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Abstract 
WSN monitors an environment by sensing its physical 
properties. Sensor and actuator networks i.e. SANET 
basically extends the concept of WSN to mobile actuation 
systems. An optimization method that requires moderate 
memory and computational resources and yet produces 
good results is desirable, especially for implementation on 
an individual sensor node. Bio-inspired optimization 
methods are computationally efficient alternatives to 
analytical methods. Cellular signaling cascade is one the 
bio-inspired technique that can produce good results in a 
sensor network. This paper discusses the SANET. The 
work also explains the cellular signaling cascade along with 
existing work done in SANET using the cellular signaling 
cascade.   
Keywords: Wireless Sensor Network, SANET, 
Cellular Signaling, Artificial Immune System. 

I. Introduction 
 

Large-scale sensor networks will be based on 
wireless communication by using radio wave, 
inductive or capacitive coupling, light or even 
acoustic waves for communication [1]. Each sensor 
device constitutes an autonomous computing device. 
Individual sensors have limited computational 
processing and electrical power. Complex processing 
and the usage of a large amount of memory are not 
feasible. When a large amount of sensor devices are 
interconnected they constitute a massively distributed 
system [2]. Sensors are often densely deployed in an 
ad hoc manner and most sensors do not have a 
predetermined location. Furthermore, a centralized 
control in these networks becomes impractical. In 
order to save energy, these networks have sensors 
that typically run with low duty cycles. Hence the 
amount of processing of individual nodes and the 
message exchange between devices are kept to a 
minimum. Due to these characteristics conventional 
methods in network design such as a unique 

addressing, centralized routing schemes, centralized 
clock distribution etc. fail to meet the constraints of 
massively distributed systems [1]. Similarly, 
sensor/actuator networks (SANET) extend the idea of 
wireless sensor networks to mobile actuation 
systems, e.g. robot-like systems. In general, such 
SANET are build of cooperating mobile autonomous 
systems that allow some kind of actuation, e.g. 
handling, mobility [3, 4].  
 
With WSN and SANET, new issues appeared that are 
not covered by existing communication methods and 
protocols. Some of these issues are inherent in the 
idea of interconnecting thousands of networked 
embedded systems, other evolve based on particular 
application scenarios of WSN [3]:  

• Node mobility – In general, sensor networks 
are believed to be stationary, i.e. to have a 
fixed topology – at least in terms of node 
location. Admittedly, node mobility is 
becoming a major concern of new 
application scenarios such as logistics. 
SANET, on the other hand, inherently 
include location dynamics and mobility.  

• Network size – In contrast to other 
networks, the number of nodes that are 
building a network on demand can be very 
high. Structured networks such as the 
Internet benefit from a hierarchical 
organization and a centralized management 
of sub-networks. WSN and SANET are 
infrastructure-less networks facing 
scalability problems if too many nodes are 
concerned.  

• Deployment density – Depending on the 
application scenario, the node density in a 
WSN can be very high. This may break 
existing medium access control protocols 



International Journal of Engineering, Applied and Management Sciences Paradigms, Vol. 16, Issue 01, June 2014 
An Indexed and Referred Journal 

ISSN (Online): 2320-6608 
www.ijeam.com 

 

IJEAM 
www.ijeam.com 

50 
 

and lead to energy exhaustion just for 
neighborhood detection [3].  

• Energy constraints – Instead of having 
unlimited energy for computation and 
communication, energy constraints are much 
more stringent than in fixed or cellular 
networks. Usually, sensor nodes are battery 
operated and in certain cases, the recharging 
of the energy source is impossible. We 
distinguish replenishable power sources, e.g. 
for wearable sensors, nonreplenishable 
power sources, e.g.  For sensors deployed in 
remote, hazardous terrain, and regenerative 
power sources.  

• Data / information fusion – Limited 
bandwidth as well as the mentioned power 
constraints demand for aggregation 
techniques. Each data packet that has to be 
transported through a WSN is expensive. 
Aggregated data reduce the energy 
consumption and provide higher usefulness 
[3]. 

The coordination and control of SANETs is still an 
emerging research area. Usually, the applications 
follow the classical approach as depicted in Fig. 1 
(left). Sensor nodes are continuously analyzing the 
environment (measurement). The measurement data 
are transmitted to one or more fixed systems for 
further processing. Then, the actuators are controlled 
by explicit commands that are finally executed 
(actuation). The measurement and the control loop 
are shown by corresponding arrows. Obviously, long 
transmission distances have to be bridged leading to 
unnecessarily high transmission delays as well as to a 
questionable communication overhead in the 
network, i.e. possible network congestion and energy 
wastage [5]. 
 

 

Fig. 1. Operation And Control Of Sanets: 
Centralized (Left), Network-Centric (Right). 

Self-organization of the SANET is considered the 
final solution to build energy efficient SANETs that 
allow real time operation without complex global 
state maintenance [6]. The favored system behavior 
is shown in Fig. 1 (right). Self-organization 
methodologies are used to provide network- centric 
actuation control, i.e. a processing of measurement 
data within the network and a direct interaction with 
associated, i.e. co-located actuators [5]. 

 
Computer scientists and engineers have often looked 
into nature for inspiration in search for solutions to 
complex problems. In biological systems there are 
many cases where complexity is handled by 
individuals with limited capabilities. By using simple 
rules for the behavior and the interaction among 
individuals a global optimum can be achieved on a 
large, system-level scale. Sensor networks as well as 
biological systems need to adapt to the varying 
environmental circumstances including the ability to 
self-organize, scale efficiently and to provide robust 
and resilient operation for the long-term survival of 
the system. These characteristics constitute the basis 
for the development of different approaches and 
algorithms at different network layer for efficient, 
robust and resilient communication and information 
networks [8]. 

II. Artificial Immune System 
 

Artificial   Immune algorithm [5] is   based   on   
clonal selection principle and is a population based 
algorithm. The AIS is inspired by  the human 
immune system which is a  highly evolved, parallel 
and distributed adaptive system that exhibits the 
strengths like: immune recognition, reinforcement  
learning,  feature  extraction,  immune  memory,  
diversity  and  robustness.  The mutation operator is 
the efficiency deciding factor of this technique. The 
steps in AIS are as follows [13]: 

• Initialization of antibodies (potential 
solutions to the problem). Antigens 
represent the value of the objective function 
f(x) to be optimized. 

• Cloning, determines the resemblance or 
fitness of each antibody. Based on this 
fitness the antibodies are cloned which 
means the best antibodies are cloned mostly. 

• Hyper mutation: The clones are then 
undergoes to a hyper mutation process in 
which the clones are mutated in inverse 
proportion to their affinity. The clones are 
then evaluated along  with  their  original  
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antibodies  out  of  which  the  best  N 
antibodies are selected for the next iteration 
[13]. 

III. Cellular Signaling 
 

Information exchange between cells, called signaling 
pathways, follows the same principles that are 
required by network nodes. A message is sent to a 
destination and transferred, possibly using multiple 
hops, to this target. Within complex organisms, such 
as mammals, cells are organized according to their 
physiological function. Permanently, neighboring 
cells have to inform each others that everything is 
normal, e.g. by sending growth factors, telling the 
neighbor: "Keep on growing ". But also information 
from far away in the body can be received via a 
"telephone wire" called the blood. Via these 
pathways, information can be received and sent and 
have to be processed by the receiving cell [9]. 
 
Basically, the term signaling describes the 
interactions between single signaling molecules. 
Such communication, also known as signaling 
pathways, is an example for very efficient and 
specific communication. Cellular signaling occurs at 
multiple levels and in many shapes. Briefly, cellular 
interactions can be viewed as processing in two steps. 
Initially, an extracellular molecule binds to a specific 
receptor on a target cell, converting the dormant 
receptor to an active state. Subsequently, the receptor 
stimulates intracellular biochemical pathways leading 
to a cellular response [11]. In general, the following 
two cellular signaling techniques can be 
distinguished [12]:  

• Intracellular signaling – The signal from 
the extracellular source is transferred 
through the cell membrane. Inside of the 
target cell, complex signaling cascades are 
involved in the information transfer (signal 
transduction), which finally result in gene 
expression or an alteration in enzyme 
activity and, therefore, define the cellular 
response. 

• Intercellular signaling – Cells can 
communicate via cell surface molecules. In 
this process, a surface molecule of one cell 
or even a soluble molecule, which is 
released by one cell, directly binds to a 
specific receptor molecule on another cell. 
Soluble molecules such as hormones can 

also be transported via the blood to remote 
locations.  

A key challenge for biology is to understand the 
structure and the dynamics of the complex web of 
interactions that contribute to the structure and 
function of a living cell. In order to uncover the 
structural design principles of such signaling 
networks, network motifs have been defined as 
patterns of interconnections occurring in complex 
networks at numbers that are significantly higher than 
those in randomized networks [10]. A couple of 
approaches have been discussed using artificial 
signaling networks. Most of this work is targeting 
programming schemes for massively distributed 
systems such as sensor networks. In the following, 
two of the most successful approaches will be 
introduced: RSN and Fraglets. Another approach is 
on parallel execution of IF–THEN constructs using 
artificial cell signaling networks with molecular 
classifier systems. 

a. Rule-based sensor network 
Rule-based Sensor Network (RSN) is a light-weight 
programming scheme for SANETs [5]. It is based on 
an architecture for data-centric message forwarding, 
aggregation, and processing, i.e. using self-describing 
messages instead of network-wide unique address 
identifiers. It has been shown that RSN can 
outperform other SANET protocols for distributed 
sensing and network-centric data preprocessing in 
two dimensions: (a) reactivity of the network, i.e. the 
response times for network-controlled actuation can 
be reduced, and (b) communication overhead, i.e. the 
bandwidth utilization on the wireless transmission 
channels was improved. 
 

b. Fraglets 
A metabolistic execution model for communication 
protocols was named Fraglets [10]. Similar to RSN, 
this model is also based on the concept of data-
centric communication. Furthermore, the execution 
relies on the unification of code and data, featuring a 
single unit called ‘‘fraglets” that are operands as well 
as operators. Fraglets have surprising strong ties to 
formal methods as well as to molecular biology. At 
the theory level, fraglets belong to string rewriting 
systems. 
 
IV. Rule Based System 

 
Inspired by the capabilities of cellular signaling, i.e. 
the specific reaction to received information and the 
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possibility to build signaling networks defining 
complex reaction pattern, for this  a technique 
developed a rule-based programming system for 
application in SANETs [5]. The primary design goals 
were a small footprint to enable the application of 
RSN on small embedded systems, easily transferable 
code, flexibility, and scalability for network-wide 
operations (basically, RSN provides the tools and 
concepts but the specific application needs to be 
designed properly as well). The rule-system greatly 
helps in designing distributed algorithms for use in 
self-organizing massively distributed systems. As 
described in the introduction, RSN was inspired by 
early rule-based systems that have been developed in 
the context 
of active networking solutions [7]. 

RSN is based on following three design objectives 
that enable the mentioned objectives [8]: 

• Data-centric communication { Each 
message carries all necessary information to 
allow data specific handling and processing 
without further knowledge, e.g. about the 
network topology. 

• Specific reaction on received data { A rule-
based programming scheme is used to 
describe specific actions to be taken after the 
reception of particular information 
fragments. 

• Simple local behavior control { We do not 
intend to control the overall system but 
focus on the operation of the individual node 
instead. Simple state machines have been 
designed, which control each node (being 
either sensor or actor) [8]. 

These goals are achieved by using a simple rule 
system that enables the node to process received 
messages and to initiate adequate state and message 
specific operations. Thus, all received messages are 
stored in a buffer (source set)[8]. 

V. Related Work 
 

In Falko Dressler et al. [9] research the existing work 
develops RSN. RSN is the concept of network-
centric operation and control based on adapted 
mechanisms as known from cell biology. The result 
is an architecture for data-centric message 
forwarding, aggregation, and processing. In the 
existing technique cellular signaling cascade in 
SANET to reduce the congestion in the network. The 
author evaluated the efficiency of RSN, multiple 
sensor nodes are continuously measuring 

environmental conditions and transmit this 
information to a central base station. They analyzed 
that RSN leads to reduced network congestion (on 
average we measured 2,300 collisions) compared to 
the DYMO scenario (42,300 collisions). The 
simulation results, RSN outperforms classical ad hoc 
routing techniques by far in a typical SANET 
scenario. The paper motivates the development of 
RSN for improved scalability and real-time support 
for operation in Sensor and Actor Networks.  

 
VI. Conclusion 
 
The paper reviewed the SANET and the cellular 
signaling cascade. The paper also discusses the 
exiting role of cellular signaling cascade in the sensor 
and actuator network. In Future the cellular signaling 
cascade can be applied in SANET to enhance the 
QOS i.e. to increase the PDR and to reduce the 
E2Edelay. The cellular signaling cascade mapping 
with SANET will reduce the energy consumption.  
This can be done by using the RSN and treating the 
data packets as the cell and using the signaling 
property to route the data packet from source to 
destination. The signaling property will cascade the 
data packet from node to node to reach the 
destination. 
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