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Abstract. For wireless sensor network localization, the anchor nodes provide the reference location 
to other nodes and, hence, are a key component in the location-aware applications. In this study, the 
fixed or mobile anchor node with GPS location aware are proposed and implemented. The effects of 
environment on the location information of the anchor nodes are first measured and the variation of 
the measured data varies in the range of 50 mini-arcseconds. The anchor nodes are battery-powered 
and the fixed one is equipped an extra solar charging device. The power scheme combines the 
periodic wakeup with the moving detection using the Bayes decision rule. The power consumptions 
for each component are analyzed and the total power consumption is then formulated. By adjusting 
the wakeup period, the proposed GPS anchor node can be applied to many outdoor applications that 
require long last power with little maintenance. 

Introduction 

Location-aware has become the key component in almost all the wireless applications. Most 
location techniques in wireless sensor network (WSN) employ both the range-based and range-free 
schemes. The relative distances between nodes in the range-based schemes can be obtained using 
time of arrival (TOA), time difference of arrival (TDOA), angle of arrival (AOA), and the received 
signal strength indicator (RSSI) technologies [1,2]. The choice of the rang-based scheme partially 
depends on the hardware implementation. For example, the directional antenna or antenna array is 
recommended in implementing the sensor node if the AOA scheme is used [1]. On the other hand, the 
TOA or TDOA scheme may require hardware with the nano-second resolution, which is much 
impractical for current WSN node implementation [3].  Therefore, the most feasible way to the 
range-based localization is the utilization of RSSI, which is built-in feature of the RF chip in WSN 
mote. For the range-free scheme, various location schemes are derived based on the triangulation 
method with reference or anchor point [4]. No matter if the anchor point is fixed or mobile, the 
location of the anchor point is the most important factor for these schemes. For WSN outdoor 
applications, the GPS is the most popular choice for location information. To provide the RSSI-based 
distance estimation and reference location, the GPS is integrated with the WSN mote in this paper. 
The hardware and software design are described in next section prior to the section of results and 
discussions. Finally the conclusions are then addressed. 

GPS Anchor Node Design 

Hardware Design.  The proposed GPS anchor node consists of the Tmote Mini Plus [5], a GPS 
chip, power components and antennas. The Tmote Mini Plus includes the TI MSP430 



 

microcontroller, CC2420 RF transceiver, an amplifier, and a 1024KB flash memory. The ET-318 
GPS chip from  
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Fig. 1 The function diagram of the fixed GPS anchor node Fig. 2 The pictures of the 
proposed GPS anchor node 

 

GlobalSat [6] is employed in the node. For power management, a linear regulator, a low voltage 
current limit switch, and a 3-axis accelerometer are used. The switch controls the on/off status of the 
GPS chip and the accelerometer is designed to be a trigger component which wakes up the RF 
transceiver and GPS chip. The fixed GPS anchor node is supplied by two 2600 mAh Li-ion batteries 
which are in parallel and charged by a solar cellular board. Another lithium (Li) battery is installed to 
provide the powers to real-time counter (RTC) and SRAM in the GPS chip. The latest ephemeris is 
kept in the SRAM and the RTC can calculate the current ephemeris based on the stored ephemeris 
and the time passed. Two antennas are used in this node: one is an active GPS antenna for 1.5754GHz 
and the other is a quart-wavelength monopole antenna for 2.4GHz. The function block of the 
proposed GPS anchor node is shown in Fig. 1. Fig. 2 (a) shows the pictures of the mobile anchor 
nodes. The fixed GPS node with antennas, battery, and enclosure is shown in Fig. 2 (b). 
 

Software Consideration.  The proposed GPS anchor node is supported by the TinyOS [7] and all 
the software are developed by using the nesC. In addition to the MAC and network functions which 
are supported by the TinyOS, several application requirements are considered. These include the 
environment effects on the received GPS data, the power consumption, and the wakeup threshold.  

The GPS chip supports the NEMA protocol and returns the received data from a RS232 
connection to the MCU. Among the NEMA data sets, the global positioning system fix data (GGA) is 
used. One example of the received string is following: 

 

$GPGGA,021702.481,2458.0787,N,12116.0492,E. (1) 
 

The dollar sign denotes the beginning of the data set and $GPGGA is the message ID for GGA. The 
second column is the UTC time with the format hhmmss.sss, where h denotes hour, m denotes minute, 
and s denotes second. The third one is the latitude and the fifth one is the longitude.  The first two 
digits of the latitude are number in degree and the rest of the number is in arc-minute.  Similarly, the 
first three digits of the longitude are number in degree and the rest of the number is in arc-minute, too. 
The GPS anchor node is intended to provide the accurate reference location, which is usually an 
absolution position in longitude and latitude. However, the slight environment changes do affect the 
received position data. Therefore, the GPS position data at the installation sites should be measured 



 

as the initial template distribution and for future range-error calculation.  The measured position data 
for different scenarios are discussed in the next section. 

As listed on Table 1, the current consumptions of the GPS are the highest one and those of the RF 
chip are secondary. To reduce the power consumption of the GPS anchor node, the period of the 
periodic wakeup is chosen as long as possible. In addition, the moved wakeup is implemented by 
utilizing the data from a low power consumption 3-axis accelerometer. As shown in Fig. 3, the anchor 
node wakeups at a periodic time, performs the GPS data query, sends back GPS data and other data 
through the RF connection, and then goes back to sleep. As long as there is a node-moving status 
detected by the node, the node is wakeup and then performs the GPS location task. For evaluating the  

 

Table 1 The power consumption of main components 
Chip Mode Current 

Power Down 0.2μA 
Standby 1.1μA 

MCU 

Active 330μA 
Power Down 20μA 
Idle 426μA 
Receive 18.8 mA 

RF 

Transmit 17.7 mA 
Power Down 150.2μA 
Acquisition 42 mA 

GPS 

Tracking 35 mA 
ACCEL Power Up 350μA 

 
Figure 3 The operation of the GPS anchor node 

threshold of the accelerometer trigger, the measured accelerations are assumed to be the Gaussian 
distribution with mean, μ, and standard variation, σ. For n observations ( )nXXXX L,, 21= , two 
simple hypotheses ),(: 11 σμNPH = and ),(: 22 σμNPH =  with the same standard variation and 
weight are assumed. The Bayes decision rule [8] is then 
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where the H1 is the hypothesis of that the node is stationary, H2 is the hypothesis of that the node is 
moved. In the practical applications, the node could be moved and then stop again; hence, the 
stationary mean, 1μ , keeps change and then should be obtained from the actual measurements. The 

2μ is assumed to be Δ+1μ , where Δ is a parameter determined and optimized by the prior 
measurements. The (3) can be further derived as  
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where μ~  is the mean of the n measured data and 2/Δ=Δ . In the implementation, the 1μ  is the mean 
for previous bin which has 32 16-bit values, and μ~ is the mean for current bin. The measured data and 
false alarm rate is presented in the next section. 

Results and Discussions 

The location information by the proposed anchor node is firstly measured under different 
scenarios. Then the false alarm rates of the designed detection scheme are also presented in this 
section. As shown in Fig. 4, the received longitude and latitude data are affected by the environments. 
The unit of the horizontal axis in these two figures is mini-arcsecond (mas), which is 1/6000 of one 
arc-minute. The effect of the tree on the measured latitudes and longitudes is in the range of 50 mas. 
Also, the measured latitude inside the building is distributed from 500 mas to 900 mas. The measured 
data under the open space without any shielding are in the range of 5 mas. Hence, the initial 
distributions of the received GPS data should be recorded right after the installation of the anchor 
node. As long as the GPS is motionless, the mean values of the distributions are almost unchanged. 
Hence, if the GPS anchor node is not moved and the variation of the received data is broadening, then 
the environment is somehow changed. 

For moving detection, the root mean square error (RMSE) of measured acceleration data in an 
open space is a slightly higher than others, but the Gaussian function is still a good choice for this 
fitting because of its simplicity. Differences of the measured mean values for a variety of scenarios 
along the z-direction are within 0.01g. This implies that the variations of the measured data are almost 
the same as long as the position of the GPS node is stationary. According to the measured data, the 
false alarm rates of the moving detection are measured while the node is keep moving. As shown in 
the Fig. 5, the upper, middle, and bottom figures are the decision results while the z-axis acceleration 
direction is perpendicular (1800 against gv ), parallel, and perpendicular (900 against gv ) to the moving 
direction, respectively. The false alarm rate increases as the Δ  increases and that of the middle one is 
apparently higher than others. The false alarm rate of a stationary anchor node becomes large at 6<Δ . 
Hence, the best threshold of the moving detection for our proposed anchor node is 7=Δ . 
 

 
(a) (b) 

Fig. 4 The measured locations of the anchor node in mas under different environmental cases. (a) All the 
latitudes of the measured sites are 24 degree and 58 arc-minute. (b)All the longitudes of the measured sites 
are 121degree and 16 arc-minute. 

 



 

(a) (b) 
Fig. 5 The false alarm rates of the moving detection while the node is keep moving. Digit 0 and 1 stand for 
stationary and moving node. 7=Δ (b) 14=Δ  

Conclusions 

An anchor node with GPS position aware is designed and implemented in this study. The power of 
the anchor node is supplied by two 2600 mAh Li-ion batteries charged by the solar energy.  A rough 
test shows that the GPS anchor node can last almost 72 hours if the MCU reads the GPS data and 
sends data back through RF every 10 seconds. Hence, this GPS anchor node is suitable for outdoor 
wireless sensor network applications with little maintenance. As a side result, the received GPS data 
can be applied to detect the environment changes because those changes broaden the variation of the 
received data. The moving detection scheme provided utilizing the on board accelerometer is also 
measured, and the optimal threshold is then determined. More power schemes, including other 
moving detection rules, for the proposed GPS anchor node can be designed according to the 
application requirements. Hence, a flexible anchor node accommodated to different practical wireless 
sensor network applications is provided. 
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