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Abstract- Wireless sensor networks (WSNs) are a key technology in information gathering for smart grid, smart home 
automation, health care, etc. However, the battery lifetime of a sensor node is always the major concern of WSNs. To 
increase the battery lifetime of a sensor node, this paper implements an efficient power saving algorithm and evaluates its 
performance. The proposed algorithm significantly reduces the power consumption of a sensor node while preserving the 
accuracy of the recovered data trajectory at the sink node. The performance of the algorithm was evaluated by using ZigBee 
CC2530 devices and an oscilloscope to measure their power consumption. The measurement results demonstrate that the 
power saving performance and data accuracy of the proposed algorithm are outstanding. 
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I. INTRODUCTION 
There are several kinds of technologies to achieve the 
goal of smart control, such as Bluetooth, Wi-Fi, 
ZigBee, Ant+, Modbus,etc.Wireless sensor networks 
(WSNs) are one of the key technologies in smart 
control applications. However, WSNs are usually 
battery powered.  Hence,how to extend the battery 
lifetime becomes an important issue. Severalpapers 
had proposed methods to reduce the power 
consumption of sensor nodes, such as controllingthe 
sleep cycle[1][2], beacon scheduling[3], adaptive rate 
control[4], transmission power control [5], and idle 
listening [6]. Bluetooth version 4.2hasemergedin last 
December [7]. The feature of Bluetooth 4.0 standard 
series is the low power mode. Hence,Bluetooth low 
energy technology springs up more and more 
applications, such as smart watch, smart wristband, 
sport monitor usage, medical propose, wearable 
device, etc. Additionally, most of cell phones and 
portable devices use theBluetooth low power 
technology.Therefore, it is convenient to use 
Bluetooth low energy to developvarious applications. 
The newest Bluetooth version 4.2 hasadvantages of 
high privacy, high speed (2.5 times than the older 
version), and IP connection capability. Thus, it maybe 
becomes the spotlight in the future.  
ZigBee[8], a low cost wireless sensor network based 
on IEEE 802.15.4, is designed for many applications, 
such as the smart home, smart control, and smart 
building. ZigBee plays akey role in environment 
sensing. Various environmental parameters such as 
the temperature,illuminance, humidity,and smoke, 
can be measured using different sensors. Since the 
wireless sensorhas low power consumption, it can 
normally workfor at least half year without replacing 
the battery. One of the main designs of ZigBee is 
guaranteedtime slots. A device reserves the 
guaranteed time slot when it has data to send.If it has 
no data for transmission,it enters the sleep mode to 

save the power. With these two main features, ZigBee 
is an excellent choice for several applications. 
In [10], we proposed the algorithm using data 
filtering and distortion prevention to save the power 
of WSNs and preserve the data accuracy. However, 
only simulations were conducted to evaluate the 
proposed algorithm in [10].Therefore, this work 
intends toset up areal system to evaluate the power 
saving algorithmsthat we proposed in [10]. To 
conduct the measurement and evaluation on a real 
system, we construct a testing system in this work. 
ZigBee is used in our testing system becauseitis much 
easier in programmingand cheaper than other 
solutionsfor the smart home/building control 
applications.To evaluate the data accuracyunder the 
proposed power saving algorithm, different 
thresholds are considered. We use athermometer with 
high resolution to measure the temperature. The 
power consumption of a sensor node is measured 
using an oscilloscopeunder different degrees of 
variations of temperature. Generally, the temperature 
in a room varies slowly. Thus,it is unnecessary to 
transmit all sensed data and the number of data 
transmissionssignificantly reduces if a proper 
deviation threshold is used, yielding good power 
saving performance. 
The rest of this paper is organized as follows. Section 
2 describes the testingsystem for theproposed data 
filtering and distortion-prevention algorithms. Section 
3presents the measurement results. Finally, Section 
4gives the concluding remarks. 
 
II. EXPERIMENTALSYSTEMS 
 
2.1. Equipment and system structure 
We implement the proposed algorithm usingZigBee 
development tool with TI chip CC2530that includes 
temperature and humidity sensors. We usethe 
thermometer T&D TR73U with high accuracy and 
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resolution to monitor the real temperature.The 
oscilloscope Tektronix DPO 5000 series is used to 
measure the actual current variationofa sensor node 
(end device) in sending data. Figure 1 shows the 
system configuration. 
 

 
Fig.1.System configuration. 

 
2.2. Proposed power saving algorithms 
Algorithm 1 gives the power saving algorithm 
proposed in [10]. In Algorithm 1, only the sensed 
data that are deviated from the pilot term by over the 
threshold  need to be sent to the ZigBee coordinator. 
Algorithm 1:Data filtering & distortion-prevention 
algorithm 
At the sensor node: 
if (n mod p = 0)       // n : time index 
{ pilot_term = xn; Send pilot_term;   } 
else if(|xn – pilot_term| >) 
Send n = xn–pilot_term; 
 
At the sink node: 
if(no data received) 
x୬ = pilot_term; 
else if( received data is pilot_term) 
x୬ = pilot_term; 
else  x୬= pilot_term + n; 
 
The sink node (coordinator) of a ZigBee network can 
directly connect tothePCthatis responsible for 
receiving data from the sensors nodes. That is,the 
ZigBee coordinator in our experiments is not battery 
powered. Thus, we only consider the power 
consumption ofthe sensor nodes in our experiments. 
First, we write simple codesof Algorithm 1 into a 
sensor node (end device) to implement the power 
saving function.  In our experiments, we set various 
threshold values for underthe environments with 
differentdegrees of variationsof temperature and 
monitor the power consumption of the sensor node. 
Second, we measure the power consumption of a 
sensor node to evaluate the power saving 
performance of the proposed algorithm. To achieve 
this goal, we must know thedrivecurrent of the sensor 
node when it is sending data. There are several ways 
to realize this purpose.The easiest way is to use the 
API provided by the chip.However,whether the 
APIcan return correct results or not needs to be 
verified. In general, data transmissionsaccount for 

most of the power consumptionof a sensor node 
[9].Therefore,we must know the variation of the 
sensor node’s battery after each data 
transmission.However, it is difficult to measure the 
variation of the sensor node’s battery accurately 
because the variation is too small for each data 
transmission. Hence, we adoptanother precise way to 
measure the actual current needed ineach data 
transmission. We use the oscilloscope and current 
probe to measure the current flow between the battery 
and theZigBee development board.  Inexperiment 
results, we present the power consumption of a sensor 
nodeunder the environments with low and high 
degrees of temperaturevariations. 
 
Finally, we slightly revise the proposed algorithm in 
[10] to improve the power saving performance further. 
When the temperature varies slowly with time, i.e., 
|xn – pilot_term| , then the sensing rate of the 
sensor node is reduced by half. By this way, the 
number of sensing or transmission events reduces 
further.Algorithm 2 gives the revised algorithmat the 
sensor node. 
 
Algorithm 2:Reviseddata filtering & distortion-
prevention algorithm 
 
At the sensor node: 
if (n mod p = 0)       // n : time index 
{ pilot_term = xn; Send pilot_term;   } 
else if( |xn – pilot_term| >) 
  { sensing_rate = default_value; Send n = xn–
pilot_term;  } 
else                 // the temperature variation is less 
sensing_rate = default_value/2; 
 
III. MEASUREMENTRESULTS 
 
3.1. Drive current 
As mentioned in Section 2.2, we monitor the 
currentvariationof a sensor nodeusing the current 
probe of an oscilloscope. The measurement 
resultsaregiven in Figs.2and3.According to Figs. 2 
and 3, one can observe that the current valueineach 
data transmission is about16 mA. Figure 2 shows the 
current variation of a sensor node in the default mode 
that has no power saving function. Figure 3 shows the 
current variation of a sensor node using the proposed 
power saving Algorithm 1. 
In the default mode, the sensing rate of the sensor 
node is fixed at 4 (1/s) and all sensed data are always 
sent to the ZigBee coordinator, as shown in Fig. 2. 
However, in Fig.3 the data transmission 
frequencyreduces significantlysince only those data 
deviated from the pilot term by over the threshold  
need to be sent. According to themeasured current 
value in data transmission and the number of data 
transmissions, one can easily compute the power 
consumption of a sensor node during the 
measurement interval. 
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Fig.2. Current variation in default mode. 

 

 
Fig.3. Current variation in Algorithm 1. 

 
3.2. Power consumption of a sensor node 
Based on the results of Figs. 2 and 3, the power 
consumption of a sensor node with or without a 
power saving functioncan be computed. Figures 4 and 
5 give the power consumption of a sensor node. 
According to Figs.4 and 5, the power consumption 
decreases significantly as the thresholdincreases. 
However, in the default mode(equivalent to 
Algorithm 1 with = 0), the power consumption is 
irrelevant tothe condition 
oftemperaturevariation.From Fig. 4, one can observe 
that the power consumption of a sensor node with a 
power saving algorithm is muchless than one percent 
of that without a power saving function under high-
degree variation of temperature. 
 

Underthe condition of high-degree variation of 
temperature, the power saving performance of 
Algorithms 1 and 2 is similar, as shown in Fig. 4. 
However, under the condition of low-degree variation 
of temperature, Algorithm 2 outperforms Algorithm 1 
from the aspect of power consumption, as shown in 
Fig. 5.  To further compare the performance of 
Algorithms 1 and  2, the  power  consumption  under  

 
Fig.4. Power consumption of a sensor node underhigh-

degreevariation of temperature. ( = 0.2) 
 

 
Fig.5. Power consumption of a sensor node underlow-degree 

variation of temperature. ( = 0.2) 
 

 
Fig.6. Comparison of power consumption between Algorithms 

1 and 2. 
 

various threshold values are measured in Fig. 6. By 
Fig.6, the performance of Algorithm 2 is slightly 
better than that of Algorithm 1 in terms of power 
consumption. This is because when the temperature 
varies slowly, the sensing rate reduces so that the 
number of data transmissions also decreases, yielding 
less power consumption. If the temperature varies 
abruptly, then a larger sensing rate must be used to 
follow the temperature trajectory. Consequently, the 
revised Algorithm 2 using the dynamic sensing rate 
can reduce the power consumption of a sensor node 
further. 

Data transmissions 
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Fig.7.  Data accuracyperformanceof Algorithm 1. ( = 0.2) 

 

 
Fig.8. Data accuracyperformanceof Algorithm 1. ( = 0.2) 

 
3.3. Data accuracy of proposed algorithms 
To evaluate the data accuracy of the proposed 
algorithms, the temperatures sensed at the sensor 
node and recovered at the coordinator are compared 
in Figs. 7 and 8, with the threshold values 0.2 and 0.4, 
respectively. The actual temperature ismeasured 
every 10minutes in Figs.7 and 8. The results in Figs. 
7 and 8 indicate that the recovered temperature tightly 
follows the actual temperature measured.  

Additionally, the recovered temperature data at 
the ZigBee coordinator are accurate no matterwhat 
the threshold value 0.2 or 0.4 is used. Therefore, the 
proposed power saving Algorithm 1 preserves the 
data accuracy very well. Similar results are obtained 
for Algorithm 2, so the results are omitted here. 
 
CONCLUSIONS 
 
In this paper, we implement the power saving 
algorithmsandevaluate their power consumption 
performance usingtheZigBee devices. The proposed 
algorithms use data filtering and distortion-prevention 

schemes to save power consumption and preserve the 
data accuracy. The sensed data need be sent only 
when theydeviates from the pilot term by over agiven 
threshold value. Additionally, the sensing rate of a 
sensor node may decreaseto further save power if the 
variation degree of environmental parameters is low. 
All experimental results show that the proposed 
Algorithm 2 performs the bestin terms of power 
consumption. In the future, we will consider addingan 
efficient sleep cycle to save more power for wireless 
sensor networks. 
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