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Abstract— Wireless Sensor Networks (WSN) are networks 

that consist of sensors which are distributed in an ad hoc 

manner. These sensors work with each other to sense some 

physical phenomenon and then the information gathered is 

processed to get relevant results. Wireless sensor networks 

consist of protocols and algorithms with self-organizing 

capabilities. It use broadcast nature to communicate with 

other sensors & collect information, process it and send it to 

base station. Opportunistic routing is based on the use of 

broadcast transmissions to improve the network throughput 

and increases transmission reliability as compare to 

traditional routing. This is usually achieved by ordering the 

forwarding nodes according to some criteria. In 

opportunistic routing, intermediate nodes take participation 

to packet forwarding in a localized and consistent manner. 

This paper gives an overview on different Multihop and 

Geographic Opportunistic routing protocol which use 

different metric to efficiently deliver a packet from source to 

destination which either minimize Energy Consumption, 

End to End delay and Increases the throughput. 
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I. INTRODUCTION 

Routing is crucial in wireless ad hoc as well as sensor 

networks. The tasks of routing include route selection and 

packet forwarding. Route selection is to select one or more 

routes connecting a pair of nodes. Packet forwarding makes 

a one-hop decision on which neighbor should be chosen for 

forwarding a packet along the selected routes. 

Traditional routing use predefined best path to 

deliver a message from source to destination before 

transmission start and use fixed neighbor to forward a 

packet to each node. Best path choose in traditional routing 

dependence on, costs of the links that they traverse. 

Examples of costs are the number of hops in the path, the 

probability of packet loss, the estimated delay along the 

path, But this strategy does not work to achieve a stable 

performance for  Wireless Sensor network .As  Wireless 

Sensor network is get affected by various factors, like 

fading, interference, and  multipath effects which cause 

heavy packet loss. This problem is overcome by using 

Opportunistic Routing. Opportunistic Routing use 

advantages of the broadcast nature of wireless 

communications for communicating between source and 

destination advantages of the broadcast nature of wireless 

communications for communicating between source and 

destination [1]. 

II. METRICS USED IN OPPORTUNISTIC ROUTING PROTOCOLS 

One of the advantages of employing Opportunistic routing is 

reducing the expected number of data transmissions, which 

logically represents the number of data transmissions 

required over the entire network to deliver a data packet 

from the source to the destination. The total latency, jitter, 

and energy consumption will be enhanced if the number of 

transmissions is decreased[2].Hence the role of good metric 

must be important for selection of next forwarder for data 

packet from source to destination. 

Generally, Opportunistic routing metrics are 

classified as local and end-to-end (topology-based) metrics. 

In local metrics, the selection and prioritization of the next 

hop forwarders are done by using the information of 

neighboring nodes, such as their geographical distance or 

link delivery probability. On the other hand, end-to-end 

metrics employ the information of the whole network to find 

out the best forwarders and form the candidate set. 

A. Local Opportunistic Routing Metrics 

The local metrics are only based on the information of 

neighboring nodes. One of the simplest geographical local 

metrics is Distance Progress (DP) which is shown in 

Equation 2.1 

 (2.1)  

 Where DPci is the distance progress of the 

candidate ci, Distance (src, dst) is the geographical distance 

between the source and the destination, and Distance(ci ,dst) 

is the geographical distance between the candidate i th and 

the destination. The drawback of DP metric is that it only 

considers the geographic position of the nodes as the 

parameters for its metric calculation. It is obvious that this 

simple metric will work well in the network with lots of 

forwarding nodes and when there is no limitation and 

constraint for choosing candidate set. 

Another metric called Expected Distance Progress 

(EDP)[3]. It calculates the expected distance progress of 

sending a packet by using a set of forwarding candidates. 

Equation 2.2 shows the EDP metric formula 

  (2.2) 

EDP considers both the node geographical 

positions and link delivery probability to reach them as an 

enhanced OR metric over candidate set. 

B. End-To-End Opportunistic Routing Metrics  

End-to-End metrics consider whole network information 

from the sender node to the destination in order to calculate 

the metrics. Number of hop up to the destination is one of 

the simplest and easiest metrics that adapts well in 

traditional routing. 

An Expected number of transmission or ETX  is 

another topological metric that is used in traditional routing 

as well [4]. It calculates the number of transmissions 

required to reliably send a packet across a link including re-

transmissions. As shown in Equation 2.3 
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          (2.3) 

Where Pi;j is the link delivery probability between 

node i and j. 

ETX metrics do not adapt well in opportunistic 

concept because they were initially proposed for traditional 

routing, and they only consider one path to the destination. 

Simulation results show that using ETX may decrease the 

performance of Opportunistic Routing[5]. 

Another metric Successful Transmission Rate 

(STR), which considers multiple links instead of only one. It 

is more suitable for the opportunistic concept due to the fact 

that in OR the packet can be received and transmitted by the 

multiple candidates, and it may traverse along several paths 

toward the destination[6]. Equation 2.4 displays the 

recursive formula of STR metric where Pi;j  is the link 

delivery probability between node i and j. 

2.4 

III. MULTI-HOP OPPORTUNISTIC ROUTING PROTOCOLS 

A. Extreme Opportunistic Routing (ExOR) 

The idea of the OR scheme has been proposed by D. S. J. 

De Couto, D. Aguayo, J. Bicket, and R. Morris in Extreme 

Opportunistic Routing (ExOR) [7].Which considers the 

overhearing of the nodes in wireless multihop networks. 

ExOR improves routing performance by integrating layer 

two and three of network layers together. The source node 

indicates a list of available candidates which are closer to 

the destination than the source to forward the packet and 

prioritizes the forwarders based on expected number of 

transmission (ETX) to the to the destination. ETX has a 

direct relation with the distance of the nodes. Then, the 

shorter distance between forwarder and the destination 

means higher ETX and higher priority to forward the packet. 

All the packets are transmitted in form of broadcasting, and 

a forwarder will transmit the packet as long as its ID exists 

in the forwarder list of the packet and it has not heard the 

same packet from higher priority forwarders. 

ExOR has a good performance, especially in static 

multihop wireless networks, but the main drawback of that 

is related to the coordination part where low quality link 

connections or mobility of the nodes lead them to decide 

incorrectly for transmitting and that causes duplicated re-

transmissions in coordination part. 

B. Simple Opportunistic Adaptive Routing (SOAR) 

E. Rozner, J. Seshadri, Y. Ashok Mehta has proposed 

protocol called Simple Opportunistic Adaptive Routing 

(SOAR) has been proposed in order to reduce the number of 

duplicated transmissions [8]. 

SOAR employs the close candidates along the 

shortest path to make sure that they can overhear each other. 

Therefore, all of the selected candidates can hear their 

transmissions with high probability, and there is no more 

duplication issues. Similar to ExOR, SOAR uses the ETX 

metric as a cost of the wireless links and runs the shortest 

path algorithm to find out the shortest path from the source 

to the destination. For the candidate selection part, it 

considers the nodes close to the shortest path as forwarding 

candidate. In addition, SOAR pays attention to the link 

delivery probabilities among the candidates to make sure 

that it is not too low for overhearing. The timer-based 

mechanism is used for the coordination part. Also, the 

sender sends cumulative Ack to notify the sender about the 

receiving of the packets and adjust the transfer rate. Then, 

based on this Ack, the sender can vary its transmission rate.  

C. Opportunistic Any-Path Forwarding (OAPF) 

In ExOR, only ETX is taken into consideration for choosing 

the forwarders, which may cause selection of the nodes with 

low delivery ratio to them. To address this issue, 

Opportunistic Any-Path Forwarding (OAPF) protocol 

proposed by Z. Zhong, J. Wang, S. Nelakuditi which contain 

a new metric which is called expected any-path count 

(EAX). It uses a recursive formula to calculate the optimal 

forwarder set at every hop toward the destination [9].The 

disadvantage of this protocol is the time complexity of its 

calculation at each of the nodes. Although it leads us near to 

an optimal path in opportunistic approach, it needs to have 

the information of the whole path up to the destination. 

Therefore, it is not suitable for the hop by hop approach 

such as mobile scenarios. 

D. Least-Cost Opportunistic Routing (LCOR) 

H. Dubois-Ferriere, M. Grossglauser, and M. Vetterli 

proposed a Least-Cost Opportunistic Routing (LCOR) to 

minimize the cost of routing from the source to the 

destination in terms of opportunistic scheme [10]. Author 

proposed an idea of optimum candidate selection. Optimum 

term refers to the candidate selection that minimizes the 

expected number of transmissions via perfect candidate 

forwarding selection. 

Basically, LCOR is the extension of the well-

known Bellman-Ford algorithm. In general, the goal of this 

optimum protocol is to find an optimal candidate set to 

minimize the total number of transmissions. To address this 

goal, LCOR employs the EAX metric as an end-to-end 

metric. The algorithm performs recursively at each hop to 

figure out all of the possible cases of the candidate set. 

Hence, it is going to be time consuming at the network with 

lots of nodes. High computational costs of dense networks 

can be considered as the other drawback of this protocol. 

E. MAC-independent Opportunistic Routing and Encoding 

Protocol (MORE)  

MAC-Independent Opportunistic Routing and Encoding 

Protocol (MORE) employs the advantages of network 

coding in order to solve the duplication issue of ExOR 

protocol[11].In this protocol author S. Chachulski, M. 

Jennings, S. Katti proposed an idea that Source node 

generates coded packet by random linear combination of the 

K native packets in the one batch. It starts to send a coded 

packet until it gets an acknowledgement for all of the 

packets in the batch. Then, it proceeds to the next batch. 

Packets are always sent in coded format, which contain a list 

of capable forwarders and code vector to indicate the 

combination process. Once the coded packet is received by 

the forwarder node, it will check whether it is a new or old 

one. In case of a new packet, it will transmit the packet after 

decreasing the counter, which is calculated, based on the 

expected number of transmissions. 
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If the counter reaches zero, the packet will be 

dropped. After receiving the packet by the destination, it 

decodes the whole batch and sends back an ACK to notify 

the sender to shift to the next batch. Simulation results 

illustrate that using concept of network coding significantly 

reduces the number of duplicated packets when compared to 

ExOR protocol. 

F. Coding-aware Opportunistic Routing mechanism and 

En- coding (CORE) 

Similar to MORE protocol, author Y. Yan, B. Zhang, H. T. 

Mouftah proposed, Coding-Aware Opportunistic Routing 

Mechanism (CORE) which employs a combination of 

opportunistic routing and localized inter-flow network 

coding concept. In CORE, the neighboring node with the 

highest coding gain is chosen to forward the packet. It tries 

to maximize the payload that can be sent over one batch. A 

packet holder forwards a packet to the next hop by changing 

the code among its forwarder set in such a recursive way 

that improves coding throughput. Geographical distance 

progress is used to calculate the metric. Timer-based 

coordination method with help of networking coding is 

responsible for coordination phase. This mechanism leads us 

to significant improvement in packet delivery with little 

extra overhead [12]. 

G. NC(XC) Opportunistic Routing (XCOR) 

The other type of OR protocol that employs the inter flow 

network coding concept is called XCOR [13]. It tries to find 

the forwarding candidates by using the ETX metric along 

the shortest path from source to the destination. At each hop, 

the node with the best ETX to the destination forwards the 

packet immediately. Meanwhile, the other candidates use a 

timer-based method based on their priority for waiting. 

Then, every forwarding node periodically sends a reception 

report to alert its neighbors about the packets it has already 

received. According to these reports and flows that cross 

from each node, XCOR calculates the utility of each 

possible combination of the packets of the different flows to 

distinguish one with the best effective utility. Authors D. 

Koutsonikolas, Y. Charlie Hu proposed a heuristic algorithm 

for computing the utility of the flows in order to reduce the 

computation cost. 

IV. GEOGRAPHIC ROUTING PROTOCOLS 

Geographical information based routing protocols are 

supported by the assumption that each node has some 

knowledge about its position and the others nodes positions. 

One-hop beacon messages or Hello message including the 

source’s coordinates are usually exchanged in order to 

maintain an updated location based table. In order to access 

to further nodes, a location services is necessary. The 

location service provides any node’s coordinates, even when 

the node is not in the neighbourhood. 

A. Contention-Based Forwarding (CBF) 

Contention-Based Forwarding (CBF) is one of the simplest 

Geographically Opportunistic Routing methods proposed by 

H. Fuler, J. Widmer, M. Kasemann, M. Mauve [14]. CBF is 

a receiver-based protocol that does not need hello or beacon 

messages to distinguish the neighboring nodes and candidate 

sets. In CBF, the sender knows the position of itself and the 

destination via GPS and location server. Once the sender 

wants to transmit a packet to the destination, it inserts the 

information of its location and destination's location into the 

packet and broadcasts the packet. After receiving the packet 

by neighboring nodes, each neighbor schedules a timer to 

forward the packet according to the Equation 2.6 and 2.7 

where DPci is the distance progress of i th candidate  , “ τ”   

is the constant amount, and R is the radio transmission 

range. Thus, the closer to the destination, the shorter the 

expiration timer. Meanwhile, if the node overhears the same 

packet from other candidates, it will cancel the timer and 

drop the packet. Accordingly, CBF can be classified as a 

timer-based approach. Note that only candidates closer than 

the source to the destination participate in CBF algorithm. 

DPci = Distance (Src,Dst)-Distance (Ci-Dst)  (2.6) 

Time to Send =  τ  x  (1- DPci)  2.7 

There are some defeats for this protocol. First, it 

will face duplicated transmission as long as the candidates 

cannot overhear each other. Second, there is no limitation 

for the maximum number of forwarding candidates, which 

causes complexity in the coordination phase. Third, 

throughput of CBF is considerably dependent on the number 

of the forwarding nodes over the network.  

B. Geographic Opportunistic Routing (GOR) 

Geographic Opportunistic Routing (GOR) is a geographic 

Opportunistic Routing protocol, proposed by K. Zeng, W. 

Lou, J. Yang, and D. R. Brown [15]. They have proposed 

the EOT metric to evaluate the local behaviour of the nodes 

in GOR. The EOT is responsible for considering the 

coordination overhead among the candidates. GOR inserts a 

new node into the candidate set in a greedy manner without 

changing the priorities of already selected forwarding 

candidates. It tries to maximize the EOT at each hop. Ack-

based method is employed for coordination part of GOR. 

Disadvantage of GOR protocol is not efficient for 

provisioning of the energy efficiency and computation delay 

at each hop. 

C. Geographic Random Forwarding (GeRaF) 

Author M. Zorzi and R. R. Rao proposed geographical 

opportunistic forwarding protocol called as Geographic 

Random Forwarding (GeRaF) is a [16]. It uses location 

information to prioritize the eligible forwarders in the 

candidate forwarding set. Each packet contains the position 

of the source and the destination. Only those reachable 

nodes closer to the destination than the source node are 

eligible to forward the packet. Then, these neighboring 

nodes are prioritized based on their distances to the 

destination. It employs RTS-CTS mechanism in hop-by-hop 

manner to forward the packet. Although GeRaF is simple to 

implement and use, it is more suitable for dense networks. 

Time to access location server for getting the position 

information of the nodes is considered as another drawback 

of this protocol. 

D. Position-based Opportunistic Routing (POR) 

Position-based Opportunistic Routing (POR) has proposed 

by Sh. Yang, F. Zhong, Ch. Yeo, B. Lee, in [17]. In POR, 

Nodes get their location by using their GPS and broadcast it 

to their neighbours via hello messages periodically. Once 

the sender needs to send a data packet to the destination, it 

puts its candidate set in the packet header and broadcasts it. 
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Note that, the candidate set can be calculated in active or 

passive mode by using the DP metric, as mentioned in 

Equation 2.1. It means that the closer the node gets to the 

destination, the higher priority in the candidate set selection 

and prioritization phase. After receiving the packet by the 

other nodes, if their ID does not exist in the header, they 

simply drop the packet. Otherwise, a timer-based candidate 

coordination method is employed to determine which one 

has to forward the packet. These hello messages for 

updating neighbouring nodes information can be considered 

as the only overhead of this protocol. 

In addition, some modifications need to be done at 

MAC layer to use the broadcast concept of OR in better 

way. The authors in [17] have shown that POR has better 

performance compared to Ad Hoc On-Demand Distance 

Vector (AODV) as a traditional routing and Greedy 

Perimeter Stateless Routing (GPSR)  as a well-known 

wireless routing. The main drawback of this simple protocol 

is that it only considers the closeness to the destination as a 

good metric and does not observe other factors such as link 

delivery probability. 

E. Distance Progress Opportunistic Routing (DPOR) 

In contrast to POR protocol which only considers the 

closeness of the nodes to the destination, in Distance 

Progress Opportunistic Routing (DPOR). Author A. 

Darehshoorzadeh and L. Cerd_a-Alabern consider both the 

geographical position of the nodes and link delivery 

probability to them are taken into consideration [18]. 

In other words, the sender tries to find candidates 

that are closer to the destination than itself, and their link 

delivery ratio is not too low. DPOR uses the EDP metric to 

calculate the set of candidates that maximize the EDP 

amount. Each sender does the same metric calculation until 

there are no more desirable candidates or the number of 

candidates reaches the maximum number. The authors in 

[18] evaluate the performance of DPOR with three other 

algorithms (ExOR, OAPF, and MTS), and they show that 

the performance of DPOR is close to the optimal algorithm 

and is much better than the other ones in terms of the 

expected number of transmissions. However, DPOR only 

focuses on the candidate selection part and it assumes 

perfect coordination in the candidate coordination phase. 

Hence, this can be a defect to evaluate the performance of 

the whole protocol. 

V. CONCLUSION 

Opportunistic routing protocols improve the wireless 

network performance by using the broadcast nature of the 

wireless sensor network and by selecting the appropriate 

forwarding list. This paper reviewed some of the OR routing 

protocols based on Multi-Hop and Geogprahic information. 

REFERENCES 

[1] Chung-Ming Huang, Kun-chan Lan and Chang-Zhou 

Tsai  “A Survey of Opportunistic Networks” 22nd 

International Conference on Advanced Information 

Networking and Applications 978-0-7695-3096-3/08 © 

2008 IEEE 

[2] A. Boukerche A. Darehshoorzadeh. Survey paper: 

Opportunistic routing protocols in wireless networks: A 

performance comparison. WCNC, 2013. 

[3] A. Darehshoorzadeh and L. Cerd_a-Alabern. Distance 

progress based opportunistic routing for wireless mesh 

networks. In Wireless Communications and Mobile 

Computing Conference (IWCMC), 2012 8th 

International, pages 179{184, 2012}  

[4] D. S. J. De Couto, D. Aguayo, J. Bicket, and R. Morris. 

A high-throughput path metric for multi-hop wireless 

routing. Wireless Networks, 11(4):419{434, 2005. 

[5] M. Lu and J. Wu. Opportunistic routing algebra and its 

applications. In IEEE INFOCOM, pages 2374-2382, 

2009. 

[6] Y. Li, Y. Liu, and P. Luo. Link probability based 

opportunistic routing metric in wireless network. In 

Communications and Mobile Computing, 2009. CMC 

'09. WRIInternational Conference on, volume 2, pages 

308{312, January 2009. 

[7] D. S. J. De Couto, D. Aguayo, J. Bicket, and R. Morris. 

A high-throughput path metric for multi-hop wireless 

routing. Wireless Networks, 11(4):419-434, 2005. 

[8] E. Rozner, J. Seshadri, Y. Ashok Mehta, and L. Qiu. 

Soar: Simple opportunistic adaptive routing protocol for 

wireless mesh networks. IEEE Transactions on Mobile 

Computing, 8(12):1622{1635, 2009}. 

[9] Z. Zhong, J. Wang, S. Nelakuditi, and G. Lu. On 

selection of candidates for opportunistic anypath 

forwarding. SIGMOBILE Mob. Comput. Commun. 

Rev., 10(4):1{2,2006} 

[10] H. Dubois-Ferriere, M. Grossglauser, and M. Vetterli. 

Least-cost opportunistic routing. In Proceedings of 

2007 Allerton Conference on Communication, Control, 

and Computing, 2007. 

[11] S. Chachulski, M. Jennings, S. Katti, and D. Katabi. 

Trading structure for randomness in wireless 

opportunistic routing. In SIGCOMM '07: Proceedings 

of the 2007 conference on Applications, technologies, 

architectures, and protocols for computer 

communications, pages 169{180, New York, NY, USA, 

2007.  

[12] Y. Yan, B. Zhang, H. T. Mouftah, and J. Ma. Practical 

coding-aware mechanism for opportunistic routing in 

wireless mesh networks. In Communications, 2008. 

ICC '08. IEEE International Conference on, pages 2871 

May 2008.  

[13] D. Koutsonikolas, Y. Charlie Hu, and Ch. Wang. Xcor: 

Synergistic inter-flow network coding and opportunistic 

routing. In ACM MobiCom'08 SRC, 2008. 

[14] H. Fuler, J. Widmer, M. Kasemann, M. Mauve, and H. 

Hartenstein. Contentionbased forwarding for mobile ad 

hoc networks. Ad Hoc Networks, 1(4):351 - 369, 2003. 

[15] K. Zeng, W. Lou, J. Yang, and D. R. Brown. On 

Throughput Efficiency of Geographic Opportunistic 

Routing in Multihop Wireless Networks. Mobile 

Networks and Applications, 12(5-6):347-357, April 

2008.  

[16] M. Zorzi and R. R. Rao. Geographic random 

forwarding (Geraf) for ad hoc and sensor networks: 

multihop performance. Mobile Computing, IEEE 

Transactions on, 2(4):337-348, Oct.-Dec. 2003. 

[17] Sh. Yang, F. Zhong, Ch. Yeo, B. Lee, and J. Boleng. 

Position based opportunistic routing for robust data 

delivery in manets. In Proceedings of the 28th IEEE 

conference on Global telecommunications, 



A Survey on Multihop and Geographic Opportunistic Routing Protocol in Wireless Sensor Network 

 (IJSRD/Vol. 3/Issue 09/2015/141) 

 

 All rights reserved by www.ijsrd.com 582 

GLOBECOM'09, pages 1325{1330, Piscataway, NJ, 

USA, 2009. IEEE Press.  

[18] A. Darehshoorzadeh and L. Cerd_a-Alabern. Distance 

progress based opportunistic routing for wireless mesh 

networks. In Wireless Communications and Mobile 

Computing Conference IWCMC 2012 8th International, 

pages 179-184, 2012.  


