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Abstract- In this paper, we outline an approach to improve the lifespan 
of a wireless sensor network by introducing a variant to standard sleep 
synchronization protocols. A multilayered architecture is used. To 
ensure even higher scalability and lower message size in any particular 
layer, number of layers is limited to four and each layer is broken into 
grids. Each grid acts a localized network where data aggregation and 
lifetime maximization algorithms are being run. In standard sleep 
protocols like GAF, each grid must have one of its nodes in active state. 
Our sleep protocol considers one node per grid to be in the idle 
listening state called the ‘doze’ state for a fixed interval of time. Thus 
we propose a multi-state proactive algorithm in the form of the Sleep 
Doze Coordination (SDC) protocol to lower the duty cycle of each 
sensor node and maximize the network lifespan with lower power 
consumption. Node buffers are provided to bring about higher data 
accuracy and lossless network operation. Thus the node does not have 
to remain active throughout its ‘on’ period and its overall lifespan 
increases for a given amount of energy. Results indicate that near-
optimal performance of SDC is achieved when buffer size is large 
enough to hold 25 data messages. SDC increases network lifetime by 
approximately 20% over previous protocols like GAF and S-DMAC. 
This buffered approach to the SDC protocol is called the Lossless SDC 
(LSDC) protocol. 
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                                 I.  INTRODUCTION 
 

IRELESS sensor networks (WSN) are gaining popularity in 
numerous applications from military surveillance to under 

water event sensing. WSNs can be easily deployed to various 
environments to monitor target objects and various conditions, 
and to collect information. Typically WSNs have a large number 
of sensor nodes that can communicate among themselves and 
also to an external sink or a base station. Data aggregation is 
performed periodically to collect the most critical data from the 
sensors and make them available to the sink [1]. But, it has to 
preserve enough energy to maximize network lifetime and 
simultaneously ensure high performance of network 
(throughput) and a threshold level of data accuracy [1], [2].  
     This paper focuses primarily on these aspects when sensor 
network is put to use in low energy applications. In the lines of 
real-life layered sensor deployment environments [8], we 
propose a grid-based WSN (GB-WSN) architecture. Each layer 
is composed of multiple grids. Data flows from the bottom layer 
to the top [2] (fig. 2). Sleep synchronization algorithms like 
Geographic Adaptive Fidelity (GAF) [5] and Sensor D-MAC 
[14] run in the lower layers to allow for a maximum period of 
sustenance of network connectivity. Our contributions to the 
previous work are as follows- 
   i)  As opposed to two state protocols (GAF), we excogitate a 
five state sleep protocol, in the process lowering the duty cycle 
[12] and making it more cost effective and increasing network 
lifetime. 
   ii) In the quest for an optimal buffer size, we have used a 
power aware buffering (PAB) approach proposed in [3] and we 

 have mathematically shown the variation of duty cycle with the 
buffer size and energy consumption of the network.  
    The network for GB-WSN [9] is composed of four distinct 
layers namely:    
   i)   Layer C – This layer has a master-slave architecture (e.g.-
pico nets in Bluetooth [6] ). The bottom layer has two sub-
layers:-        
   a)   The lower sublayer (C lower) of comparatively inexpensive 
sensors like static seismic, acoustic detectors or thermal sensors. 
In this layer, even nano-sensors such as Carbon nano tubes 
 

                       
 

Fig. 1 – Layered Architecture of the grid based WSN (GB-WSN) 
 

may be used for detection of specific organic and inorganic 
impurities in ocean water for pollution detection. Cupper layer 
sensors act as cluster heads or sinks to Clower layer sensors. Node 
deployment should be in redundant numbers to ensure network 
coverage.   
    b) The upper sublayer (Cupper) of expensive relay nodes, 
sensors like visual cameras or recording devices. They are 
capable of mobility and unlike Clower are provided with buffers 
(PAB). Also these sensors may possess satellite uplink capacity 
and GPS devices as in Coastal Radars (CODARs). Most 
importantly, they carry an auxiliary microprocessor-based device 
containing a timer and a radio. This device can be switched on 
and off by the node, and the timer can also be set by it. We will 
be discussing SDC protocol for this layer in Section III. The 
optimal size of Cupper layer node buffers is calculated in Section 
IV. 
  ii)   Layer B - the middle layer has the cluster heads that route 
data from the lower level sensors to the base station. Cluster 
heads can be dedicated cluster heads or dynamically selected 
from lower layer sensors.       
  iii)  Layer A - the top layer or the base station. We consider 
this layer to be a black box. It is involved in processing of data 
aggregated by the network.    
       The rest of the paper is divided as follows, Section II 
describes the background and related work for GB-WSN and 
LSDC protocol, Section III describes the network architecture 
and the LSDC protocol, Section IV mathematically establishes 
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        It is possible that, several other nodes also extend their 
sleep durations like this and wake up simultaneously as soon as 
P goes to sleep. In that case, only one of these will actually doze 
and the rest sleep again, for time Td. The node that will doze can 
be decided by negotiation among the contending nodes in the 
Interactive Mode. This node can be selected by different 
strategies: 

1) RANDOM: A node is selected randomly to doze. The 
other contenders can sleep. 

2) MBPF (Maximum Battery Power First): The contender 
with maximum battery power left is selected. This is a 
heuristic aimed at maximizing network lifetime. 

3) LSF (Longest Sleep First): The node among the 
contenders that has slept the longest ever since its last 
round of dozing is selected. 

        Once the contention (if any) has been resolved, the selected 
node enters the doze state. In this state it may receive 
information from Clower (BEACON). Since the only node in ‘on’ 
state is not in active state, data that arrived while the node is 
dozing has to be buffered. Node buffers may be of two types:(i) 
Fixed Size buffer where data is drained out after a fixed buffer 
size is reached and (ii) Fixed Interval buffer where data is 
drained out after a fixed interval. However, the authors of [3] 
have shown that approach (i) slightly outperforms approach (ii). 
Hence Cupper nodes using SDC adopt a buffer with fixed size.  
       After the doze interval is over, the CPU module of the node 
turns on and it analyzes the buffered data (if any). If it feels 
necessary, it can enter the Active State by turning on its sensing 
circuitry. In that case, whenever it receives a BEACON-I [15], it 
replies with a BEACON-II, signaling the broadcasting node to 
enter Active State. The sensors are capable of mobility and can 
also align themselves in order to achieve best network coverage 
in this phase. Depending on information from its peers, cluster 
head calculation takes place. 
       A node may remain in active state as long as necessary, and 
then return to sleep state. The duration of the sleep state will 
elongate to make up for the energy loss while sensing. However, 
one must doze. 
       A node that has finished dozing for time Td but cannot enter 
sleep mode because all other nodes are sleeping is in the Sleepy 
State. As a node enters sleepy state it sets the timer to 0, which 
keeps on incrementing. It enters Sleep State as soon as it hears a 
BEACON-I. The sleep duration is elongated as the Ts is added to 
the contents of the accumulator of the auxiliary device’s 
microprocessor, and this value is the length of extra dozing.

 
Fig. 4 - State Transitions in LSDC protocol. 

 

      The corresponding protocol is called lossless sleep-doze 
coordination protocol (LSDC). The topology control method is 
same as that of GAF. This is a strictly pro-active approach to 
lifetime maximization as wakeup time is algorithm dependent. 
So, the doze period of a node is deterministic. This approach is 
better than a probabilistic one in terms of energy-efficiency 
(since the node can remain in doze period longer) but it is 
expensive since it needs a buffer. However the buffer ensures 
lossless operation of network. But the network may be slow in 
responding to information from lower level.  
 
1 Procedure Node;
2 Begin 
3 Set timer to Ts; 
4 While (no timer click) sleep; 
5 Interactive(); 
6 Set timer to Td; 
7 While (no timer-click) doze(); 
8 Analyze buffer data; 
9 If (action needed) active(); 
10 Else if (no other node dozing) sleepy(); 
11 Else node(); 
12 End Node; 

 
13 Procedure Interactive; 
14 Begin 
15 Send Beacon; 
16 If (reply received) do 
17 Set timer to indicated value; 
18 While (no timer click) sleep; 
19 Interactive(); 
20 Else if (BEACON-II received) active(); 
21 End Interactive; 

 
22 Procedure Doze; 
23 Begin  
24 Set timer to Td; 
25 Switch off CPU and transmitter; 
26 While (no timer-click) {} 
27 End Doze; 

 
28 Procedure Active; 
29 Begin 
30 Turn on sensors; 
31 While (sensing necessary) do 
32 Sense and communicate to upper layer; 
33 If (BEACON-I received) send BEACON-II to sender; 
34 End while; 
35 Negotiate who will doze; 
36 If selected doze(); 
37 Node(); 
38 End Active; 

 
 

Fig. 5– Lossless Sleep Doze Coordination (LSDC) in Layer Cupper nodes  
 
              IV. MATHEMATICAL MODELLING 
 
In vertical hierarchy [6], sensor motes are deployed in (say) n 
layers one above the other as shown in Fig. 6a. The nodes at 
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  Fig. 8 – (a) Contrasting of the fraction of nodes surviving in GAF-b 
and SDC (b) Energy Consumption vs. Effective Duty Cycle curve 
 
 
                               VI. CONCLUSIONS 
 
      This paper introduced the SDC protocol that includes idle 
listening as a separate state within the standardized sleep 
protocol for wireless sensor networks. The introduction of the 
‘doze’ state in SDC successfully reduces the overall power 
consumption of the network by lowering the duty cycle of the 
network. LSDC has been thoroughly described and relevant 
mathematical and simulation results have been presented and 
matched. Both analytical and simulation results show that SDC 
outperforms the previous standard for sleep protocols, GAF in 
terms of the average network lifespan. The later protocol S-
DMAC was proposed to improve performance by further 
reducing power consumption over GAF to save energy for harsh 
conditions. SDC also overcomes the limitations of S-DMAC 
protocol by decrementing the overall power consumption. Also, 
the network is organized in horizontal grids to lower message 
transmission cost by reducing message size. Buffers 
incorporated in nodes reduce the data loss overhead when in idle 

state. Data messages are buffered in doze state and processed in 
active state. The time to doze and active time are fixed 
deterministically due to the fixed size of the buffer and this 
approach is found to decrease the power consumption of the 
network as a whole. Thereby this approach also contributes in 
increasing the delay tolerance of the network to some extent. 
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