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Abstract: Heterogeneity in Wireless Sensor Networks 

is animportant feature to integrate various types of 

wireless sensor platforms into a general application. 

Utilization of a number of different wireless sensor 

network devices requiresknowledge with multiple 

programming details, deployment mechanisms and 

operating system concepts. Thus we propose a high 

level design framework that will provide simple 

abstractions to generate application code for the 

heterogeneous wireless sensor networks. Therefore this 

framework facilitates the application developers not to 

worry about the specific low-level programming details 

of each sensor platforms. The objective of the proposed 

work is to make the programming easy. In addition, 

automatic code-generation is expected to reduce the 

time to develop the program and prevent errors induced 

due to manual translations. Application developers may 

focus on their application logic instead of being 

concerned with the programming logic. 
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1. Introduction 

Wireless sensor networks (WSN) use small sized 

devices with some computation and short-range radio 

communication capabilities for controlling and 

monitoring the environments. However, IDE 

(Integrated Development Environments) and languages 

used to develop applications for WSN are involved 

different Hardware/Software platform leading to 

complexities, specifically when dealing with 

heterogeneous wireless sensor networks which 

composed of nodes with different hardware features, 

operating systems, communication standards, etc. [1] 

[2]. Although many application developers choose 

microcontroller assembly or C language to program 

WSN devices, researchers are looking for a more 

convenient and better way of programming the wireless 

sensor network devices. Several programming issues 

such as computational parallelism and hardware 

independence of the software have to be taken into 

account when choosing the programming language for 

WSN.The combination of resource constraints devices 

and lack of programming development tools make 

programming wireless sensor network difficult. 

 

WSN Programming languages are platform-specific in 

terms of both hardware / software. Hence the 

developers need to learn different implementation 

languages. It may lead to spending more time on 

debugging tasks and solving the low-level 

programming issues. It is necessary to have a high level 

abstraction framework that overcomes and protects the 

application developers and end-users from these 

hardware and software complications.Automatic Code 

generation for wireless sensor networks is a tricky task, 

since the generated source code is expected to workon 

heterogeneous platforms, which have different 

software/hardware implementations, architectures, 

programming models and programming interfaces [3] 

[4].  

 

2. Related Work 

In the HILAC framework, platform independent 

modelling of applications, hardware simulations and 

multi-platform auto code generation for WSN 

applications are developed. After the modelling the 

WSN application, HILAC generates ANSI C code from 

the refined Stateflow model using Stateflow coder. 

Then Target Language Compiler (TLC) generates the 

platform-specific source code for ZigBee and TinyOS 

based platforms from ANSI C code. By using the TLC 

scripts, application developers can automatically 

generate source codes for TinyOS and Ember ZigBee 

applications. Though the application code for these two 

platforms looks very different, TLC scripts generate the 

platform specific code for the developers [5] [6] [7]. 

Platform dependent code for different target platforms 

is generated from Architectural Analysis Description 

Language AADL. This AADL model captures the 

software/hardware aspects of the target platforms. The 

code generation algorithm generates platform-

dependent code for target platforms using code snippet 

repository. Two different platforms BarePlatform and 

FreeRTOS, which have two different programming 

language interfaces, are demonstrated in this 

framework for automatic code generation[8]. 

Common sensor network API proposes a basic 

framework, which provides an interface for Arch Rock 

and Z-wave kits. The functionalities of these two sensor 

network kits are analyzed in terms of network 

configuration, fault tolerance and access control [9].  
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This common API considers the some issues into 

account and solves the problem of having two different 

frameworks for these sensor network kits like Arch 

Rock and Z-wave. It mainly focused on managing and 

controlling these two sensor network kits. Though all 

this existing framework focuses on generating source 

code for multiple platforms and developing common 

API, the generated source code are platform-specific 

only.Our work proposes an auto code generation 

framework for heterogeneous wireless sensor networks, 

which generates a platform-independent source code 

for Wasp mote and Sensenuts platform. 

 

3. Auto Code Generation Framework 

We have used two different wireless sensor network 

platforms like Waspmote from Libelium shown in 

Fig.1 and SENSENuts from Eigen Technologies shown 

in Fig. 2. 

 

Figure 1. Waspmote @Libelium 

The Waspmote uses an ATmega1281 micro-controller, 

4KB EEPROM and 128KB Flash memory. 2GB SD 

Cards used for external storage. Wasp motes have the 

facility to plug in one or two modules with ZigBee, 

Bluetooth, GPRS or ZigBee PRO radios.We used 

ZigBee PROwith a built-in antenna for this work. This 

was also optimal, since our testing was done in one 

room and larger antennas were not needed. All wasp 

motes haveinbuilt USB interface. Waspmote is based 

on modular architecture. Separate components can be 

connected together to make the design of any system. 

The benefit of having modular architecture is that any 

one component (module) can be added or replaced 

without affecting the rest of the system. 

 

Figure 2. SENSENuts @ Eigen Technologies 

SENSENuts is a WSN research platform developed by 

Eigen Technologies for academic, research and 

industrial applications. SENSENuts mote uses the radio 

modulewhich comprises of microcontroller and 

transceiver. It also contains 32-bit RISC JN 5168 

Microcontroller and it uses Rx current of 17mA, Tx 

current of 15mA, controllable transmission power in 

the range -32 to +2.5 dBm and 2V to 3.6V for battery 

operation,  

APIs play an essential role in providing the partition 

between the low-level device functionalities and the 

application programs. This helps the user in the 

development of applications without taking into 

account the low level programming functionalities of 

the wireless sensor network devices. These APIs allow 

the application developers to build applications and use 

the resources efficiently. Although there may be 

common functionalities in the two types of sensor 

networks, a common framework is required that would 

work with both types of platforms. 

 

                 Figure 3. System Architecture 

This high-level abstraction framework generates 

automatic source code for heterogeneous wireless 

sensor network devices. Thus it provides the platform-

independence, Transparency and time-consuming 

benefits to the end-users as shown in Fig.3. The 

abstraction framework integrates the Wasp mote and 

Sensenuts libraries which defines all the functions and 

variables used to manage Waspmote ZigBee modules 

as well as Sensenuts mote. In order to ease platform 

independent development, this high-level abstraction 

framework provides a set of general library functions 

that can be used to provide platform- specific 

functionalities (e.g., getRssi, setPower, sendPacket, 

receivePacket). 
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Figure 4. High-Level abstraction framework

The implementation of a common high

abstraction frameworkshown in Fig.4 

developing the generic functionalities of two different 

target platforms. The Python scripts substitutes t

platform specific implementation and compiling it into 

a target platform automatically. Depending on the 

target platform such as Waspmote or SENSENuts, 

appropriate implementations of platform specific 

functions are added in the final generated code.

 
Graphical User 

Interface 

Waspmote 

Libraries 

SENSENuts 

Libraries 

Wasp 

Programming  

SENSENuts 

Programming  

    Wasp 

Mote  

   SENSENuts 

Mote  

 

Level abstraction framework 

ommon high-level 

shown in Fig.4 is done by 

alities of two different 

scripts substitutes their 

and compiling it into 

Depending on the 

such as Waspmote or SENSENuts, 

implementations of platform specific 

nal generated code. 

 

Figure 5. Auto code generation approach 

The auto code generation approach

automated by the appropriate Python scripts. The 

source code for Waspmote and Sensenuts platforms 

seems very different;python script performs the 

to add the platform-specific code.

interface shown in Fig.6 is developed 

user's interaction as efficient and simple

terms of accomplishing goal of automatic generation 

source code for heterogeneous wireless sensor 

networks. 

Figure 6. Graphical User Interface for Auto

generation 

The auto code generation framework for heterogeneous 

wireless sensor networks hides the complexities of the 

underlying hardware from the application developer 

and also it hides low-level programming difficulties 

from the programmer.  

4. Conclusion

     The Auto-code generation framework

programming paradigm to provide 

independent automatic code generation framewo

two different target platforms. It 

interfaces to the different types of hardware 

efficient Graphical User Interface for application 

developers to automatically generate the source code 

various applications of these two t

possible extension of this work would be to provide 

more generic functions for these platforms and 

extending the framework for other 

network devices. 
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Conclusion 

code generation framework provides new 

programming paradigm to provide platform-

independent automatic code generation framework for 

It also provides generic 

interfaces to the different types of hardware and an 

efficient Graphical User Interface for application 

developers to automatically generate the source code 

various applications of these two target platforms. A 

possible extension of this work would be to provide 
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