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Abstract— As the complexity of systems is rapidly growing, the 

designers are moving towards use System Level Design 

Languages (SLDL) such as SystemC and SpecC. In this paper 

we use SystemC and SpecC languages for modeling and 

simulation of Wireless Sensor Networks (WSN). First we start 

on simple ECO model and add modular sections as increases 

as the complexity. In the next step, we add data encryption 

using DES algorithm for security reasons. The future steps 

include modeling the idel/active/work phases for nodes and we 

add Attenuation-Transmission-power checking model for 

estimation power dissipation among nodes. We also include 

IEEE 802.15.4 protocol module and buffer insertion module.  

We have simulated the proposed framework with simulation of 

3, 7 and 11 nodes in 3000 ms. The fidelity of simulations with 

SpecC and SytemC meet with 9.8% error and RMSD 4%. Our 

preliminary results from deployment of the functional-proven 

SystemC models into SystemC synthesizers, urges that it may 

be directly used in early stages of WSN nodes synthesis. 

Keywords-component; Wireless Sensor Network, System 

modeling, SystemC and SpecC languasges 

I. INTRODUCTION  

Networked sensor systems are seen by observers as an 
important technology that will experience major deployment 
in next few years for a plethora of applications. Typical 
applications include, but are not limited to, data collection, 
monitoring, surveillance� and medical telemetry [1]–[2]. 
Wireless Sensor Network consists of large number of sensor 
nodes. These tiny nodes consist of sensing, data processing, 
and communicating components. Sensor Network (SN) aims 
to provide an efficient and effective connection between the 
physical and computational worlds. In addition to 
algorithms, hardware and software architecture will 
significantly impact the effectiveness of SN. Furthermore, 
SN design methodologies will have an important impact on 
the cost and performance of SN. SN modeling and 
simulation is too important. In SN, the environment should 
be monitored entirely to obtain acceptable results. Different 
approaches have used for simulation and modeling of SN 
and WSN [4]. Traditional approaches consist of various 
simulation tools based on different languages such as C, 
C++, Java and partly matlab [4]. In the traditional techniques 
the main focus is based on analyzing the performance of 

wired and wireless sensor networks with analytical methods, 
computer simulation, and physical measurement. However� 
many constraints imposed on sensor networks, such as 
energy limitation, decentralized collaboration, and fault 
tolerance necessitate the use of complex algorithms for 
sensor networks. It appears that simulation is currently the 
primary feasible approach to the quantitative analysis of 
sensor networks [4]. On the other hand there is a gap 
between simulation and synthesis in the traditional 
approaches. Therefore the tasks done in the system 
specification, performance evaluation are not used directly 
during the synthesis. A New approach using SpecC is 
reported in [5]. Some new tries started to use SystemC-AMS 
[15]. The two main reasons for focus on SystemC are: One is 
the existence of very suitable facilities for simulation of 
concurrent and parallel phenomena's-where is strongly 
observed in massive wireless sensor networks-in SystemC, 
and the second is the near-to-hardware nature in SystemC 
specifications which could lead to rapid prototyping and less 
time to market in designs.  

In this paper we explain available WSN simulation 
techniques in section I. Traditional Approach on WSN 
Simulation System modeling is explained in section II and 
system is explained in section III. Modeling of ECO system 
with SystemC and SpecC languages are covered in sections 
IV and V. Modeling wireless sensor network and result are 
described in sections VI, VII and VIII. Finally we conclude 
the paper in section IX.  

II. TRADITIONAL APPROACH ON WSN SIMULATION 

There are different kinds of simulation tools specialized 
for WSN. GloMoSim [14] is a scalable simulation 
environment for wireless and wired network systems. It is 
being designed using the parallel discrete-event simulation 
capability provided by Parsec 1  [14]. Parsec is a C-based 
simulation language, developed by the Parallel Computing 
Laboratory at UCLA, for sequential and parallel execution of 
discrete-event simulation models. It can also be used as a 
parallel programming language. For developing protocols in 
GloMoSim, one should have some familiarity with Parsec, 
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but not as an expert. Most protocol developers write pure C 
code with some Parsec functions for time management.  

OMNeT++ [16] is a discrete event simulation 
environment. Its primary application area is the simulation of 
communication networks, but because of its generic and 
flexible architecture, is successfully used in other areas like 
the simulation of complex IT systems, queuing networks or 
hardware architectures as well. OMNeT++ provides 
component architecture for models. Components (modules) 
are programmed in C++, and then assembled into larger 
components and models using a high-level language such 
NED. Reusability of models comes for free. OMNeT++ has 
extensive GUI support, and due to its modular architecture, 
the simulation kernel (and models) can be embedded easily 
into target applications. 

III. SYSTEM MODELING LANGUAGES 

System modeling in a large extent is a matter of handling 
abstract and possibly incomplete information and trying to 
evaluate different solutions based on the system model [5]. 
Ease modeling system depends on the semantics and syntax 
of the used language. At present, there is no complete 
language available for entire system modeling but there are 
some System-Level Design Language’s (SLDL) being used 
extensively for following system-level design methodology . 

Two major candidates for system modeling are SpecC 
and SystemC languages. SystemC is now based on IEEE-
STD 1666-2005 [9]. SpecC and SystemC share many 
common features, such as dynamic sensitivity mechanism 
for dynamic scheduling of execution sequence. SpecC is 
better suited for the architecture exploration as compared to 
SystemC in terms of profiling and determination of 
execution sequence. The architecture refinement step 
involving allocation, partitioning and mapping is easier in 
SystemC compared to SpecC. SpecC and SystemC have 
similar capabilities in terms of support for transaction 
exploration, except for the determination of channel traffic 
which is much feasible with SpecC on account of its 
profiling capability. Both the SpecC and SystemC are 
equally capable for transaction refinement and the 
refinement process. SpecC and SystemC have similar 
capabilities in terms of support for communication 
exploration and equally capable for communication 
refinement [6]. 

The SpecC language was specifically developed for the 
specification and design of digital embedded systems, 
including hardware and software portions. Built on the top of 
the ANSI-C programming language, the SpecC language 
supports concepts essential for embedded systems design, 
including behavioral and structural hierarchy, concurrency, 
communication, synchronization, state transitions, exception 
handling, and timing. Since SpecC is a true superset of 
ANSI-C, so every C program is also a SpecC program [7]. 

SystemC is a C++ based modeling platform supporting 
design abstractions at the register-transfer, behavioral, and 
system levels. The SystemC classes add the necessary 
constructs to C++ for modeling systems and hardware at 
various levels of abstraction-from the abstract untimed 
models to cycle-accurate RTL models. The power of 

SystemC is that it can be used as a common language by 
system designers, software engineers, and hardware 
designers. The language is an attempt at standardization of a 
C/C++ design methodology, and is supported by the Open 
SystemC Initiative (OSCI) [8]. IEEE-STD-1666-2005 is 
SystemC Language Reference Manual Standard. This 
standard provides a precise and complete definition of the 
SystemC class library [9]. 

Beside other features, SystemC models a system with 
logic threads running in parallel. However, its simulator does 
not take advantage of the parallelism. It also recently is used 
during direct model synthesis from system specification [18-
20]. The above mentioned reasons and features are our 
motivation in choosing SystemC and SpecC for modeling 
and simulation. Our future experiments show that the 
synthesis is also very uniform using this approach. 

IV. WSN MODELING   

A sensor network is modeled as a set of heterogeneous 
entities. Sensor nodes deployed over the area of interest. 
They are triggered by a certain set of stimuli that eventually 
result in a sensor report that are transmitted to a remote base-
station. Three main types of sensor nodes need to be created 
and supported: 1) target nodes that do stimulation of the 
sensors, 2) sensor nodes that monitor events and 3) user 
nodes that query the sensors and are the final destination of 
the target reports. We primarily used the approach proposed 
in [5] then we entirely start from scratch and write down a 
modular framework for simulation capable to include various 
protocols, topology, security and more features. 

A. Node 

Node performs a simple task: take an analog sample, and 
transmit the data over the wireless link to one or more 
receivers. Node module functionally consists of three 
concurrent modules, which are analogous to the three main 
components of the node, namely, Analog-To-Digital (ADC) 
Converter, Microcontroller, and Sender. 

The ADC converts the analog signal into digital values. 
Sender transmits the data through the wireless channel only 
after forming a packet as shown in Fig. 1. Microcontroller 
controls the whole process by setting an interface between 
the two other sections. 

In the transmitted packet, preamble marks the beginning 
of the package, ADDR is the address of the receiving node, 
PAYLOAD is the data and CRC is the cyclic redundancy 
check. ADDR is added by the microcontroller and preamble 
& CRC are added by the transceiver. All the nodes perform 
the same function but at different frequency, data resolutions 
and data domains. ADC converts the analog value into 10-bit 
digitals. Module �C takes the data from the ADC, adds the 
address of the receiver node and provides the data payload 
for the sender module. Sender is analogous to the 
transceiver; it forms the packet by adding CRC and preamble 
to the payload and transmits the packet to the Sink. 

 
 

Figure 1.  Package Format 

Pre-amble CRC ADDR PAYLOAD 
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Figure 2.  Node module 

B. Sink 

Sink consists of two components, Receivers, and CPU. 
Receiver receives data from concurrent node module and 
sends to CPU Module. CPU first waits for the initial startup 
commands from the monitor and then waits receiving data 
from Receiver Module. It checks address of the receiver, if 
address is right then deletes address from data and starts 
sending 20-bit digital value to monitor. 

C. Monitor and Stimulus 

Monitor sends initial startup commands to the sink. Then, 
the monitor starts waiting for the incoming data from the 
station and after receiving the data packets it plots the motion 
data of node. Stimulus basically provides the test bench with 
the sample input data and performs the function of the 
sensor. 

V. OVERALL SYSTEM 

The basic model we used for as primary simulation is 
based on ECO [5].  This model is depicted in Fig. 4. The test 
bench consists of ECO System, Stimulus and Monitor. The 
ECO System consists of two similar Nodes and one Sink 
module executing concurrently. 

VI. COMPARISON ECO SYSTEM MODELING WITH 

SYSTEMC AND SPECC 

Network is simulated with SystemC and SpecC 
languages. Simulation time for system model is 3000 ms. 
Only difference between two codes is that because SystemC 
language is using wait command in the Sender and Receiver 
modules because SystemC is without handshake channel 
command.  

Fig. 5, shows comparision input and output received in 
the Monitor modules for the input sine wave from two 
networks. 

 
 

 

 

 

 

 

 

 

Figure 3.  Sink module 

 

 

 

 

 

 

 

 

Figure 4.  Overall ECO System 

The above results show that ECO system is successfully 
modeled in SpecC and SystemC languages and the 
simulation results were consistent. Any time varying input 
signal can be easily recovered and monitored in the Monitor. 
The maximum absolute value of differences in SpecC and 
SystemC is about 9.8% and its RMSD2 is about 4%. 

VII. MODELING WIRELESS SENSOR NETWORK MODELING 

WITH SYSTEMC AND SPECC 

Sensor node has two tasks in wireless sensor network: 1) 
receiving data from sensor module, 2) receiving data from 
other sensor node.  Therefore for change ECO system to 
wireless sensor network, we add Receiver process to Sender 
module and produce transceiver module. In this method 
received data from sensor transmit via other node(s) to sink. 
Fig. 6, shows structure node and sink in wireless sensor 
network. 

To increase security in wireless sensor network, we add 
DES [13] to our design. The algorithm is designed to 
encipher and decipher blocks of data. Inputs of this block are 
64 bits data and 64 bits key. Deciphering must be 
accomplished by using the same key as for enciphering, but 
with the schedule of addressing the key bits altered so that 
the deciphering process is the reverse of the enciphering 
process.  

Therefore, output data from Microcontroller enters to 
DES Encryption module, before sending to transceiver 
module, and finally transmitted to the Sink module. In Sink 
module after receiving data by receiver module, data 
decoded by decryption and processed by CPU. Fig. 7, shows 
structure of node and sink in wireless sensor network 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.  Comparision input and Output in SpecC and SystemC language 
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Figure 6.  Structure of node and sink in WSN 

Before sending data, the signal level in all those nodes is 
calculated according to the path loss formula 1/da. The 
attenuation exponent (a) is used in the path loss formula 1/da 
where d is the distance between transmitting and receiving 
nodes.  If the signal level in each node is larger than the 
receiver sensitivity, then it can be detected. 

Transceiver can send data to next node or sink by using 
IEEE 802.15.4 standard [12] (CSMA/CA policy) surrogate 
use of Preamble and CRC. 

IEEE 802.15.4 is a standard used for low rate personal 
area networks (PAN). It offers device level connectivity in 
applications with limited power and relaxed throughput 
requirements. Devices with IEEE 802.15.4 technology can 
be used in many potential applications, such as home 
networking, industry/environments monitoring, healthcare 
equipments, etc, due to its extremely low power features. 
The IEEE 802.15.4 offers device-level wireless connectivity 
at low cost. The low cost, here means lower manufacturing 
cost, lower installation cost and lower maintenance cost. The 
MAC protocol of 802.15.4 supports both contention-based 
medium access (Carrier Sense Multiple Access Collision 
Avoidance (CSMA-CA)) and scheduled-based medium 
access (Time Division Multiple Access (TDMA)) 
simultaneously [12]. 

 In CSMA/CA algorithm, ack is sent to destination node 
and if support ack by destination node, source node starts to 
transmit data to destination node. Adding this algorithm to 
wireless sensor network increases delay and lost path. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7.  Structure node and sink in WSN 

 
 

TABLE I.  DELAY (MS) DUE MODELING SENSOR NETWORK WITH 

DIFFERENT TOPOLOGIES WITH SYSTEMC LANGUAGE 

Language SystemC 

                 Node_No 

 

Topology 

3 7 11 

Primary wireless 

sensor network 
200 _ _ 

Wireless sensor 

network with DES 

security 

400 700 1000 

Wireless sensor 

network with DES 

security & 

Attenuation-

Transmission-power 

500 800 1100 

Wireless sensor 

network with DES 

security & 

Attenuation-

Transmission-power 

& IEEE 802.15.4 

700 1200 1600 

 

VIII. RESULT 

These codes are simulated with SystemC and SpecC 
languages. Simulation time for system model is 3000 ms. the 
entire network is simulated with three, seven and eleven 
nodes and one sink. The simulation result of the target 
systems in various topologies are presented in this section.  

The primary wireless sensor network is simulated with 
three nodes.  

Table I shows the Delay due four different topologies 
that using different number of nodes in SystemC language. 

Table II shows the Delay due four different topologies 
that using different number of nodes in SpecC language. 

TABLE II.  DELAY (MS) DUE MODELING SENSOR NETWORK WITH 

DIFFERENT TOPOLOGIES WITH SPECC LANGUAGE 

Language SpecC 

                 Node_No 

 

Topology 

3 7 11 

Primary wireless 

sensor network 
200 _ _ 

Wireless sensor 

network with DES 

security 

400 600 800 

Wireless sensor 

network with DES 

security & 

Attenuation-

Transmission-

power 

500 700 900 

Wireless sensor 

network with DES 

security & 

Attenuation-

Transmission-

power & IEEE 

802.15.4 

600 900 1200 
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IX. CONCLUSIONS 

In this paper we have presented a framework for 
modeling and simulation of Wireless Sensor Networks with 
SystemC and SpecC language. SystemC and SpecC can be 
used for system modeling but they include limitation for 
system modeling. Simulation of the system-level scenario 
shows that the total elapsed time strongly depends on the size 
of the WSN .In the proposed approach the following features 
are implemented and tested successfully: Simple ECO, Data 
encryption with DES algorithm, Attenuation-Transmission-
power in sending modes of nodes, IEEE 802.15.4 protocol. 
There are very wide range of other ideas may be stacked on 
the top of this framework including, node unique 
Identification, path registration, broadcast (multicast). In 
total, accurate modeling of SpecC is better than SystemC. 
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