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Abstract: AODV is a kind of on-demand distance vector routing protocols, in the light of the characteristics of 
AODV (Ad hoc On Demand Distance Vector ), AODV was revised in the paper, and on the basis of it, a kind of 
multipath AODV reliable data transmission routing algorithm based on LQI (LBM_AODV) was put forward. 
The algorithm mainly revised AODV protocol from the link information extraction, RREQ and RREP 
forwarding and processing and so on, and link quality and battery monitoring was increased when routing 
discovery was implemented by AODV routing protocol. In order to reduce routing failures that were caused due 
to nodes failure, the disjoint multipath of node was adopted, at the same time, the routing metric model 
RMBLQICV that was put forward by our research group was taken into account, so the optimal configuration of 
primary path and backup path were obtained. Finally, the LBM_AODV agreement was verified by experiment. 
The experimental results has shown that the LBM_AODV algorithm was used to data transmission, and the 
merits of the path can be effectively evaluated, the reliability of data transmission can be ensured, the energy 
consumption was saved too. Copyright © 2014 IFSA Publishing, S. L. 
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1. Introduction 
 

AODV is a kind of on-demand distance vector 
routing protocols, in the network, each node 
generally sent routing request information when 
communication was needed, instead of routing 
information was exchanged periodically. Therefore, a 
node can only maintain routing information that 
source node needs, and the entire network topology 
information don’t need to know. AODV can well 
adapt to changes in the network and can effectively 
reduce memory requirements, and don’t need to 
maintain some useless routing, thus energy 
consumption was reduced, and loops were effectively 
avoided by using the serial number of the destination 
node. When the route was discovered, routing 
information that sent didn’t need to carry path 
information, and can greatly reduce traffic and save 

bandwidth. When routing link appears broken, 
AODV also supports two routing maintenance 
program, namely, local recovery and restoration of 
source node, and can ensure effective data 
transmission in some extent [1]. In the stage of 
routing response, AODV replied route request 
message RREQ that was the first to reach, and sends 
a route reply message RREP, but the nodes on this 
path is likely to sport a very intense and links were 
unstable, data transmission was prone to break, and 
resulted in information transmission failure [2]. 
Meanwhile, AODV is a single-path routing protocol, 
which only maintain a path from the source node to 
the destination node, if the damaged path is not 
repaired, we must re-find a new route. However, each 
route request can only determine a transmission path, 
so the routing request information was underutilized 
to a certain extent. Therefore, according to the 
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characteristics of AODV, the link quality and battery 
monitoring were increased in AODV routing protocol 
when routing was found in this paper, and the AODV 
was revised to multipath routing, combined with the 
literature [3] and [4] mentioned disjoint node 
technology, the node-disjoint multipath was adopted 
to reduce the possibility of failure that caused due to 
routing node failure. According to the literature [5], 
LQI can effectively measure the link quality, the 
proposed routing metric model RMBLQICV can 
effectively evaluate the merits of the route, and can 
reflect the stability of the link quality. Therefore, in 
the paper, on the basis of revised AODV, combined 
with LQI and routing evaluation model RMBLQICV, 
the transmission link and multipath were evaluated 
respectively, and a multi-path AODV reliable data 
transmission routing algorithm LBM_AODV based 
on LQI was proposed. 
 
 

2. Correction of the AODV Algorithm 
 

For AODV protocol amendment, this section 
focused on several aspects of the link information 
extraction, RREQ and RREP forwarding and 
handling and so on, and the unmodified parts still 
follow the method of the original AODV. 
 
 

2.1. Link Information Extraction 
 

Before the beginning of the route request, nodes 
need to understand the link information between 
neighboring nodes. The network initialization phase 
was increased, each node sent the probe frames to its 
neighbors, and two-way link quality information 
between neighboring nodes was obtained. 
Relationship between the packet reception rate and 
LQI was obtained according to the literature [5], and 
the relationship was obtained by calculating the mean 
value of about 40 LQI, so we obtained link quality 
information by sending 40 probe frames. The 40 LQI 
values are extracted from each node to their neighbor 
nodes in order to calculate the average of these values 
LQI, then each node stored link quality from 
neighbor nodes to itself, it was shown in Fig. 1. 

If B received probe frames from A, and B can 
extract the link quality information by probe frames, 
thereby the communication link quality information 
LQIgo from A B was obtained, and A obtained 
information LQIback from B to A too. After the link 
quality information between neighbor nodes was 
obtained, and this information should be sent to 
neighbor nodes, thus can ensure that each node can 
store two-way link quality information with neighbor 
nodes. The link quality information table was 

established between each node, and it comprised of 
the neighbor node ID and bidirectional link quality of 
the neighbor nodes. 
 
 

A B

LQIgo

LQIback  
 

Fig. 1. Schematic diagram of bidirectional link quality. 
 
 

2.2. RREQ Broadcasting, Processing  
and Forwarding 

 

AODV adopted RREQ frame format, the source 
node sent RREQ to its neighbor nodes, each route 
request message RREQ was uniquely identified by 
the source node ID and RREQ ID. And loops was 
still avoided by the destination node serial number, 
the destination node sequence number was larger 
than or equal to the sequence number of RREQ. If the 
intermediate node received RREQ that the source 
node ID and RRED ID are the same, then the route 
request message was discarded, and wasn’t 
processed. However, in order to find disjoint 
multipath for multiple nodes, these duplicate RREQ 
information were recorded, RREQ table was 
increased in the nodes, and it has shown in Fig. 2. 
The information that RREQ contained was recorded 
in the table, and RREQ was repeated or no-repeated, 
the information included source node ID, destination 
node ID, neighbor node ID, link quality LQIgo and 
LQIback between each node and its neighbor nodes, 
the hops number and the life cycle of neighbor nodes 
and the battery power of neighbor nodes. 

If RREQ of neighbor node was received, then the 
battery power and the corresponding link quality of 
neighbor node need be monitored. In this paper, the 
CC2430 node was chosen, which can monitor its own 
electricity. According to the literature [5] analysis, 
the node voltage can not be lower than the normal 
operating voltage, the quality of the communication 
link was stable and reliable when nodes worked 
within the normal voltage range, if the node battery 
power didn’t reach the minimum threshold, and the 
neighbor nodes weren’t recorded. And RREQ could 
do the appropriate follow-up treatment when link 
quality of neighbor nodes was greater than a certain 
threshold, the stable and reliable of link quality could 
not be guaranteed if link quality of neighbor nodes 
was less than the threshold, and the neighbors  
were recorded.  

 
 

 
 

Fig. 2. Intermediate node RREQ table. 
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2.3. RREP Forwarding and Processing 
 

In order to discovery disjoint paths between 
source node and destination node, when intermediate 
node contained the routing of destination node, 
RREP message was not sent directly from 
intermediate node to source node, and destination 
node sent all RREP information. When destination 
node received the first RREQ from neighbor nodes, it 
would update sequence number and generate RREP. 
And we added "Last hop ID" in the RREP, and it 
represented neighbor node ID of the last forwarding 
RREQ. RREQ table of each node was queried By 
RREP, and the each hop link quality of forward path 
node was obtained, routing metric valued was 

calculated when RREP reached source node. 
Therefore, each hop PLQ was increased in control 
frame of RREP to obtain the forward link quality 
information, the modified RREP has shown in Fig. 3. 
RREP transmitted on the reverse path has shown  
in Fig. 4. 

When the destination node D received the last 
RREQ, the sequence number was updated, and the 
corresponding RREP was generated, the destination 
node D looked up the link quality of the 
corresponding neighbor node A in its RREQ table 
and recorded the forward link quality situation, and 
this value was filled in the RREP to continue 
transferring, and so on, each link quality  
was extracted. 

 
 

 
 

Fig. 3. The modified frame format of RREP. 
 
 

 
 

Fig. 4. Schematic of RREP transmission. 
 
 

Thus, RREP was transmitted source node by the 
reverse path that was provided by RREQ, when 
destination node received more RREQ from the other 
neighboring nodes, and its operations were the same 
as the first received RREQ, its update sequence 
number was updated and RREP was forwarded for 
them respectively. When intermediate node received 
RREP that was forwarded from neighbor node, it 
would delete corresponding entry of neighboring 
node in RREQ table, and the corresponding entry of 
neighboring node was added from its routing table to 
corresponding destination node routing, the format of 
routing table has shown in Fig. 5. Intermediate nodes 
in the RREQ table found neighbor nodes that were 

the minimum hop numbers from the source node, and 
observed the link quality stored value in neighbor 
nodes whether is greater than the corresponding 
threshold, in order to ensure symmetrical links, 
RREP was forwarded to neighbor nodes that were 
chosen if two conditions were met. 

In order to ensure that each node has only one 
path to be participated, namely, it ensured that multi-
path generated by routing protocol, which realized 
disjoint of nodes, and the approach was that the node 
would delete the entrance of nodes which sent RREP 
message in its RREP table when any one node 
received RREP message that was sent from any  
other node.  



Sensors & Transducers, Vol. 168, Issue 4, April 2014, pp. 191-196 

 194

 
 

Fig. 5. Schematic of routing entry format. 
 
 

When RREP was transmitted to a node, and it 
could not continue to be transmitted, then it would 
generate a route error message to the last hop node 
that forwarded RREP to this node, it would deleted 
error nodes in the RREQ table when the node 
received a routing error message, then selected the 
next node that can forwarded RREP to source node 
by the original front principle. According to the 
above operation, the source node obtained routing 
information that node disjoint multipath reached 
destination node, supposed that main path and 
backup path were generated by five path in data 
transmission process, if five no-repeat RREP 
message were obtained within a predefined route 
search time, which received response information of 
five node-disjoint routing paths, the next step routing 
metric values were calculated by equation 5.2 in the 
literature [5], that is, routing metric values can be 
calculated by RMBLQICV model that was proposed 
in the previous, and the path with most highest p 
value was taken as the primary path, the rest were 
taken as a backup measure by routing metric value. 
So the proposed route metric model and modified 
AODV protocol were combined well, and this is that 
we proposed multipath AODV reliable data 
transmission routing algorithm LBM_AODV. In 
practical applications, the multi-hop path selection 
should be predefined based on the importance of the 
transmission data. 

 
 
3. Reliability Verification of 

LBM_AODV Algorithm 
 

The validation of routing protocol algorithm was 
majority realized through simulation, the link quality 
situation was kind of hypothesis in the simulation, 
and it had relatively large difference with link quality 
under real environmental conditions, the actual data 
transmission environment could not be reflected, and 
the practicality of transmission algorithm wasn’t able 
to verified. For RF signal transmission, the radio 
signals were interfered with the floors, walls and 
interior items and so on in an indoor environment, 
and it was a more complex transmission 
environment, it can simulated industrial environment 
in some extent, the practicability of algorithm can be 
more real reflected, so that the algorithm was 
performed in indoor environment. 

The experiment was done based on the CC2430 
experimental platform, the experiments consist of 
source node, destination node and a number of 
intermediate nodes, MANET was realized on 
wireless sensor network reliable transmission 
experiments platform by LBM_AODV routing 
algorithm, and the data transmission from source 
node to destination node was realized by node 
disjoint paths that were designated. In experiments, 
we took indoor temperature as the collection objects, 
the source node transmitted the temperature 
parameters collected to destination node, and 
destination node transmitted data to PC through serial 
communication. In order to effectively illustrate the 
reliability of the proposed algorithm, in the data 
transmission process, we compared LBM_AODV 
algorithms that took RMBLQICV as metric model 
with transmission technology L_AODV based on 
LQI and classic AODV algorithm, the results with 
different transmission were obtained. 

The experiment were divided into three groups, 
source node transmitted fixed data packets to 
destination node in each group experiment. The data 
transmission rate of source node was set to 
10 /packets s  in the first group experiment, and 

packet size was 50Byte . In the second group 

experiment, packet size was the same as the first 
group, and the data transmission rate of source node 
was set to 100 /packets s . In the third experiment, 

the data transmission rate of source node was the 
same as the first group, and packet size 
was 100 Byte . 

And in three sets of experiments, the link quality 
information in each path was extracted through 
received RREP message from the source node, and 
transmitted to PC by serial port. In group experiment, 
the transmission results in each path were weighed 
through the packet rate revP , it was calculated in (1). 

The data calculated results for each group 
Experiment have shown in Fig. 6. 
 

 
S

rev
D

n
P

n
= , (1) 

 

For LBM_AODV, L_AODV and AODV routing 
protocol, the paths that were generated in routing 
protocol were evaluated by different routing metric, 
and the corresponding evaluation results have shown 
in Fig. 7, Fig. 8 and Fig. 9 respectively. 
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Fig. 6. The data transmission results of each group path. 
 
 

According to three different route selection 
criteria, AODV chose the path that has the least hop 
numbers, L_AODV and LBM_AODV chose the path 
that has the highest path metric value. The 
experimental analysis results have shown that the 
classic AODV selected path1 with the smallest hop 
number in the first group experiment, and the 
corresponding packet reception rate was 67 %, 
L_AODV selected path2 with the highest LQI mean, 
the packet reception rate obtained was 84 %, 
LBM_AODV selected path3 with RMBLQICV 
maximum value, the packet reception rate obtained 
was 92 %.  
 
 

 
 

Fig. 7. LBM_AODV evaluation graphic. 
 
 

 
 

Fig. 8. L_AODV evaluation graphic. 

 
 

Fig. 9. AODV evaluation graphic. 
 
So LBM_AODV has the highest packet reception 

rate and reliability of data transmission. In the second 
group experiment, due to path1 and path2 have a 
minimum hop number, AODV selected Path 1 or 
Path 2, which received packet reception rate was 
89 % and 85 % respectively, respectively. L_AODV 
and LBM_AODV chose path4, which the packet 
reception rate was 95 %. In the third group 
experiment, AODV chose path1, which the packet 
reception rate was 76 %. L_AODV chose path 3, 
which the packet reception rate was 86 %. 
LBM_AODV chose path 5, which the packet 
reception rate was 93 %. In conclusion, the 
experimental results analysis have shown that no 
matter what the data packet size and data 
transmission rates, compared with the other two 
routing algorithm, LBM_AODV has a high  
data transmission reliability, and achieved the  
desired effect. 
 
 

4. Validation of Network Energy 
Consumption 

 
The reliability of data transmission was mainly 

analyzed above, and then the energy consumption of 
data transmission nodes were analyzed through 
different routing protocols, due to the residual energy 
of each node was difference, so we introduced the 
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parameter that was energy consumption rate to 
measure energy consumption of nodes, the 
calculation has shown in equation 2. 
 

 
cos t

all

E

E
β = , (2) 

 

where cos tE  represents energy consumption of each 

node, allE  represents the total energy of each node. 

The average energy consumption of each node was 
statistical by experiment, and the energy consumption 
rate has shown in Fig. 10. 
 
 

 
 

Fig. 10. Node energy consumption comparison chart. 
 
 

As can be seen from Fig. 10, in each group 
experiment, the average energy consumption of 
LBM_AODV was lower than the other two 
algorithms, because of AODV and L_AODV 
algorithm was not able to select the path that the 
reliability was the highest to transmit data, and 
AODV and L_AODV consumed more energy than 
LBM_AODV when they completed the transfer task, 
so that the average energy consumption of the 
network was increased. 
 
 

5. Conclusion 
 

Wireless sensor networks are a class of network 
that is application-centric, the reliability requirement 
of wireless sensor networks is more higher in the 

field of application, and the underlying wireless 
communication link is extremely unreliable due to 
affect by various factors, and the system resources 
were limited, these have become the bottleneck 
problem in WSN. In this paper, aiming at the 
shortcomings of the classic on-demand routing 
protocol AODV, and it was corrected, on the basis of 
the proposed routing metric model RMBLQICV, this 
paper proposed a multipath AODV routing protocol 
based on LQI – LBM_AODV. LBM_AODV was 
verified through the experiment, the experimental 
results have shown that the merits of the path can 
effectively evaluated, and ensured the reliability of 
data transmission, but also saved the energy 
consumption when data were transmitted by 
LBM_AODV algorithm. 
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