTS, as it should. 

7. The node F responds, the node C sends a Select message, and as there are no protests the node F 

becomes the next hop, which is wrong, because the node E should be chosen as the next hop. 

8. The node F sends an RTS message, the node E responds with a CTS message, a Select message is sent 

by the node F, and as there are no protests the node E becomes the next hop. 

9. Then the node E sends an RTS message, the node B responds with a valid CTS, and the node E sends a 

Select message saying that the node B is the next hop. 

10. As the node C cannot hear that message, it does not protest, and the message is wrongly forwarded 

to the node B. 

11. The node B chooses as its next hop the node C again, and the situation repeats. 

 

Because of channel fadings, the nodes E and C cannot hear each other. Due to that reason, the Gabriel 

graph condition is violated and wrong edges are chosen, as indicated in steps 7 and 10 listed above. The 

first problem, in the step 7, is that the node E should respond first with a valid CTS, but as it could not 

hear the RTS message it did not respond. The second problem, in step 10, is that the node C did not 

protest, because it could not hear the select message sent by the node E. 

 
Figure 18. A loop occurs when the node C instead of sending a message to E, sends it to the node F, and later the node E, 

instead of sending the message to C, sends it to B. 

 

 

4.2. Algorithm modifications 

 

As the algorithm does not guarantee data delivery in networks with localization inaccuracy nor in 

networks with transmission channel fadings, there can be proposed some modifications to increase its 

reliability. In this subsection, we explain proposed modifications, it was also successfully implemented 

and tested, as described in Section 5. The modification is proposed regarding the possible solution to 

the problem presented in Fig. 17 but it is also an answer to other loop-prone situations. 

 



The problem occurred when two nodes were wrong about their position in relation to each other and 

the destination node. Although there was another node closer to the destination (node C in Fig. 17) it 

was not reachable by one of the nodes, and not valid for the second node (according to the AR 

algorithm). 

 

The proposal to solve this problem is to send information about the concave node in RTS messages, so 

that switching from the AR mode into greedy mode would be possible in the first step of the AR 

algorithm, not only after receiving the data message, as was suggested previously. The nodes able to do 

that would be only those, that would normally send an Invalid CTS message, as that would be a solution 

to the problem presented. Every node willing to send an Invalid CTS message would also check its 

position in relevance to the destination node and the concave node. If the node is located closer to the 

destination, it would send to the active node a message indicating that fact all together with a timer 

value counted on the same basis as in the greedy mode. The active node would collect all requests of 

that type, and send a Data Message to the one with the lowest timer value. Two new message types 

needed to be introduced for algorithm to work properly are as follows: 

 

1. Immediate CTS Message sent by a node immediately after receiving an RTS message, when is closer to 

the destination node than the concave node. 

2. Cancel Message sent instead of the Select Message so that all of the nodes that had a CTS timers on, 

would cancel them. 

 

As the Immediate CTS messages would be sent without waiting for any timer expiration (just as the 

Invalid CTS messages), the active node has to know how long it has to wait before choosing the best of 

the neighbours and sending a Cancel Message. The secure solution is to wait for the first valid CTS 

message or till the selection phase timer expires. 

 

 

5. Computer simulations of the modified algorithm 

 

After introducing the modification to the geo-routing algorithm, tests of the algorithm were performed 

for all scenarios listed previously. While for the scenario I, the results are exactly the same as before 

(new types of messages were not needed even once), there are some significant changes in the 

algorithm efficiency for other scenarios. As the simulations show, the number of errors for some 

network densities can be reduced down even to 35% of the amount of errors in the original algorithm. 

 

The routing delivery rates for the second scenario (localization inaccuracies), are shown in Figs. 19-21. A 

slight improvement of the packet delivery rate can be observed for three sub-scenarios. The mean 

algorithm cost and message complexity curves are not presented, their values are practically the same 

as without the routing modification.  

 



 
Figure 19. Delivery rate of the original and modified algorithm in the second simulation scenario with 5 metres localization 

inaccuracy. 

 
Figure 20. Delivery rate for the second scenario with 10 metres inaccuracy. 

 

 
Figure 21. Delivery rate for the second scenario with 15 metres inaccuracy. 

 

For the third scenario (wireless fadings), the delivery rate is significantly improved (compared to the 

results of the second scenario) for the whole range of network densities (Fig. 22). We present also the 

charts of the mean algorithm cost (Fig. 23) and the message complexity (Fig. 24) which are very similar 

to the ones for original algorithm. The noticeable increase exists for the network densities of about 130 

nodes/km
2
. 



 

 
Figure 22. Delivery rate for the scenario with wireless fadings. 

 

 
Figure 23. Mean algorithm cost for the scenario with wireless fadings. 

 

 
Figure 24. Message complexity for the scenario with wireless fadings. 

 

In Figures 25-27 the delivery rates for the fourth scenario are presented for all localization inaccuracy 

values. The mean algorithm cost and message complexity figures are not presented due to the fact that 



they overlay with the original results (no routing modification) almost completely. The algorithm 

parameters improved for the whole range of densities of the tested networks. The improvement in 

performance is the biggest among all scenarios. 

 

 
Figure 25. Delivery rate for the fourth scenario with 5 m localization inaccuracy. 

 

 
Figure 26. Delivery rate for the fourth scenario with 10 m localization inaccuracy. 

 

 
Figure 27. Delivery rate for the fourth scenario with 15 m localization inaccuracy. 

 



Additionally, the percentage of the routing failures solved by the proposed algorithm modification is 

depicted in Fig. 28. For the third case of fourth scenario the biggest percentage of errors was solved, 

that is 9,93%. What is noticeable is that the best results are for the scenario where both localization 

inaccuracy and channel fadings were introduced. Another thing is that even though in the second 

scenario with the growth of the localization inaccuracy deviation value the percentage of errors solved 

decreases, in the fourth scenario the relation is opposite. 

 

 
Figure 28. Percentage of the routing failures solved by the algorithm modification. 

Although the routing algorithm modifications were made basing on one special kind of errors occurring 

for the location inaccuracy scenario, they gave the best results in the third scenario, where channel 

fadings were implemented, i.e. more than 9% of all errors were solved and for high densities even 45%. 

For the second scenario the percentage of the errors solved was smaller and smaller, as the localization 

inaccuracy grew. This is due to the facts that the routing loops occurring due to the situation presented 

in Fig. 17 are fairly rare. The important thing to notice is that although the modification complicated the 

algorithm (two extra types of messages), the mean algorithm cost and message complexity in general 

remain on the same level. 

 

 

6. Conclusions 

 

In this paper the performance of beaconless geo-routing algorithms was verified in realistic network 

conditions, i.e. when nodes did not know their exact positions (only approximated ones) and when 

wireless fadings occurred. It was shown that the algorithms that are known to always deliver the 

packets to their destinations when the conditions are perfect, i.e. the greedy routing combined with 

Angular Relaying, cannot guarantee the packet delivery in real situations.  

Then, a new modification to the Angular Relaying was proposed and tested. It was shown that with two 

new types of routing messages, the packet delivery ratio can be significantly improved in unreliable 

networks. At the same time the algorithm modification did not increase its mean algorithm cost neither 

the message complexity, which directly influence the battery usage of nodes. Even though the modified 

algorithm does not guarantee delivery in the conditions mentioned, it is a first step in that direction, 

showing others a way to propose further improvements.  
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