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Abstract— Wireless communication technologies have advanced over years of research work and developments. In recent 
times wireless sensor networks have received significant attention from researchers due to its unlimited potential. However 
despite all this effort at providing improved services in these areas, issues still remain unsolved and many more have emerged 
based on the proffered solutions. On these embedded platforms, once all low power design techniques have been explored, 
duty-cycling the various subsystems remains the primary option to meet the energy and power constraints. In this paper, we 
present the design and optimizations taken in a wireless gateway node (WGN) that bridges data from wireless sensor networks 
to Wi-Fi networks in an on-demand basis. We discuss our strategies to reduce duty-cycling We compare the design choices and 
performance parameters with those made in the Intel Stargate platform. 
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I. INTRODUCTION 
 
A wireless sensor network (WSN) is a computer 
network consisting of many small, 
intercommunicating computers equipped with one or 
several sensors. Each small computer represents a 
node of the network and is commonly called sensor 
node. The communication within the network is 
established using radio frequency transmission. All 
sensor nodes are equipped with specific sensors 
tailored to their measurement tasks. One or several 
sensor nodes act as root nodes and represent the data 
sink in the network. The typical hardware components 
of a sensor node are the sensors, a signal conditioning 
unit, an analog to digital conversion (ADC) module, a 
central processing unit (CPU) with random access 
memory (RAM), a radio transceiver and the power 
supply (see Figure 1). A physical implementation of a 
sensor node is displayed in Figure 2. Various 
hardware wireless sensor networks platforms are 
commercially available today, which offer the basic 
functionality together with specific sensing 
capabilities [5]. The diversity of platforms offers the 
possibility to choose a platform which best fits the 
needs of a specific application. Contrary to 
conventional monitoring systems, which usually have 
a centralized system configuration and data 
acquisition software, a WSN is a distributed data 
acquisition system. Each sensor node executes 
software that provides the functionality for performing 
many tasks:  

 scheduling and execution of the 
measurement tasks  

 

 
 signal conditioning and data acquisition 

for different sensors  
 temporary storage of the acquired data  
 data processing  
 self monitoring  
 time synchronization of the network  
 management of the data acquisition and 

processing configuration  
 reception and forwarding of data packets  
 Coordination and management of 

communication and networking.  
The sensor node software of a WSN for civil structures 
that supports different sensors and data processing 
algorithms is described in [1]. Because of the very 
limited memory resources, the software is usually 
tailored to the specific sensors and tasks of a sensor 
node in order to keep its size as small as possible. 
Often, the software is written in NesC [2], an 
extension to the C language. The basic functionality 
like time synchronization, multihop functionality etc. 
is provided by TinyOS [7], a widespread operating 
system for WSNs that has been ported to many WSN 
platforms. TinyOS is highly tailored to the limited 
resources of the node hardware. NesC as well as 
TinyOS are both Open Source projects 
(www.tinyOS.net). 
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Fig 1 Hardware architecture of a sensor 

 

 
Figure 2.  Physical implementation of a sensor node 

 
II. RELATED WORK 
 
The network consists of a set of sensor nodes, and each 
node has three main hardware components, sensors, 
filters and microcontroller, and radio for wireless 
communication. Figure 3 is a schematic of the major 
components of a node. For the measurement of 
low-level and high-level accelerations, two 
commercially available MEMS accelerometer sensors 
are used each in two directions (one horizontal and 
one vertical). The importance of separating real-time 
monitoring functions that have to be optimized for low 
power from functions invoked with light duty-cycles is 
first unveiled in the development of the WINS nodes 
[11]. The WINS node enables continuous sensing over 
an extend period of time by partitioning the system 
into a low powered event-detection subsystem and a 
high powered processing subsystem which can be 
enabled or disabled on demand[12, 7]. Triage [7] 
extends the lifetimes of their Micro-servers by trading 
latency for power reduction. Its tiered architecture 
consists of a slightly modified Stargate computer and a 
MicaZ mote, which is used to power on the Stargate 
only when sufficient amount of data are being batched 
for processing. Due to the large latency in powering 
on/off the Stargate, their platform is not usable for our 
gateway application in terms of delay and power 
consumption. The LEAP platform [3] faces similar 
issues as stated in their future work section. The 
PASTA platform [13] also uses an Intel PXA255 
processor. Since their demonstrated mode of operation 
is to keep the processor module in sleep state (7.3mW) 
during periods of inactivity to save power, no 

experiments and latency numbers are reported for 
activating this module from power-off state. 
 
III. WIRELESS SENSOR NETWORK 

ARCHITECTURE 
 
The first step in designing a sensor network is 
deciding on the physical quantities to measure. In the 
case of a structure as a dynamic system, the 
measurement of acceleration is the most 
straightforward, but is recognized that acceleration is 
an indirect function of damage and structural 
condition [16]. Although sensing displacement is 
possible (using global positioning system (GPS) 
technology, for example), the reliability, accuracy, 
and sampling rate are not yet sufficient for many 
applications, particularly those needing 
high-frequency sampling of small displacements. 
Strain measurements could provide a direct measure 
of damage, but the installation, operation, and 
interpretation of reliable strain sensors on a large 
structure is difficult [10]. Consequently, accelerations 
provide useful information about structural vibration 
characteristics, so they are adequate for the primary 
goal of this investigation, which is to examine the 
scalability of wireless sensor networks. The network 
must be designed for fast sampling rates for temporal 
scalability, and reliable command dissemination and 
data 

 
Figure 3.  Schematic diagram of sensor node 
collection over many nodes to provide spatial 
scalability. Considering the sampling rate for 
accelerations or other structural response quantities, 
the lower vibration frequencies of a structure are 
generally on the order of 10−1– 10+1 Hz, but higher 
sampling rates are desirable for two reasons. Local 
features of response are characteristic of much higher 
vibration frequencies and, second, high-frequency 
sampling can be used to reduce noise and increase the 
signal-to-noise ratio [4]. High frequency sampling, 
however, complicates time synchronization of nodes 
over the network and may generate large volumes of 
data that need to be managed, processed, and possibly 
transmitted.  Another design requirement is that the 
network must have high communication reliability to 
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transmit data and disseminate commands without loss 
of information (packet loss). Particularly for rare 
events, such as an earthquake, data loss is not 
acceptable [8]. For ambient vibration applications, 
data loss would have the effect of increasing the noise, 
which would make modal identification more difficult. 
In this work the requirement of no data loss is adopted. 
High-frequency sampling, multihop communication, 
and reliable data transmission are stringent 
requirements.  
 
IV. METHODOLOGY OF DESIGN 
 
Figure 4 and Figure 5 shows a high-level block 
diagram of our design. To minimize standby energy 
consumption, we exploit the low power operation of a 
sensor node processor and use it for subsystem 
scheduling and power management. A second, more 
powerful application processor is used to provide on 
demand processing capabilities to subcomponents 
such as the Wi-Fi radio, which are physically 
connected to the application processor. Power to each 
individual subcomponent is either controlled directly 
by the sensor node processor or indirectly by the 
application processor through the sensor node 
processor. We use a serial interface for inter-processor 
communication because it is supported in various 
forms by most of the existing sensor node processors. 
 

 
Figure 4 WGN Block Diagram 

 

 
Figure 5 WGN Architecture 

 
Unlike the PASTA platform [13] where multiple 
microcontrollers are used to regulate power to the 
modules, we have the sensor node processor acting as 
the “master “device for power management. Our 
approach simplifies the design while also taking 
advantage of the fact that the sensor node processor is 
almost always on for sensing or networking purposes 

[18]. This enhances the efficiency of running the 
power management itself. Besides supporting the 
low-power sleep mode as described in the PASTA 
paper, we also want to be able put the application 
processor in and out of power-off mode without 
introducing significant energy and latency overheads. 
In contrast to the low-power sleep mode where a 
certain amount of power is still consumed by the 
application processor running in power saving modes, 
a processor uses no power at all while in power-off 
mode. However, it generally takes less time to resume 
a program from low-power mode when the program is 
either suspended or running at a slower speed than to 
reload the entire program by powering the application 
processor back on from power-off mode [14]. While it 
is clear that having minimal standby power 
consumption would extend the operation time, some 
real time applications also have time constraints, as 
they need to complete certain tasks within a fixed 
amount of time. Instead of making the power and 
latency trade off at design time, the sensor node 
processor needs to be able to put the application 
processor into either low-power mode or power-off 
mode at runtime based on application requirements.  
To reduce the energy and latency overheads in 
activating the application processor from power-off 
mode, we found it is critical to minimize both 
hardware and software startup time. On the hardware 
side, commercial microcontrollers for embedded 
devices are usually designed to support fast startup. 
On the software side, it is important to minimize the 
amount of the code that needs to be loaded and 
executed every time during boot up. This includes both 
OS and application specific code. For our specific 
WGN application, we use the power saving mode of 
the 802.11b protocol [14] to lower the latencies in 
switching the Wi-Fi radio in and out of low-power 
mode. We develop techniques to take advantage of 
certain features of the power saving mode of the 
802.11b protocol [14] to further reduce 
communication and synchronization overheads in 
terms of energy and latency 
  
V. EXPERIMENTAL RESULT 
 
The performance of our power management schemes 
is compared using the WGN with the performance of 
the following two commonly used schemes on the 
Stargate:- 
1. Suspend-Wi-Fi Scheme: Suspend the Wi-Fi radio 
only. 
2. Suspend-System Scheme: Suspend both the Wi-Fi 
radio and the Stargate computer. 
The Stargate data are based on measurements from 
[5]. We combine the latencies that are reported 
separately for the Wi-Fi radio and the PXA255 and 
compute the average power consumption. Similar to 
our approach, the authors in [5] measure data Thus 
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Figure 6 shows the average system power 
consumption of the five schemes running under 
various working-periods and at a fixed 1% duty cycle, 
which is very common for sensor networks. With a 
fixed duty cycle, the time spent doing real work 
increases in proportion to the duration of the 
working-period, and therefore the average amount of 
real work per unit time remains constant. Large 
duty-cycle latencies mean less sleep time. The WGN 
running our power-gating scheme performs about 6 
times better than the Stargate running the 
suspend-system scheme for large working-periods 
where the active power dominates [17]. For short 
working-periods where the transition (enable/disable) 
power becomes dominant, we perform up to 7 times 
better. Figure 7 shows the lifetimes of our WGN and 
the Stargate running the five schemes under various 
working-periods and at a fixed 1% duty cycle. They 
are computed based on a power supply of 2200 mAh at 
3 volts from a pair of AA batteries. The WGN could 
last longer with smaller duty cycles because of the 
extremely low sleep-power. Although it is possible 
with some hardware modifications to eliminate the 
sleep power of the Stargate processor by powering it 
off and to reduce the active-power of the Stargate 
processor by dynamic voltage scaling (DVS) [7, 3], 
our WGN would still perform better because of lower 
duty-cycle latencies [19]. This is a direct result of the 
new  architecture we propose. While it seems that the 
enable/disable latencies are not important in terms of 
average system power consumption for applications 
that are dominated either by active or sleep power, 
they are critical in determining the responsiveness of a 
system. A large latency in activating a subsystem from 
low-power or power-off mode would be prohibitive for 
many sensor network applications to employ 
duty-cycling, not to mention the energy overhead 
associated with the delay. Smaller latencies also 
provide additional space for applications to trade 
latencies for energy savings. Figure 8 shows the 
system response time under different power 
management schemes. When running power-gating 
scheme, our WGN is about 12 times better than the 
Stargate running the suspend-system scheme. 
The WGN running the power-saving scheme is about 
16 times better than the Stargate running the 
suspend-Wi-Fi scheme. 

 
Figure 6.  Average System Power consumption under various 

working-periods at a fixed 1% duty cycle 

 
Figure7.  Lifetimes under various working periods and at a fixed 

1% duty cycle 

 
Figure 8.  System response time 

 
CONCLUSION 
 
Wireless sensor nodes are increasingly being tasked 
with computation and communication intensive 
functions while still subject to constraints related to 
energy availability. Our work is directly comparable to 
the emerging Micro-servers that are being explored to 
solve a large body of sensor network research 
problems. It is able to improve the performance of duty 
cycling with respect to energy and latencies by 
reducing software and networking protocol related 
overheads and through careful system integration. 
The result is a platform that supports efficient power 
management through duty-cycling 
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