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Abstract
Congestion in mobile ad hoc networks leads to transmission delays and packet losses
and causes wastage of time and energy on recovery. In the current designs, routing is not
congestion adaptive. Routing may let a congestion happen which is detected by
congestion control, but dealing with congestion in this reactive manner results in longer
delay and unnecessary packet loss and requires significant overhead if a new route is
needed. This problem becomes more visible especially in large-scale transmission of
heavy traffic such as multimedia data, where congestion is more probable and the
negative impact of packet loss on the service quality is of more significance. Routing
should not only be aware of, but also be adaptive to, network congestion. Routing
protocols which are adaptive to the congestion status of a mobile ad hoc network can
greatly improve the network performance. Many protocols which are congestion aware
and congestion adaptive have been proposed. In this paper, we present a survey of
congestion adaptive routing protocols for mobile ad hoc networks.

1. Introduction
In mobile wireless ad hoc networks the key issue is network congestion and traffic
blocking. The congestion occurs in mobile ad hoc networks due to limited availability of
resources [1]. In such networks, packet transmissions suffer from interference and fading,
due to the shared wireless channel and dynamic topology. Transmission errors also cause
burden on the network due to retransmissions of packets in the network. Recently, there
has been increasing demand for support of multimedia communications in MANETs. The
large amount of real-time traffic tends to be in bursts, is bandwidth intensive and liable to
congestion. Congestion leads to packet losses and bandwidth degradation, and wastes
time and energy on congestion recovery [2]. Although, it is not possible to get rid of
congestion problem but it is possible to limit the impact of congestion on network
efficiency by using some suitable procedures and rules for traffic flow. To minimize
congestion in network routing algorithms are used. Different dimensions can be used to
categorize routing algorithms in MANETs: proactive routing versus on-demand routing,
or single-path routing versus multipath routing [3]. In proactive protocols, routes between
every two nodes are established in advance even though no transmission is in demand.
This approach is not suitable for large networks because many unused routes still need be
maintained and the periodic updating may incur overwhelming processing and
communication overhead. The on-demand approach is more efficient in that a route is
discovered only when needed for a transmission and released when the transmission no
longer takes place. However, when a link is disconnected due to failure or node mobility,
which often occurs in MANETs, the delay and overhead due to new route establishment
may be significant. To address this problem, multiple paths to the destination may be used
as in multipath routing protocols [4]. An alternate path can be found quickly in case the
existing path is broken. The trade-off, as compared to single-path routing, is the
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multiplied overhead due to concurrent maintenance of such paths. Furthermore, the use of
multiple paths does not balance routing load better than single-pathing unless we use a
very large number of paths which is costly and therefore infeasible [5]. There is another
dimension for categorizing routing protocols: congestion-adaptive routing versus
congestion-unadaptive routing. Most of the existing routing protocols belong to the
second group. Some of the existing routing protocols are congestion-aware, and a very
few are congestion-adaptive. In congestion-aware routing techniques, congestion is taken
into consideration only when establishing a new route which remains the same until
mobility or failure results in disconnection. In congestion-adaptive routing, the route is
adaptively changeable based on the congestion status of the network [6]. Routing may let
a congestion happen which is later detected and handled by congestion control.
Congestion non-adaptiveness in routing in MANETs may lead to the following problems:
 Long delay: It takes time for a congestion to be detected by the congestion control
mechanism. In severe congestion situations, it may be better to use a new route. The
problem with an on-demand routing protocol is the delay it takes to search for the
new route.
 High overhead: In case a new route is needed, it takes processing and
communication effort to discover it. If multipath routing is used, though an alternate
route is readily found, it takes effort to maintain multiple paths.
 Many packet losses: Many packets may have already been lost by the time a
congestion is detected. A typical congestion control solution will try to reduce the
traffic load, either by decreasing the sending rate at the sender or dropping packets at
the intermediate nodes or doing both. The consequence is a high packet loss rate or a
small throughput at the receiver.
The above problems become more visible in large-scale transmission of traffic intensive
data such as multimedia data, where congestion is more probable and the negative impact
of packet loss on the service quality is of more significance. In a dynamic network like a
MANET, it is expensive, in terms of time and overhead, to recover from congestion [7].
This survey gives an overview of existing approaches that attempt to provide some
congestion adaptive routings in mobile ad hoc networks. The existing approaches are
systematically described, classified and compared. The approaches that have been
selected for analysis are CARM, CRP, CAAODV, AODVM. While their main objective
to make routing protocol congestion adaptive is common to all but adaptation and
approach is different and have variations in basic characteristics.

2. Algorithms
There are many routing algorithms in mobile ad hoc networks for routing and
congestion free networks. Some of them are explained below.
Dynamic Load-Aware Routing (DLAR)

In existing on-demand routing protocols such as DSR (Dynamic Source Routing),
AODV (Ad-hoc On-demand Distance Vector) and TORA (Temporally Ordered Routing
Algorithm); the shortest path routing criteria has been used. The route selection
philosophy can lead to network congestion and long delays due to congestion in the
network. DLAR considers the load of intermediate nodes as the main route selection
metrics and monitors the congestion status of active routes to reconstruct the path when
nodes of the route have their interface queue overloaded. DLAR uses the number of
packets buffered in the interface as the primary route selection criteria and DLAR builds
routes on-demand. When a route is required but no information to the destination is
known, the source floods the ROUTE REQUEST packet to discover a route. When nodes
other than the destination receive a non-duplicate ROUTE REQUEST, they build a route
entry the
pair and record the previous hop to that entry (thus
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backward learning). This previous node information is needed later to relay the ROUTE
REPLY packet back to the source of the route. Nodes then attach their load information
(the number of packets buffered in their interface) and broadcast the ROUTE REQUEST
packet. After receiving the first ROUTE REQUEST packet, the destination waits for an
appropriate amount of time to learn all possible routes. In order to learn all the routes and
their quality, the destination node accepts duplicate ROUTE REQUESTS received from
different previous nodes. The destination then chooses the least loaded route and sends a
ROUTE REPLY packet back to the source via the selected route. During the active data
session, intermediate nodes periodically piggyback their load information on data packets.
Destination nodes can thus monitor the load status of the route. If the route is congested, a
new and highly loaded route is selected to replace the overloaded path. Routes are hence
reconstructed dynamically in advance of congestion. The process of building new routes
is similar to the initial route discovery process except that the destination floods the
packet to the source of the route, instead of flooding to the destination. The source, upon
receiving ROUTE REQUEST packets, selects the best route in the same manner as the
destination. The source does not need to send a ROUTE REPLY, and simply sends the
next data packet using the newly discovered route. Thus DLAR protocol considers
intermediate node routing loads as the primary route selection metric. The protocol also
monitors the congestion status of active routes and reconstructs the path when nodes of
the route have their interface queue overloaded.
Route Selection Algorithms
Three schemes have been used in selecting the least loaded route.
DLAR Scheme1 simply adds the routing load of each intermediate node and selects the
route with the least sum. If there is a tie, the destination selects the route with the shortest
hop distance. When there are still multiple routes that have the least load and hop
distance, the path that is taken by the packet which arrived at the destination earliest
between them is chosen.
DLAR Scheme2: Instead of using the sum of number of packets queued at each
intermediate node’s interface as in scheme 1, scheme 2 uses the average number of
packets buffered at each intermediate node along the path. The shortest delay can be used
as a tie breaker if needed.
DLAR scheme 3: considers the number of congested intermediate nodes as the route
selection metric. Basically, it chooses the route with the least number of intermediate
nodes that have their load exceeding the threshold value.
Table 1. Route Qualities based each Scheme

Route i
Route j
Route k
Selection

Scheme 1

Scheme 2

Scheme 3

20
19
21
Route i

5
6.67
5.25
Route j

2 (A and B)
2 (A and E)
1 (A)
Route k

To avoid producing bottlenecks and to use the most up-to-date route information when
discovering routes, DLAR does not allow intermediate nodes to reply from cache. DLAR
periodically monitors the congestion status of active data sessions and dynamically
reconfigures the routes that are being congested. Using the least-loaded routes helps
balance the load of the network nodes and utilize the network resources efficiently.
Simulation results showed that DLAR schemes outperform DSR which uses the
shortest path and does not consider the routing load. DLAR protocols delivered more
fraction of data packets, yielded shorter end-to-end delays, and generated nearly equal
number of control packets as DSR.
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Distance Vector Routing Protocol - Congestion Aware Distance Vector (CADV)
In a distance vector routing protocol, every host maintains a routing table containing
the distances from itself to possible destinations. A mobile host in an ad hoc network can
be viewed as a single server queuing system. The delay of sending a packet is positively
correlated with congestion. In CADV, each entry is associated with an expected delay,
which measures congestion at the next hop. Every host estimates the expected delay
based on the mean of delay for all data packets sent in a past short period of time.
Currently, the length of the period is equal to the interval between two periodical
updates. The expected delay is computed as
, where n is the number of
sent packets and L is the length of MAC layer packet queue. E[D] estimates the time a
newly arrived packet has to wait before it is sent out. When a host broadcasts an update
to neighbors, it specifies the delay it may introduce. A routing decision is made based on
the distance to the destination as well as the expected delay at the next hop. CADV tries
to balance traffic and avoid congestion by giving priority to a route having low expected
delay. When making routing decisions, a function
is used to evaluate
the value of a route.
A CADV routing module consists of three components.
 Traffic Monitor monitors traffic going out through the link layer. Currently it
keeps track of the average delay for sending one data packet in recent period of
time. The time period is specified by the route maintenance component.
 Traffic control determines which packet is the next to send or drop, and
reschedules packets if needed. At present, it supports a drop tail FIFO queue and
provides functionality to re-queue packets.
 Route maintenance is the core component. Its functionalities include exchanging
information with neighbors, evaluating and maintaining routes, managing the
traffic monitor and traffic control components.
CADV outperforms AODV in delivery ratio by about 5%, while introduces less
protocol load. CADV introduces higher end-to-end delay than AODV and DSDV do
when the number of connections is greater than 10, because it may choose longer route
to forward packets. The delay is rather stable with the increase of the number of
connections. CADV consumes less power. For the movements of mobile hosts generated
by the random waypoint model, the link change and route change are, with a very high
probability, linear functions of the maximum speed, and linear functions of the pause
time, respectively. The protocol load for the proactive routing protocols (such as DSDV)
grows as the number of hosts increases, while that of the on-demand routing protocols
(such as AODV) increases with the number of source-destination (S-D) pairs. The
proactive approach performs better when the number of S-D pairs is close to the number
of hosts. CADV is not congestion adaptive. It offers no remedy when an existing route
becomes heavily congested.
Congestion – Aware Routing Protocol for Mobile Adhoc Networks (CARM)
A congestion aware routing protocol for mobile ad hoc networks which uses a metric
incorporating data- rate, MAC overhead, and buffer delay to combat congestion. This
metric is used, together with the avoidance of mismatched link data-rate routes to make
mobile ad hoc networks robust and adaptive to congestion. A further cause of congestion
is link reliability. If links break, congestion is increased due to packet retransmission.
CARM applies a link data-rate categorization approach to prevent routes with mismatched
link data-rates. The MAC overhead from (2) is a good me
assure of congestion,
being a combination of the two factors. In addition to MAC overhead, queuing delay is a
useful measure of congestion. CARM is an on-demand routing protocol that aims to
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create congestion-free routes by making use of information gathered from the MAC layer.
The CARM route discovery packet is similar to that in DSR where every packet carries
the entire route node sequence. CARM employs the Weighted Channel Delay (WCD)
metric to account for the congestion level. In addition, CARM adopts a route effective
data-rate category scheme to combat the mismatched data-rate route (MDRR) problem.
The combination of these two mechanisms enables CARM to ameliorate the effects of
congestion in multi-rate networks. CARM uses the same route maintenance approach as
that in DSR. In the first, only WCD metric it taken into account in DSR, which is called
CARMdelay, In the second, both the WCD and the effective link data-rate category
(ELDC) scheme are taken into account, which is called CARM. It has been noted that in
DSR the routing load is dominated by RREP packets. However, in CARM due to the
suppression of RREPs at intermediate nodes, CARMdelay and CARM work to exclude
congested links via the use of the WCD. In CARM, ELDCs also contribute to congestion
control. So, DSR yields lower overhead due to route discovery, it requires discovery more
often due to congestion. In CARMdelay and CARM, the reduced number of congested
links in established routes contributes to better performance in high traffic loads. CARM
utilizes two mechanisms to improve the routing protocol adaptability to congestion.
Firstly, the weighted channel delay (WCD) is used to select high throughput routes with
low congestion. The second mechanism that CARM employs is the avoidance of
mismatched link data-rate routes via the use of effective link data-rate categories
(ELDCs). In short, the protocol tackles congestion via several approaches, taking into
account causes, indicators and effectors. The decision made by CARM are performed
locally. Our simulation results demonstrate that CARM outperforms DSR due to its
adaptability to congestion.
A Hop-by-Hop Congestion-Aware Routing Protocol for Heterogeneous Mobile Ad-hoc
Networks
A hop-by-hop congestion aware routing protocol employs a combined weight value as
a routing metric, based on the data rate, queuing delay, link quality and MAC overhead.
Among the discovered routes, the route with minimum cost index is selected, which is
based on the node weight of all the in network nodes. The nodes are usually
heterogeneous in realistic ad hoc networks. For example, in a battlefield network,
portable wireless devices are carried by soldiers, and more powerful and reliable
communication devices are carried by vehicles, tanks, aircraft, and satellites and these
devices/nodes have different communication characteristics in terms of transmission
power, data rate, processing capability, reliability, etc. Hence it would be more realistic
to model these network elements as different types of nodes [1]. Such heterogeneous
networks nodes are portable to transmit at different power levels and thus cause
communication links of varying ranges. A congestion-aware routing metric for MANETs
should incorporate transmission capability, reliability, and congestion around a link. A
hop-by-hop congestion aware routing protocol which employs the following routing
metrics:
 Data-rate
 Buffer queuing delay
 Link Quality
 MAC Overhead
In this routing protocol, after estimating the above metrics, a combined weight value
is calculated for each node. We select any multi path on-demand routing protocol, which
discovers multiple disjoint routes from a source to destination. Among the discovered
routes, the route with minimum cost index is selected, which is based on the node weight
of all the in-network nodes for each packet successfully delivered from the source node
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to the destination node. The node’s cost index is calculated in a backward propagating
way. The cost indices of a node’s possible downstream neighbors are obtained by the
feedbacks of its downstream neighbors.
C. Link Quality Estimation
To be able to see that a node is moving and a route is about to break, we rely on the
fact that communication is based on electronic signals. Because of that it is possible to
measure the quality of the signal and based on that guess if the link is about to break.
This can be used by the physical layer to indicate to the upper layer when a packet is
received from a host, that is sending with a signal lower than a specific value and then
indicate that that node is in pre-emptive zone [9],[10]. Thus, using the received signal
strength from physical layer, link quality can be predicted and links with low signal
strength will be discarded from the route selection. When a sending node broadcasting
RTS (Request –To-Send) packet, it piggybacks its transmissions power Pt. On receiving
the RTS packet, the intended node measures the signal strength received which holds the
following relationship for free-space propagation model [11].
Where λ is the wavelength carrier, d is distance between sender and receiver, and
receiving omni-directional antennas, respectively. The Gt and Gr are unity gain of
transmitting effects of noise and fading are not considered.
So, the link quality

L q = Pr

D. Estimating MAC Overhead
In this network, we consider IEEE 802.11 MAC with the distributed coordination
function (DCF). It has the packet sequence as request-to-send (RTS), clear-to-send
(CTS), and data, acknowledge (ACK). The amount of time between the receipt of one
packet and the transmission of the next is called a short inter frame space (SIFS). Then
the channel occupation due to MAC contention will be
COCC= tRTS + tCTS + 3tSIFS
Where tRTS and tCTS are the time consumed on RTS and CTS, respectively and tSIFS is
the SIFS period. Then the MAC overhead OHMAC can be represented as:
OHMAC = COCC + tacc
Where tacc is the time taken due to access contention. The amount of MAC overhead is
mainly dependent upon the medium access contention, and the number of packet
collision s. That is, OHMAC is strongly related to the congestion around a given node.
OHMAC can become relatively large if congestion is incurred and not controlled, and it
can dramatically decrease the capacity of a congested link.
E. Estimating End to End Delay
There is a significant variation between the end-to-end delay reported by RREQRREP measurements and the delay experienced by actual data packets. We address this
issue by introducing a DUMMY-RREP phase during route discovery. The source saves
the RREP packets it receives in a RREP TABLE and then acquires the RREP for a route
from this table to send a stream of DUMMY data packets along the path traversed by this
RREP. DUMMY packets efficiently imitate real data packets on a particular path owing
to the same size, priority and data rate as real data packets. H is the hop count reported
by the RREP. The number of packets comprised in every stream is 2H. The destination
computes the average delay Davg of all DUMMY packets received, which is sent through
a RREP to the source. The source selects this route and sends data packets only when the
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average delay reported by this RREP is inside the bound requested by the application.
The source performs a linear back-off and sends the DUMMY stream on a different route
selected from its RREP TABLE when the delay exceeds the required limit.
F. Estimating Data Rate
In heterogeneous ad hoc networks, throughput through a given route is depending
on the minimum data rate of all its links. In a route of links with various data rates, if a
high data rate node forwards more traffic to a low data rate node, there is a chance of
congestion. This leads to long queuing delays in such routes. Since congestion
significantly reduces the effective bandwidth of a link, the effective link data-rate is
given by
Drate = Dsize / Cdelay
Where DSize is the data size and Cdelay is the channel delay.

3. Congestion Aware Routing Protocol (CARP)
CARP is an on-demand routing protocol that aims to create congestion-free routes by
making use of information gathered from the MAC layer. CARP employs a combined
weight metric in its standard cost function to account for the congestion level. For
establishing multiple disjoint paths, we adapt the idea from the Adhoc On-Demand
Multipath Distance Vector Routing (AOMDV) [13]. The multiple paths are computed
during the route discovery. We now calculate the node weight metric NW which assigns
a cost to each link in the network and select maximum throughput paths, avoiding the
most congested links. The NW for the link from node i to a particular neighboring node
is given by
NW = (Lq * Drate) / (OHMAC * Davg)
A. Route Request
Let us consider the route
S – N1 - N2 - N3 – D
To initiate congestion-aware routing discovery, the source node S sends a RREQ.
When the intermediate node N1 receives the RREQ packet, it first estimates all the node
weight metrics.
The node N1 then calculates its node weight NWN1
NWN1
RREQN1

N2

N2 calculates NWN2 and forwards the RREQ packet
NWN1+NWN2
RREQN2

N3

Finally the RREQ reaches the destination node D with the sum of node weights
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B. Route Reply

NWN1+NWN2+NWN3
RREQN3 NWNWN2NWN2NWN2
NWN2

D

The Destination node D sends the route reply packet

4. Conclusion
It is clear from the algorithms available for having adaptive solution for congestion in
the network as due to vast payloads on network, which may be due to flooding of packets
or may be due to repeat requests on the basis of error correction techniques. This is clear
from the investigations that new set of solutions are needed to overcome the problem
congestion in network. It is also clear that congestion is the problem associated with the
network and has to be countered by having compromised solution rather than
elimination.
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