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Abstract: Mobile ad-hoc network (MANET) is a wireless 

networks without fixed infrastructure, where each node can 
interact with its one hop distance neighbors only. Since the nodes 
are continuously moving from one location to another location, 
the network topology is not constant. Provisioning of Quality of 
Service (QoS) in MANETs is a challenging task because of its 
unstable nature. In multicast routing protocol, a sender node is 
sending the data to the group of members (multiple destination 
nodes), where the intermediate nodes resources are consumed at 
higher rate. In this paper, utilization of node resources (QoS 
parameters) is minimized by considering node attitude (trust) and 
load balancing. Here node energy and link bandwidth are 
considered as the QoS parameters. The proposed method 
"Enhanced QoS Multicast Routing Protocol in MANETs Using 
Trust and Load Balance-QMTL" identifies the intermediate nodes 
with higher trust values and constructs the multicast tree with 
optimized load balance. The performance of proposed method is 
analyzed theoretically (using asymptotic notations) and practically 
(using simulation tool-ns2).. 
 

Keywords: Quality of Service, Multicast tree,  node energy,  
Bandwidth, trust.  

I. INTRODUCTION 

In MANETs, the applications are run with the collective 
effort and cooperation of nodes. Each node has to participate 
with unknown nodes for the completion of tasks. Hence the 
assessment of each node behavior definitely useful to 
improve the effectiveness of applications. 

In multicast routing a source node will form the multicast 
tree, where it sits at root position and all the target nodes are 
at leaf level. In multicast routing, a source node 
simultaneously sends the same message to a group of targets.  
Here the source node keep sending same copies of messages 
to all destination nodes [16]. In QoS multicasting, the 
applications required certain level of quality end to end from 
source to destination nodes. Hence the routes from source to 
destination nodes should maintain the required level of 
quality while the applications are running in the network 
[10,15,17,25,26,27].  

In MANETs high prioritized QoS Parameters are energy 
and bandwidth. Bandwidth calculation [9] at a node is a 
difficult job, bandwidth is a QoS parameter is assessed as a 
set of free time slots in TDMA process [29]. In [30] 
LajosHanzo II etc.. discussed admission control schemes for 
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effective utilization of bandwidth. Admission control is a 
method assess the bandwidth availability and controls the 
data traffic accordingly. MANETs are decentralized wireless 
networks and nodes are provided with limited battery energy 
and the nature of MANETs is unstable topology, hop based  
delivery of packets and wireless communication, all these 
makes the nodes battery drains out fast. Nodes spent most of 
their energy not only in sending their packets but also 
forwarding packets of others. There was a lot of research was 
happen, many energy aware protocols [7,8,14] were 
proposed  to reduce  energy consumption in MANETs few of 
them dealt this issue by controlling the broadcast traffic and  
few suggested  spanning tree and some other[28] do the 
collision prediction  so that collision can be avoided as a 
result energy can be saved and etc. The multicast routing 
approach, nodes battery energy exhausts very quickly due to 
the jobs of multicast tree build up and to send the same data to 
several target nodes. [11]. 

Nodes in MANETs have inadequate quantity of resources 
where the complex algorithms can’t be suggested. Hence the 

highly complicated encryption algorithms are not 
recommended to run the applications in secure environment. 
The alternate methods are soft security methods, i.e. trust 
mechanisms. In trust methods each node behavior is observed 
over the period of time and be rated with some trust value 
[1,2]. The applications in the MANETs select the nodes with 
good trust values to improve the performance. Here the node 
trust is evaluated based on it's packet forwarding ratio. The 
construction of multicast can greatly influence the 
performance of multicast protocol. Hence in the construction 
of tree, the intermediate nodes should not have more number 
of neighbor nodes so that the load can be balanced evenly 
along the multicast tree. 

II. RELATED WORK  

In the literature, there are many multicast routing 
protocols are proposed, which are classified into mesh based 
protocols [21] and tree based protocols [20, 23, 24]. Here the 
MAODV [19] and PMRP [12] multicast protocols are 
discussed. 

A. Multicast Ad Hoc on-Demand Distances Vector 
Protocol (MAODV) 

In MAODV, for establishing the path from source to 
destination, unlike AODV (unicast) it uses broadcast 
approach with same mechanism of route request (RREQ) and 
route reply(RREP) as it was referred in the AODV. 

If a node suppose to be a part of multicast tree or wants to 
send a data to multicast group to which it has not available 
with route information in its routing table then it broadcasts a 
RREQ packet.  
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Any node on the path to  target multicast group  on 
receiving the join RREQ  it rebroadcasts further until it 
reaches any one of the members of target multicast group and 
it gets RREP packet from a node with sequence number 
stored in it which is greater than the sequence number in 
stored in RREQ.  For non join request any node having  
unexpired path to target node responds to the source in 
unicast mode with RRES packet by storing sequence number 
in it. In the journey of RREP packet each node on the path to 
the source will add routing table and multicast route table 
entry to the RREP packet as shown in Fig. 1. So that this 
information is useful for a source for data packet forwarding. 
Source on receiving many RREP packets from various nodes 
keeps the path with less hop count and highest sequence 
number and drops all other paths and unicasts to the next hop 
along that route a MACT message.  This message set up the 
path. In multicast tree link status of next hop node is 
maintained by every node hence link failure easily detected 
and can be repaired using RREQ/RREP/MACT messages. 

In multicast tree there is a specially designated node 
called group leader bear the responsibility of initializing and 
distribution of updated sequence number of multicast tree. It 
is useful in recovery process of multicast tree from the 
failures. 

B. Power Aware Multicast Routing Protocol (PMRP) 

PMRP is a multicast routing protocol in which data 
transmission is done by constructing multi cast tree. This 
protocol accomplishes the routing in two phases, route 
discovery phase and route maintenance phase. 

 

 
Fig.  1.  Route discovery of MAODV protocol 

B.1. Route discovery phase: 

PMRP as it is on demand protocol, the multicast tree 
paths updated when ever source wants to send data. Path 
establishment is done using HELLO, RREQ and RREP 
packets. In PMRP, at the frequent intervals HELLO packets 
are exchanged between the neighbor nodes so that every node 
will come to know the distance to its neighbor nodes. In 
PMRP the node which wants to send the data treated as root 
of multicast tree and it broadcast the RREQ packet. The 
RREQ packet included with node’s mobility information 

(location, velocity and direction). 

In PMRP in selection of paths four parameters are 
considered, Pprediction, Premain , link expiration time (LET) and 
the route expiration time (RET).  Pprediction is the estimation of 
the energy that each intermediate node should have to 
forward source data successfully, Premain  is the actual residual 
energy of the node, LET is the link existence time between 
two nodes and RET is equivalent to the least value of the set 
of LETs for the path which was set up.  

Any intermediate node on receiving the RREQ it 
confirms itself whether it is a part of multicast tree or not 

using broad cast ID. If it is not, it computes Pprediction  if  its 
Pprediction< Premain i.e node is not having sufficient energy to 
forwards the request so that it drops the RREQ. Otherwise 
node discriminates the RREQ packet to its neighbors. Each 
destination node after receiving RREQs from all its 
neighbors it will choose the path with minimum of LETs and 
maximum RET value .then each destination sends the RREP 
packet along the selected path.  

B.2. Route maintenance phase: 

In this phase PMRP handles the issues Multicast join, 
node pruning and link breakage. 

Multicast Join:  

Usually when a node send a join request packet, it gets 
response from a member node of multicast tree to which node 
wants be a member but if join request is received by a non 
member node of a target multicast tree then that node adds the 
reverse route entry and broadcast to the members of the 
targeted multicast tree. Each node of the multicast tree after 
receiving all join packets came from various paths select the 
path with highest RET and sends join reply packet stored 
with LET value along the selected path. On receiving the join 
reply packets the sender of the join request  in its routing table 
do the entry of path which having minimum LET. 

Node pruning: 

When a node pruning was happened the pruned node 
sends the quit request packet to the upstream nodes. If the 
immediate upstream node is leaf node that node also gets 
pruned and discriminate quit request packet to its neighbors. 
This is how every node of multicast tree know about pruned 
node, accordingly they gets updated their routing tables. 

Link breakage: 

Link breakage is a frequent activity in MANETs due to 
the mobility of the nodes. In PMRP nodes’ mobility is 

predicted and LETs and RETs is calculated accordingly.   
With this information link maintenance process will be 
initiated before link gets break. The upstream node of the link 
will send a route request repair (RREQ_R) to the downstream 
nodes. On receiving RREQ_R every downstream node 
computes     Pprediction and compares with Premain. If it is less 
than Premain, then it adds LET to the RREQ_R and do the 
broadcast. Otherwise drops the RREQ_R packet. After 
certain time every downstream node gather many RREQ_R 
packets and  selects a route with high RET and send a reply 
repair(RREP_R) packet  to the upstream node. So that 
upstream node will get an alternative path before link gets 
fail.   

III. SYSTEM MODEL  

In this section some of the metrics are discussed to make 
the understanding of proposed method easier to the reader. 
Here the QoS parameters bandwidth and energy evaluation is 
discussed. Trust computation of a node is explained. Which 
are used in the proposed method (QMTL) for the construction 
of multicast tree. 
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A.  Energy calculation 

The forwarding energy of an intermediate node is 
estimated based on the source data size and the distance 
between forwarding and receiving nodes [5,6,22]. The 
forwarding energy is the sum of transmission and receiving 
energies. 

( , )E act eT b r E b Amp b r r               (1) 

In Eq. (1)  ()ET  is the transmission energy, actE is the 

node activation energy, eAmp is the amplification energy, 

b  is the data size in bits and r  is the node’s  range of 

communication. 

( )e actR b E b                                   (2) 

In Eq. (2) receiving energy- ()eR  is calculated. 

e tr e trTotal E b Amp b r r E b              (3) 

In Eq.  (3) the forwarding total energy is calculated. 

B.  Band width calculation using TDMA 

According to Time Division Multiple Access-TDMA 
[11], the link band width between two nodes is estimated 
based on their available common free slots [13].   In TDMA 
the time slots are classified as transmission time slots and 
receiving time slots. If node    want to transmit the data to 
node   , then the current slot is not already allocated and not 
scheduled as the receiving slot of any neighbor(k) of node    
as shown in Eq. (4). 

 ( ) , Re , Rei i i kT t t TransSlot t ceiveSlot t ceiveSlot         (4) 

If node    want to receive the data from node   , then the 
current slot is not already allocated and not scheduled as the 
transmission slot of any neighbor(k) of node    as shown in 
Eq.(5). 

 ( ) , Re ,i i i kR t t TransSlot t ceiveSlot t TransSlot      (5) 

C. Node trust computation 

In MANETs, a node trust computation is computed based 
on its packet forwarding ratio. i.e. how many packets a node 
received and among them how many packets its forwarded 
correctly. In MANETs trust computation methods  broadly 
categorized into two types i.e. direct method and indirect 
method [3,4,18]. in direct method a node can asses all of it's 
one hop neighbor nodes through direct interactions. In 
indirect trust computation, a node can compute it's multi hop 
away neighbor node trust values considering 
recommendations of other nodes. In Eq. (6) the direct trust of 
node-i (DT(i))  is estimated based on packet forwarding ratio 
of different packets(i.e route reply-RREP, route 
request-RREQ and Data packets).  Each packet is assigned 
some weightage using weightage functions where the sum of 
these functions are equal to 1 as shown in Eq. (10).  The 
terminology that is used in Eq. (6,7,8) is discussed in Table I.  

1 2

3

( _ ) _ ( _ )
( )

_ ( _ ) _

f RREP f RREP f f RREQ f
DT i

RREQ f f Data f Data f

  
  

   

    (6) 

 

 

Table- I: Trust computation terminology 
( )DT i  Direct Trust of node- i  

1( _ )f RREP f  Weightage function of Route Reply 
packets  

_RREP f  Route Reply packets forwarding 
ratio 

2 ( _ )f RREQ f  Weightage function of Route 
Request packets 

_RREQ f  Route Request packets forwarding 
ratio 

3( _ )f Data f  Weightage function of Data 
packets 

_Data f  Data packets forwarding ratio 

 

_ s f

s f

RREP RREP
RREP f

RREP RREP





       (7) 

In Eq(7 ) sRREP and 
fRREP refer the  number of Route 

Reply packets that are forwarded and dropped  

respectively. 

           _ s f

s f

RREQ RREQ
RREQ f

RREQ RREQ





                 (8) 

In Eq. (8 ) sRREQ and fRREQ refer the  number of 

Route Request packets that are forwarded and dropped 
respectively 

_ s f

s f

DATA DATA
DATA f

DATA DATA





               (9) 

In Eq. (9 ) sDATA and fDATA refer the  amount of 

Data packets that are forwarded and dropped respectively. 

1 2 3( _ ) ( _ ) ( _ ) 1f RREP f f RREQ f f Data f          (10) 

IV. ENHANCED QOS MULTICAST ROUTING 

PROTOCOL IN MANETS USING TRUST AND LOAD 

BALANCE-QMTL  

In this section, caveats in the classical multicast tree 
formation are discussed in terms of load balance. Which is 
considered as the motivation of proposed method. Next the 
the proposed routing protocol (QoS Multicast Routing 
Protocol in MANETs using Trust and Load Balance-QMTL) 
is discussed and explained over the example network. The 
performance of proposed method is discussed theoretically 
using asymptotic notations.In Fig. 4. Proposed QMTL flows 
of actions are described. 

https://www.openaccess.nl/en/open-publications
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A. Caveats in the classical multicast tree construction  

In Fig. 2, the multicast tree is formed using classical 
multicast tree. Where S is the source node and (E,F,C) are 
destination nodes. Here the intermediate node B is the 
connecting node to all the destination nodes. Hence the node 
B is over burdened with data communication to all 
destination nodes. If any of the  

links to it's neighbor nodes (i.e. D, F and C) are broken, then  
node B has to find out alternate paths through nodes X, Y and 
Z to the destination nodes E, F and C respectively. Hence the 
node along the multicast tree which has more number of 
downstream nodes as neighbor nodes is over burdened. This 
is the drawback of existing multicast trees.  

The proposed method ensures that the intermediate node 
should not have more than threshold level of downstream 
nodes as neighbor nodes which can achieve the load balance 
in the network. In the further section the modified multicast 
routing route discovery process is explained 

B. QMTL Route discovery process 

Step 1:  A source node sends the route request RREQ 
packets to all its neighbor nodes with its application 
requirements (i.e. energy, bandwidth and trust). On receiving 
request packet, each neighbor node verifies its residual 
energy is greater than required energy. (i.e.             

        ).
 

 
 

Fig. 2. Route Maintenance 

.Step 2: If the node is capable to process the request, then 
it adds its trust value and residual energy to the request packet 
along with its id and forwards to the next hop node. If it is not 
capable then simply ignores the request packet. 

 

Step 3: Each destination node collected with many 
request packets through multiple possible routes. For each 
route, it estimates the end-to-end route trust value and energy. 
Destination node selects the route which is trust wise and 
energy wise worthy and sends the reply RREP to the source 
node. if destination has alternative paths, then it sets the AP 
field in RREP as 1. Otherwise it remains as 0. In figure 3, 
(RREP packet structure is same as in [12] with extra field 
AP). 

Step 4:  Each intermediate node may receive multiple 
reply packet from its downstream nodes. If it has received 
single packet, simply forwards to upstream node or if it has 
received multiple packets, then it estimates the link band 

width with all its downstream nodes, from those it received 
reply packets. 

Step 5: If the calculated bandwidth is higher than 
threshold band width, then it forwards all the reply packets. If 
the bandwidth is less then threshold value then it drops the 
reply packet with AP field value 1 and intimates concerned 
destination through route failure packet by adding its id as 
shown in Fig. 3. 

 
Fig. 3. RREP_F packet format 

Step 6:  On receiving route failure packet, the destination 
node chooses the alternative path to the source node and 
sends the reply packet.  

Step 7:  Always the proposed method can restrict on the 
count of branches at intermediate node and can achieve the 
load balance.  

 
Fig.  4.  Working model of proposed QMTL. 
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C. An Example of QMTL Multicast Routing 

The proposed routing protocol is explained over the 
example network as shown in Fig. 5 and 6. In Fig. 5, source 
node S sends the route request packets to its one hop 
neighbors i.e. A, X and B with its requirements. On receiving 
request, all these nodes evaluates their                          
as (30, 40), (36, 30) and (25, 35) respectively. But the node X 
is not capable since its P-remain is less than P-prediction.  

   Now the capable nodes (A and B) adds its trust value to 
the request packet (evaluated by its upstream node) and 
forwards to the next hop nodes (i.e . 5 and 6 respectively). 

The destination node E receives the request packets 
through (S, A, E) and (S, B, D, E). These routes trust values 
are 4, 5 respectively (minimum of all intermediate nodes trust 
value). Node E chooses the path (S, B, D, E) and sends the 
reply packet. in the same manner destination nodes F and C 
choose the routes (S,B,F) and (S,B,C) as with trust values as 
5 and 5 respectively. 

A

D

B

C

F

S

E

X

(10 , 30)

(18 , 28)

(15 , 50)

(36 , 30)

(30 , 45)

5

4

6

7

5

6

5

5

5

5

(25 , 35)

RREQ RREP
 

Fig.  5.  Route Request in QMTL. 
 

In Fig.6, all the destination nodes selects the routes 
through the common intermediate node i.e. node B, hence it 
is over loaded. But the node B should not allow all the reply 
packets. It drops the reply packet from node E, since node E 
has alternative path. The node E selects the alternative path 
through node A.   

 
Fig. 6. Route Replay Phase in QMTL 

In Fig. 7, after receiving reply packets, the source node 
construct the multicast tree where the paths to all destination 

nodes are trust worthy, have threshold energy and load is 
balanced.  

A

B

C

F

S

E

 
Fig. 7. Multicast Tree in QMTL. 

D. Theatrical performance analysis of proposed method  

The proposed doesn’t use any additional packets over the 

classical protocols. In evaluation of link bandwidth it spends 
the time        where m is number of neighbor nodes and 
t is time slots. in trust evaluation it takes      time , where n 
is the number of nodes in network. in energy calculation it 
takes       time. Here RREPF packet is introduced but 
because of its small size doesn’t have any impact on 

performance. 

V. RESULTS  

In this section, the simulation environment is introduced 
and simulation parameters are defined.  The proposed method 
QMTL performance is compared with existing methods 
MAODV and PMRP. 

A.  Simulation environment 

Here the network simulator ns2.34 is used to measure the 
performance of proposed method.  The simulation is run over 
the area           and the simulation duration is 600sec. 
Each data packet size in the transmission is 0.3B and the 
transmission rate is 0.5 Mbps.  

B. Simulation parameters 

The performance of proposed method is compared with 
the existing methods MAODV and PMRP in terms of 
parameters delay, throughput and control overhead for the 
varying of network sizes and velocities. Here the number of 
nodes is taken from 10-50. The node velocity is considered 
from 0-40 m/sec.  

Table- 2: Node velocity Vs Avg packet delay 
 Average Packet Delay ( Sec) 

Node 
Velocity 
(m/sec) 

MAODV PMRP Proposed   
QMTL 

0 0.446 0.412 0.399 
5 0.458 0.428 0.418 
10 0.498 0.478 0.458 
15 0.518 0.499 0.459 
20 0.608 0.541 0.481 
25 0.667 0.591 0.521 
30 0.690 0.611 0.542 
35 0.704 0.647 0.590 
40 0.708 0.677 0.620 
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In Table- 2, when the nodes are moving with higher 
velocities, then links will be broken and retransmission of 
data required. So the end to end packet delay is increased. But 
the QMTL can decrease the link breaks and reduce the delay. 

 
Table- 3: Nodes Vs throughput. 

  Throughput (mbps) 
Number of 
Nodes 

MAODV PMRP Proposed   
QMTL 

10 17.628 18.360 18.003 
20 15.828 16.400 17.428 
30 13.261 14.872 16.264 
40 11.431 12.653 14.286 
50 9.096 10.682 13.763 
60 8.632 9.875 12.347 

 
In Table- 3:., when nodes are increased then in the 

multicast tree, an intermediate node may have multiple 
branches which reduces the bandwidth and throughput. The 
QMTL can reduce these branches and improve the 
throughput and load balance.  

 

Table 4: Nodes Vs Avg packet delay 

 Packet Delay ( Sec) 
Number of 
Nodes 

MAODV PMRP Proposed   
QMTL 

10 0.428 0.421 0.408 
20 0.498 0.478 0.458 
30 0.568 0.523 0.513 
40 0.620 0.594 0.556 
50 0.700 0.679 0.620 
60 0.780 0.710 0.650 

 

In Table 4, when network is with high density of nodes 
(more nodes) then the route maintenance work is increased. 
In case of path failure the routing protocol requires much 
time to find out the alternative path. Hence the packet delay is 
increases. 

 

Table 5: Node velocity VS control over head 

 Control packet overhead  

Node 
Velocity 
(m/sec) 

MAODV PMRP  Proposed   
QMTL 

0 0.743 0.708 0.708 
5 0.752 0.743 0.717 
10 0.773 0.765 0.739 
15 0.795 0.778 0.752 
20 0.817 0.804 0.769 
25 0.830 0.817 0.791 
30 0.843 0.826  0.800 
35 0.856 0.839 0.821 
40 0.860 0.839 0.826 

 

In Table 5, the results are depicting that when nodes are 
moving with increased velocity then path breaks occurs and 
the protocol has to use control packet to find out alternative 
path. Hence the COH is increased. But the QMTL is not 
deployed any additional control packets so the COH is 
inacceptable range. 

VI. CONCLUSION AND FUTURE WORK   

In the proposed method QMTL, the QoS routing is 
improved by considering node attitude (trust) and load 
balance in the network. The proposed method used the QoS 
parameters as energy and bandwidth. Here the conventional 
multicast routing protocols is enhanced to form the multicast 
tree, such that the total load is evenly distributed to all the 
intermediate nodes while the data is transferred. The QMTL 
considers energy, bandwidth and trust values of nodes. Hence 
it could improve the throughput and reduce the link breaks. 
The proposed method performance is analyzed theoretically 
and practically (simulation). Where it could outperforms the 
existing protocols MAODV and PMRP. Mobile Ad-hoc 
networks have common properties with social networks, 
where the entities participating with unknown other entities. 
Hence the trust model which is used in this work can also be 
used in social networks to identify and avoiding of malicious 
activities.  
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