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Abstract: An ALBA-R is the cross-layer integration of geographic routing with contention-based MAC for relay 

selection and load balancing (ALBA) as well as a mechanism to detect and route around connectivity holes 

(Rainbow). The main challenges of this work is routing around a dead end without overhead intensive techniques. 

This paper presents ALBA-R, a protocol for converge casting in wireless sensor networks. For problem solving, the 

routing around a dead end without overhead-intensive, the proposed method provides ALBA and Rainbow (ALBA-

R) together techniques such as graph planarization and face routing. By changing traffic and node arrangements then 

the protocol is localized and distributed, and adapts efficiently. The experiment result shows an evaluation of 

ALBA-R performance in outdoor test bed of tiny OS motes. The result shows ALBA-R is an energy-efficient 

protocol that achieves remarkable performance. The ns2-based simulations are used in proposed work. Comparing 

the results this proposed work achieves remarkable delivery ratio and latency. 
 
Keywords: Wireless Sensor Networks, ALBA-R (Adaptive Load Balancing Algorithm–Rainbow), Queue Priority 

Index (QPI), GeograPhicpriority Index (GPI), Energy-efficient data gathering mechanism. 

 
1. INTRODUCTION 

 
The key ingredients of various applications are 

distributed sensing and seamless wireless data 

gathering. These are implemented through the 

distributions of wireless sensor networks (WSNs). 

The sensor nodes perform their data collections 

duties unattended, and thecorresponding packets are 

then transmitted to a data collection point (the sink) 

via multi-hop wireless routes (WSN routing or 

convergecasting). The majority of the research on 

protocol design for WSNs has focused on MAC and 

routing solutions. An important class of protocols is 

represented by geographic or location-based routing 

schemes [10], where a relay is greedily chosen based 

on the advancement it provides toward the sink. 

Presence almost deported, geographic routing, 

distributed and localized [2] requires little 

computation and storage resources at the nodes, so 

that most attractive for WSN applications.Many 

geographic routing schemes, be unsuccessful to 

entirely address main design challenges, including i) 

routing around connectivity holes, ii) resilience to 

localization errors, and iii) efficient relay selection. 

Connectivity holes are related to greedy forwarding 

works. Even in a fully connected topology [7], there 

may exist nodes (called dead ends) that have no  

 
neighbours [6] that provide packet advancement 

toward the sink. Dead ends are therefore unable to 

forward the packets they generate or receive. These 

packets will never reach their destination and will 

eventually be discarded. Many solutions have been 

proposed to alleviate the impact of dead ends. In 

particular, those that offer packet delivery guarantees 

are usually based on making the network topology 

[3] graph planar, and on the use of face routing. 

However, planarization does not work well in the 

presence of localization errors and realistic radio 

propagation effects, as it depends on unrealistic 

representations of the network, such as a unit disk 

graph. The proposed work provides an approach to 

solve the routing around connectivity holes that 

works in any connected topology without the 

overhead and inaccuracies experienced by 

methodsbased on topology planarization. Defining 

cross-layer protocol, named ALBA [14] for adaptive 

load balancing algorithm. The important ingredients 

are blended with a mechanism to route packets and 

around dead ends with the rainbow protocol. An 

integrated solution for converge casting in WSNs is 

connection can be sparse with connectivity holes. 
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. The contributions it provides to WSN research with 

this paper include the following. (a) Enhance greedy 

geographic forwarding by considering congestion and 

packet advancement jointly when making routing 

decisions. The new relay selection scheme, which 

implements MAC and routing functions in a cross-

layer fashion, achieves performance superior to 

existing protocols in terms of energy efficiency, 

packet delivery ratio and latency. (b) For efficient 

route packets out of dead ends the rainbow 

mechanism allows ALBA-R. Rainbow is strong 

localization errors and to channel propagation 

damages. The network topology is no need to planer, 

unlike the previous routing protocols. So that the 

general face routing based solution and guaranteed 

packet delivery is realistic arrangement. (c) Extensive 

ns2-based simulation experiments are performed that 

demonstrate how the unique features of ALBA-R 

determine its overall performance, and that show its 

superiority with respect to previous exemplary 

solutions for geographic-based and topology-based 

convergecasting, such as GeRaF and IRIS [16]. It 

also investigated the performance of Rainbow in 

sparse networks, where dead ends are likely to occur, 

with and without localization errors. Understanding 

how the route packets are around the connectivity 

holes and achieving remarkable delivery ratio and 

latency performance. It is done by the rainbow 

effective scheme. Our simulation results also show 

better performance than that of two recent proposals 

for routing around dead ends by R¨uhrup and 

Stojmenovic. (d) The critical metrics of packet 

delivery ratio and endto-end latency are further 

investigated through experiments in an outdoor 40-

node testbed of Tiny OS-based sensor nodes. Besides 

validating our simulation model, the obtained results 

confirm the effectiveness of ALBA-R in supporting 

long-lived and reliable wireless sensor networking in 

practice. A succinct version of this paper has 

appeared in. The current version presents a 

considerably larger set of experiments and 

comparisons with previous solutions. Supplemental 

material is available at the publisher web site that 

provides proof of correctness of the Rainbow 

mechanism [17], further simulation experiments and 

detailed results from testing the deployment of a 40 

node network in a vineyard outside of Roma, Italy. 
 

 

Some results on ALBA resilience to localization 

errors have appeared in. 

 

2. ADAPTIVE LOAD BALANCING 

ALGORITHM  
The protocol proposes in this paper, ALBA, is 

across-layer solution for convergecasting in WSNs 

thatintegrates awake/asleep schedules, MAC, routing, 

trafficload balancing, and back-to-back packet 

transmissions.According to independent wake-up 

schedules, nodes are alternate between awake/asleep 

with fixed duty cycled. Packet forwarding is 

implemented by havingthesender polling for 

availability its awake neighbours bybroadcasting a 

Request-to-Send (RTS) packet for jointlyperforming 

channel access and communicating relevantrouting 
 
information (cross layer approach). 

Availableneighbouring nodes respond with Clear-to-

Send (CTS)packet carrying information through 

which the sendercan choose the best relay. Relay 

selection is performedby preferring neighbours 

offering “good performance” inforwarding packets. 

Positive geographic advancementtoward the sink (the 

main relay selection criterion inmany previous 

solutions) is used to discriminate amongrelays that 
 
have the same forwarding performance. 

Everyprospective relay is characterized by two 

parameters:The queue priority index (QPI), and the 

geographicpriority index (GPI). The QPI is calculated 

as follows.The requested number of packets to be 

transmittedin a burst (back-to-back transmissions) is 

NB, and thenumber of packets in the queue of an 

eligible relay isQ. The potential relay keeps a moving 

average M of thenumber of packets it was able to 

transmit back-to-back,without errors, in the last κ 

forwarding attempts.1 TheQPI is then defined as min 

{(Q + NB)/M,Nq}, whereNq is the maximum 

allowed QPI [12]. The QPI has beendesigned so that 

congested nodes (with a high queueoccupancy Q) and 
 
“bad” forwarders (experiencing highpacket 

transmission error, i.e., with a lower M) are 

lessfrequently chosen as relays. The selection of 

relays withlow QPI therefore aims at decreasing 

latency at each hopby balancing the network load 

among good forwarders.Based on positioning 

information (as provided to anode by GPS, or 

computed through some localizationprotocol [23], 

[24]), and on the knowledge of the locationof the 
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sink, each node also computes its GPI, which isthe 

number of the geographic region of the 

forwardingarea of the sender where a potential relay 

is located. 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 1 Computing QPI and GPI Values 

 

The numbering of GPI regions ranges from 0 to Nr − 

1.Numbers are assigned so that the higher the number 

ofthe region, the further from the sink are the nodes 

itcontains, i.e., nodes in region 0 provide the 

maximumadvancement toward the sink. An example 

of QPI andGPI assignment is provided in Figure 1. 

The sender Sis represented by a black circle, while 

crosses and whitecircles denote asleep and awake 

neighbours, respectively.Awake nodes are the only 

ones available at the time theRTS is broadcast. The 

forwarding area is colored lightgray, and the GPI 

regions are delimited by arcs centredat the sink (not 

shown in the figure). In this example the source S 

wants to send a burst of NB = 2 packets.Among the 

awake nodes, A has an empty queue, butalso a bad 

forwarding record (M = 1), hence its QPI is2. Nodes 

B and C have both M = 4. However, B has asmaller 

queue and therefore its QPI is 1, whereas thatof C is 

2. A sender node queries neighbours in 

increasingorder of QPI. The sender performs channel 

sensing priorto packet transmission, in order to make 

collisions withongoing handshakes unlikely. 

 

3. ALBA-R (ADAPTIVE LOAD BALANCING 

ALGORITHM–RAINBOW) 

 

In this section describesRainbow, the 

mechanism used by ALBA to deal with dead ends. 

The basic idea for avoiding connectivity holes is that 

of allowing the nodes to forward packets away from 

the sink when a relay offering advancement toward 

the sink cannot be found.In order to remember 

whether to seek for relays in the direction of the sink 
 

 

or in the opposite direction each node is labelled by a 

color chosen among an ordered list of colors, and 

searches for relays among nodes with its own color or 

the color immediately before in the list.  
.  

 
 
 
 
 
 
 
 
 
 
 

 

Figure 2 Initial Node Creation 

 

Rainbow consists in determining the color of each 

node so that a viable route to the sink is always 

found. Hop by hop forwarding then follows the rules 

established by ALBA. 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 3: Initially Path find with colour c0 

 

More formally, let x be a node engaged in packet 

forwarding. We partition the transmission area of x 

into two regions, called F and FC, that include all 

neighbours of x offering a positive or a negative 

advancement toward the sink, respectively .When X 

is a set of packets to transmit it try to find a relay 

either in F or FC according to its color Ck, selected 
 
from set of colors . Nodes with even 

colors C0, C2, . . . search for neighbours in F 

(positive advancement). Nodes with odd color C1, 

C3, . . . search for neighbours in FC (negative 

advancement). Nodes with color Ck, k ≥ 0, can 

volunteer as relays only for nodes with color Ck or 

Ck+1. Nodes with color Ck, k > 0, can only look for 

relays with color Ck−1 or Ck. Finally, nodes with 

color C0 can only look for relays with color C0.3 the 
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nodes assume their color as follows. Initially, all 

nodes are colored C0, and function according to the 

standard ALBA rules (Section 3). If no connectivity 

holes are encountered, all nodes remain colored C0, 

and always perform greedy forwarding. Since the 

nodes on the boundary of a hole cannot find relays 

offering positive advancement, after a fixed number 

Nhsk of failed attempts they infer that they may 

actually be dead ends, and correspondingly increase 

their color to C1.4 According to Rainbow, C1 nodes 

will send the packet away from the sink by searching 

for C0 or C1 nodes in region FC. If a C1 node cannot 

find C1 or C0 nodes in FC, it changes its color again , 

becoming a C2 node. Therefore, it will now look for 

C2 or C1 relays in F. Similarly, a C2 node that cannot 

find C2 or C1 relays in F turns C3 and starts 

searching for C3 or C2 nodes in FC. This process 

continues until all nodes have converged to their final 

color. Note that, at this point, any node that still has 

color C0 can find a greedy route to the sink, i.e., a 

route in which all nodes offer a positive advancement 

toward the sink. In other words, once a packet 

reaches a C0 node, its path to the sink is made up 

only of C0 nodes. Equally, through Ck nodes the 

packets are generated or relayed. The Ck nodes 

follow routes initially traverse is Ck nodes then go 

through Ck-1 nodes, then ck-2 nodes and so on. 

Finally reaching a C0 node. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 4 Finally rainbow colouring in all nodes 

 

As soon as a C0 node is reached, routing is 

performed according to greedy forwarding. A sample 

topology where 4 colors are sufficient to label all 

nodes is given in Figure 4. In the figure, the numbers 

in the nodes indicate the color they assume. Higher 

colors are rendered with darker shades of gray. A 

 

proof of the correctness of the Rainbow mechanism 

is given in the supplemental material document. That 

proof, including convergence of the coloring 

mechanism in finite time and the loop-freedom of the 
 
determined routes, is performed through 

mathematical induction on the number h of changes 

of color in the route from a node to the sink. ALBA-

R correctness is not affected by the presence of 

localization errors or by the fact that the topology 

graph is not a UDG, showing that our protocol is 

robust to localization errors and realistic propagation 

behaviours. 
 
4. PERFORMANCE EVALUATION: 
 
4. 1. Topology formation 

 

This module describes the basic operation. 

Deployment of sensor nodes, neighbour node 

calculation and elect the cluster head in WSN. 
 
4.2. ALBA (Adaptive load balancing algorithm) 

When making routing decisions, enhance 
 
greedy geographic forwarding by considering 

congestion and packet advancement jointly in 

ALBA.The new relay selection scheme, which 

implements MAC and routing functions in a cross-

layer fashion, achieves performance superior to 

existing protocols in terms of energy efficiency, 

packet delivery ratio and latency. 
 
4.3. ALBA-R (Adaptive load balancing algorithm 

+ Rainbow)  
The Rainbow mechanism allows ALBA-R 

to efficiently route packets out of and around dead 

ends. Rainbow is strong localization errors and to 

channel propagation damages. The network topology 

is no need to planer, unlike the previous routing 

protocols. So that the general face routing based 

solution and guaranteed packet delivery is realistic 

arrangement. 

 
5. SIMULATION RESULT  

ALBA_R mechanism provides higher packet 

deliver ratioand lower energy consumption.  
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Figure 5 Packet deliver ratio  
 
 
 
 
 
 
 
 
 
 
 

 

Figure 6Energy consumption 

 

6. CONCLUSION:  
In this paper the proposed and investigated the 

performance of ALBA-R, a new cross-layer scheme 

for convergecastinginWSNs. For achieving an energy 

efficient data gathering mechanism, the ALBA-R 

combines the handling of dead ends, awake-asleep 

scheduling, geographic routing, MAC and back to 

back data packet transmission. To reduce end-to-end 

latency and scale up to high traffic, ALBA-R relies 

on a cross-layer relay selection mechanism favouring 

nodes that can forward traffic more effectively and 

reliably, depending on traffic and link quality. 

Comparing the results of ALBA-R, GeRaF and IRIS 

with extensive performance evaluation,[5] show that 

ALBA-R achieves remarkable delivery ratio and 

latency. Also it can significantly limit energy 

consumption, outperforming all previous.solutions 

considered in this study. The scheme designed to 

handle dead ends, Rainbow, is fully distributed, has 

low overhead, and makes it possible to route packets 

around connectivity holes without resorting to the 

creation and maintenance of planar topology graphs. 

Rainbow is shown to guarantee packet delivery under 

arbitrary localization errors, at the sole cost of a 

limited inc in route length. Comparison with 

Rotational Sweep, a set of recently proposed 

mechanisms for avoiding connectivity holes, shows 

 

that Rainbow provides a more robust way of handling 

dead ends and better performance in terms of end-to-

end latency, energy consumption and packet delivery 

ratio. According to the experiment test, our 

simulation is validated model and confirmed ALBA-

R to be an energy efficient protocol with remarkable 

throughput and limited latency, which makes it 

suitable for real world applications. 
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