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ABSTRACT 
Most nodes in current wireless sensor networks are battery- 
powered and hence strongly constrained in their energy bud- 
get. While a variety of energy-efficient MAC protocols specif- 
ically tailored to sensor networks has been developed, the 
data rate limitation of the underlying hardware still repre- 
sents a lower bound for the time required to transfer pack- 
ets, and thus directly contributes to the energy requirement 
for transmissions. Further energy savings for given plat- 
forms can only be achieved by downsizing the packet, e.g. by 
means of in-network processing or data compression. In this 
paper, we present our approach towards an adaptive packet 
compression framework for sensor network applications that 
compresses sensor data with the locally optimal energy effi- 
ciency ratio. 

1. INTRODUCTION 
Wireless Sensor Network ( WSN) deployments commonly 
comprise sensor nodes which distributedly take measure- 
ments, process the data, and subsequently forward the re- 
sults to other nodes or external sinks [I]. Most existing 
platforms are powered by batteries, and hence inherently 
limited in their energy budgets. Once the entire battery 
charge has been consumed, the nodes stop operating and 
need to be replaced. Assuming a constant battery charge, 
there is a linear relation between power consumption and 
node lifetime, wherein the lifetime decreases with rising cur- 
rent consumption. Even solar powered nodes, such as the 
Trio platform [4], cannot completely tackle this challenge, as 
they rely on deployment in areas regularly exposed to direct 
sunlight. 

It follows from the correlation between current consumption 
and node lifetime that maximizing a node's lifetime can only 
be achieved by minimizing its overall energy requirements. 
As available sensor node platforms commonly employ dedi- 
cated radio transceivers, Sensors and peripherals, selectively 
disabling these components allows to measure the node's en- 
ergy consumption in different configurations. Exemplarily, 
the ciirrent consumption figures for the widely used tmote 
sky platform have been taken from the datasheet (91 and 
were plotted against each other in Figure 1. It is clearly 
visible that the radio transceiver exhibits a power consump 
tion that is about one order of magnitude higher than the 
corresponding values for the used microcontroller. 

As the employed CC2420 radio transceiver does not pro- 
vide low-power modes, a common solution to the problem 
of its comparably high energy consumption is limiting the 
time of its operation and putting it into sleep mode for the 
remaining period. Energy-efficient MAC protocols specifi- 
cally tailored to sensor networks, such as [7, 11, 3, 61, make 
use of such schedules and thus allow for significant energy 
savings. We anticipate that combining such MAC proto- 
cols with supplementary extensions to minimize the number 
of packet transmissions and the corresponding payload sizes 
can lead to even higher savings and an extended node life- 
time. 
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Figure  1: Power  consumpt ion  of t m o t e  sky  nodes  
(numbers  taken  f rom [9]) 

This paper compares two methods to reduce traffic in sensor 
networks (see Section 2) and outlines their mode of Opera- 
tion. Special emphasis is put on their applicability in WSNs, 
as resource-constrained devices generally exhibit character- 
istics that differ from common desktop Computers. Subse- 
quently, we present our approach towards an adaptive packet 
compression framework for sensor network applications in 
Section 3. By compressing sensor data with the locally opti- 
mal energy efficiency ratio, energy can be preserved and thus 
the node lifetime extended. The description of our vision is 
followed by an analysis of related work. Finally, conclusions 
and an outlook will be presented in Section 4. 



2. REDUCING TRAFFIC IN THE WSN 
Although several methods of reducing the size or number 
of packets in WSNs exist, we introduce two common so- 
1ut';on.s in this section. Data aggregation tries to optimize 
the number of transmissions th rou~hout  the sensor network. 
while da ta  compression strives for a local optimization of the 
amount of transmissions and their payload size. 

2.1 Data Aggregation 
If incoming packek and locally generated da ta  are addressed 
t o  the Same destination. combinine: these data sets into a 
single packet can effectively reduce the number of transmis- 
sions required [5]. For example, consider the linear topology 
depicted in Figure 2. The riglltmost node (S) acts as a sink 
t o  sensor readings from the remaining nodes ( A ,  B, C). 
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Figu re  2: A l inear  sensor  ne twork  topology  

If only one-hop connectivity is given, a total of six trans- 
missions are required to forward all measured data to the 
sink (depicted as  the multi-hop fonvarding case). Another 
downside of this issue is that  node C,  located next to  the 
sink, must forward a higher count of packets than A or B 
and will thus most likely deplete its energy budget first. 

Aggregating the incoming sensor da ta  with local readings 
and forwarding these results t o  the sink can reduce the re- 
quired number of transmissions from six to three in this basic 
scenario, hence achieving savings of 50% in the number of 
transmissions. This is indicated in the lower part of Figure 2, 
where only a single aggregated data packet is forwarded by 
each node. 

Although node distributions in real deployments might con- 
siderably differ from this example, it should be remarked 
that  the number of packets cannot increase by applying data 
aggregation. 

2.2 Data Compression 
Opposed to the previously described mechanisms of data 
aggregation, data  compression targets t o  locally reduce the 
packet payload size by increasing the information density 
within a packet. In general, compression algorithms can be 
classified as either lossless or lossy. While some applications 
(such as software updates) reqiiire a bitwise correct trans- 
mission of data, intrinsic offsets in sensor hardware might 
reduce the achievable accuracy and thus provide an applica- 
tion area for lossy compression. 

A variety of different approaches exist, and will be briefly 
introduced in Section 3.1. While generic compression al- 

gorithms often achieve good average compression ratios on 
various types of input data, algorithms adapted to specific 
applications often provide better performance, however a t  
the cost of being limited to a narrow application area. 

A common metric to evaluate the savings achieved by data 
compression is the energy cost per bit. Data compression 
is only feasible in terms of energy efficiency if the computa- 
tional efforts to  reduce the payload size by one bit are lower 
than the energy required for transmitting this additional 
bit. Depending on the used components, current sensor node 
platforms caii perform 4.000 to 2.000.000 CPU cycles [8] in- 
stead of transmitting a single byte, while still maintaining a 
positive energy balance. 

3. VISION 
The vision of our research is t o  develop a modular compres- 
sion framework, which can be deployed on nodes in a WSN. 
It comprises a set of different compression and decompres- 
sion algorithms, which can be adaptively selected, and even 
combined t o  achieve additional savings. By compiling the 
algorithms into packages, different compression methods can 
be dynamically selected, exchanged and updated during run- 
time. 

As many current sensor network applications follow pre- 
defined structure definitions in their output data  format- 
ting, different compression algorithms will typically produce 
differently sized output. The framework can either rely on 
application-defined preferences regarding the preferred com- 
pression engine, or compress an exemplary Set of sensor data 
with its available compressors prior t o  selecting the a l g e  
rithm with the highest energy efficiency. While this analysis 
might consume more energy before regular operation, it only 
needs to be performed once and will subsequently use the 
locally optimal compression algorithm. 

Additionally, applications can also specify delay bounds for 
the compression of their packets. This mechanism ensures 
that lengthy algorithms are avoided when low latency trans- 
missions are required. The framework is targeted to al- 
low dynamic updates and modifications of the compressors 
and/or compressor parameters during runtime. This allows 
to exchange slow implementations of algorithms with opti- 
mized ones and tune parameters to fulfill the application's 
needs. 

3.1 Related Work 
A variety of da ta  compression (and decompression, respec- 
tively) algorithms are well-known, although only few of them 
were specifically tailored t o  fit the needs of sensor networks. 
The emerging field of sensor networks however poses differ- 
ent constraints on resulting algorithms than common desk- 
top Computers do. Both processing power and available 
memory are tightly limited in sensor nodes, and their tight 
energy budget must additionally be considered. For these 
reasons, heavyweight compressors, such as partial predic- 
tive matching (PPM), or similar algorithms that  require big 
dictionaries to be stored in RAM, cannot be run on the 
nodes. The even more sophisticated PAQ compressor quotes 
a minimum RAM consumption of 35 megabytes, although 



values range up to 1712MB1. Barr and AsanoviL performed 
an analysis of several compression algorithms on a Compaq 
Personal Server handheld device in [2]. The platform fea- 
tured a 233MHz CPU with 32 megabytes of RAM, render- 
ing a direct mapping of the results to sensor node platforms 
equipped with low-power CPUs and a few kilobytes of RAM 
impossible. 

Other authors have noticed this discrepancy between highly 
demanding but efficient compression algorithms and sensor 
node capabilites, and have thus designed algorithms specif- 
ically adapted to sensor networks, such as S-LZW [8] and 
SBZIP [10]. However, Tsiftes et al. have mainly regarded 
software updates that were compressed before deployment 
in [10]. Software updates are deployed less frequently than 
data packets, and even when a higher number of packets are 
required t o  transmit an application image, the necessity to 
compress packet payloads still persists. 

4. CONCLUSION 
Limited energy budgets of sensor network nodes make data 
compression a necessity when energy savings are required. 
However, it is very likely that there is no universally optimal 
compression algorithm for sensor network data. Instead, 
the need to adapt t o  the payload contents and dynamically 
choose the appropriate compression algorithm that yields 
best compression rates whilst preserving energy is arising 
t o  keep the energy coiisumption low and thus enhance node 
lifetime. 

Compression algorithms implemented for desktop computers 
are generally not suited for sensor nodes, as they have high 
requireinents towards CPU and memory size. However, a 
lot of existing approaches and concepts can be applied in 
Sensors networks in modified forms. We propose the use of 
a modular compression framework that  can be dynamically 
updated during runtime, while automatically detecting the 
locally optimal compression scheme for application-specific 
data. 

When data from different sources is present in sensor nodes, 
generic compression algorithrns will not always yield opti- 
mum results. In such application scenarios, we expect our 
compression framework to outperform solutions that rely on 
a single static compressor and thus achieve high energy sav- 
ings. 
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