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Abstract 
In recent years, the wireless sensor network is getting 

more and more popular and applied into many 

applications. Depending on different requirements, 

people usually use more than one sensor in their 

application, since the sensor is cheap, low power 

consuming and easy to carry. Besides, most applications 

require to identify the positions of sensor nodes to locate 

where the events occur. There are already many existing 

methodologies which can locate the accurate position of 

sensors. However, their algorithms are complicated and 

take more computing power which means more energy 

consumption. In some situations, we simply need rough 

position. For example, in our bio-sensing project, we 

only need to know in which sickroom the patient stays. 

Received signal strength indicator (RSSI) is widely used 

to locate positions. Nevertheless, the methodology which 

uses only single one RSSI to determine the position may 

get incorrect position since the RSSI is easy to be 

interfered by the environment. In this paper, we propose 

a methodology to improve this problem by using the 

redundant packet with dynamic power level. Our 

experiment results show that the proposed methodology 

has better performance. 

 

1. Introduction 
 

In the bio-sensing project, our system can detect the 

patients‟ heart beat rate to monitor the patients‟ 

condition. When the patients have some accidents, it will 

impact the heart beat rate, such as fever and dying. In 

this project, there is a functionality which can detect the 

sensor location by using the RSSI. Each room in the 

building will be set the base stations to collect the data of 

sensors. When the base station receives the packets from 

sensors, it can get RSSI value by estimating the strength 

of receiving signal. According to the value of RSSI, it 

can use this value to locate in which room the sensor is. 

Because the packet from one sender will be received by 

more than one base station, we can compare the value of 

each RSSI to determine where the sensor is. 

Theoretically, the base station which is closest to the 

sender has the largest value of RSSI, because the 

received signal strength is stronger than the others which 

are far away the sender. Therefore, when one situation 

happens, the medic can find the patient quickly to avoid 

the accident. 

However, the RSSI is very instable. It will be easily 

interfered by the environment, such as the obstacle in the 

building, dynamic target and some other reasons. They 

will make the estimation be inaccuracy. According to the 

report of the first experiment, there is a situation. There 

are two base stations. One is very close to the sensor and 

the other is far. But we find the closer one detects lower 

value of RSSI than the farer one, the monitor system 

estimates the location of sensor in the wrong room or 

place. This experiment is under 5 sensors and 3 base 

stations. So, the primary motivation is how to let the 

monitor system can estimate the right location of sensors. 

Moreover, the other situation is when the packet loss 

happens in the closest base station, the location will be 

also incorrect. This event also happens when there are 

more sensors.  

According to the normal using test before out 

experiment, we find there may be two situations which 

will interfere the estimation by using original method (i.e. 

using single on RSSI). The first situation is there are 

some places in the room will let the base station which is 

also in the same room become a “notspot”. This base 

station gets weaker signal than in other place, so the 

value of RSSI will be lower than the value detected by 

outside base stations. Then, the location estimation is 

error. The second situation is about the light-of-sight. 

For example, there is a glass window between the sender 

which is in the room and the base station which is in 

outside, and they will become light-of-sight. If the 

distance between these two nodes is short enough, the 

RSSI value detected by outside base station will be 

bigger than inside base station. But in the paper, we just 

talk about the first situation. 

The rest of this paper is organized as follows. Section 

2 is related works which talk about the method of 

localization. In section 3, we present our methodology. 

Section 4 and 5 are test environment and the result of 

experiment. Finally, the section 6 is problem discussion.  

 

2. Related work 
 

Wireless sensor networks are usually composed of 

hundreds or thousands sensor nodes. They have been 

applied into many applications. Most applications need 

to identify the locations of the sensor nodes to find 

where the events occur. Therefore, how to find the 

location of sensor node is an important issue. 



The localization algorithms can be divided to two 

categories, range-based and range-free. The algorithms 

of range-based method compute the distance between the 

target node and some anchors to estimate the location of 

the target node. But the methods of range-free do not 

depend on the accurate distance between nodes and 

nodes. The range-free uses the relation of the 

connectivity information to estimate the possible 

location of the target nodes. Therefore the range-based 

system is suitable in small-scale or indoor environment, 

and the methods of range-free usually operate in 

large-scale or outdoor environment. 

 

Range-based： 

 

The method of range-based estimates the location by 

the point-to-point distance or using the angle estimation. 

Some methods use additional hardware to detect the 

distance such as Cricket [2]. According to the limitation 

of the wireless sensor network, such as power 

consumption and cost, the range-based system may be 

used in small scale environment. The range-based 

localization estimates the distance between the sender 

and receiver by some features of the signal propagation. 

There are four common measurement used to detect the 

distance, ToA[3], TDoA[4], AoA[5], and RSSI[6]. 

 

Range-free： 

 

The range-free localizations [7][8][9] do not need 

absolute distance between the sender and receiver based 

on the feature of signal propagations to estimate the 

location of the target node. The methods of range-free 

estimate the possible location of the target node based on 

the connectivity of the nodes and their neighbors. 

Although the method of range-free may not be as 

accurate as range based, they don‟t need other additional 

hardware to support, so they cost less resource than 

range-based methods which are suitable in large scale 

environment. Some of the methods use the anchor nodes 

to help finding the possible location of target nodes. 

 

3. Methodology 
 

There may be an orientation problem will interfere 

the value of RSSI and cause the situations we mentioned 

previously. Without changing the hardware, we try to 

use dynamic power with redundant packets at first. The 

redundant packet has two advantages. First, the 

redundant packets let the base station get more than one 

RSSI value. Then the monitor system obtains more data 

to calculate the location. Second, using the redundant 

packet can make the packet loss rate lower. Besides 

using redundant packet, we also use dynamic power. 

There is a register in CC2420 [1] which can control the 

transmission power. If the sensor can change the power 

by each redundant packet, it will shrink the possible 

location. In other words, according to the power level 

down from each packet, the base station which can 

receive the packets will reduce, so we can delete these 

base stations which cannot get the lower power packet. It 

means these base stations are too far from the sensor. 

As shown in figure 1, we design a structure to 

implement this method. There are three kinds of sensor 

in this structure. 

The first one is “main base station”, which is used to 

connect to computer for analyzing and collecting the 

data from sub base stations. Second, there are several 

“sub base stations” which are used to receive the packets 

from sender. The third kind sensor is “sender” which is 

used to collect the sensing data and send the data to base 

stations. 

In figure2, we can see the sender will send more than 

one packet and they carry the same data, called 

redundant packet. These redundant packets have the 

same sequence number, because they carry the same data. 

Then, sub base station will collect the same sequence 

number packet and detect the RSSI values of each 

redundant packet. If the sub-BS finds the sequence 

number is changed, it will know this is a new data. The 

sub-BS will send the previous record to main base 

station and collect the new sequence number packets. 

Finally, the main BS receives the packets from these sub 

BSs. It will use a two dimensional array to put these 

packets from different sub BS. Then, the main BS will 

compare the RSSI value of each level which sub BS is 

the biggest and mark it. After the comparison, the system 

will calculate which sub BS is the most in the result of 

comparison. Then, we can decide the location is under 

the sub BS which is the winner. 

 

Sender  

Send packets with different power level 

Main BS 

Main BS will collect the packets from these sub 

BSs. Then, compare which BS has the biggest 

RSSI value at each level, just like “vote”. 

Sub BS2 Sub BS1 Sub BS3 

Figure 1. Flow chart 



Sender packet format: 

Node ID Sequence number Power level Heart Beat Rate 

 

Sub base station packet format:: 

BS ID Node ID  Sequence 

number 

Level 1 Level 2  Level 3  Level 4 Level 5 …. 

 

Main base station data structure: 

BS ID 1 Node ID 
Sequence 

number 
Level 1 Level 2 Level 3 Level 4 Level 5 …. 

BS ID 2 Node ID 
Sequence 

number 
Level 1 Level 2 Level 3 Level 4 Level 5 …. 

BS ID 3 Node ID 
Sequence 

number 
Level 1 Level 2 

Level 3 Level 4 Level 5 
…. 

 

Record array:                            

 

 

 

Figure 2. Packet format 
 

 

4. Test environment  
 

We performed our experiment in our laboratory. 

There are a balcony and an aisle outside in opposite side. 

We put 3 sub base stations in different areas which are 

aisle, laboratory, and balcony. The main base station is 

set in the laboratory. Then we do two different tests as 

following. 

First, we randomly choose 5 test points in the room. 

Each point collects 20 cycles duration and each cycle has 

different number of packets which are depend on how 

many power level it uses.  

Second, we aim to the problem point and we collect 

50 cycles at each time.  

 

5. Result 
 

The sender will send different number of redundant 

packets, and each redundant packet is with different 

power level. No matter how many redundant packets we 

send, there must be one packet with the maximum power 

level, because to receive the patient’s condition is the 

highest priority. Therefore, we must let one of sub base 

stations to receive the packet.  

As shown in figure 3, when we test these five points, 

we find that the methodology using only one RSSI can 

get correct position in most area. However, in some 

points, we will get incorrect position. The accuracy will 

degrade. 

 As shown in Figure 4, we aim to these problem 

points. Then we did another test by using our method. 

When the number of redundant packet is one, it means 

we only use the maximum power level to deliver one 

packet during one cycle. It is original method. In number 

one to five, the results are low, because the power levels 

we use are not strong enough to send packet to sub base 

station. They only get one packet which is used the 

maximum power level. Then, after 5 redundant packets, 

the sub base station can get more the one packet in one 

cycle, so the accuracy will become better. We also add 

another sender to generate more network traffic. Then, 

we can observe the traffic will affect the accuracy. 
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Figure 3. Average accuracy of 5 points 
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Figure 4. Accuracy of problem area 
 

6. Problem 
 

According to our results of experiment, we can make 

this conclusion. There are some “notspots” in indoor 

environment. We can distinguish the environment 

around the notspot to three parts. In figure 5, the first 

Level 1 

Winner 

Level 2 

Winner 

Level 3 

Winner 

Level 4 

Winner 

Level 5 

Winner 

… 



section is notspot. In this part, the signal strength is too 

weak to do localization. The second part is normal area. 

In this part, everything is regular. The third part is 

between the normal and notspot. If we use the original 

method in this area, the accuracy will degrade. But our 

method is work in this area, it will reduce the error rate. 

The second problem is about how to decide the 

number of redundant packets. We use the different 

packets with different power level to test the accuracy in 

several point of room, and there is always a maximum 

power level in each test. For example, if we use one 

redundant packet, then we only have one packet which is 

with maximum power level. If we use two redundant 

packets, then one is with maximum power level and the 

other is with level 0. If we use three redundant packets, 

then one is with maximum power level, another one is 

with level 0, and the last one is with level 1 and so on.  

The first value (one redundant packet) is the original 

method, which only use the maximum power to send 

packet and decide the location. As shown in figure 3, we 

can find the first four tests have the similar value. 

Because these levels of packet are not strong enough 

to be received by base stations, they are just like only 

sending the maximum power level. After these four tests, 

the base station can get more than one packet. Actually, 

the power level which starts to be able to be received by 

base station is decided by how the base station 

deployment. As shown in figure 4, this is about putting 

sender only at a special point which makes more error 

estimation than other point. In this figure, we can see 

more clearly about how much error estimation we 

improve. According to the result, we find about 9 

redundant packets which can get most accurate result, so 

we use the power level from level 4 to level 9 with one 

maximum power level to do this test. 

Actually, it depends on the environment. The 

environment is different and the result will be different 

too. Because if the room is small, the power level we 

need may become small too. We can just use the small 

range of the lower power to cover the whole room. If we 

use too much higher power level in a small room, the 

range may cover other sub BS of another room. It may 

make the percentage of error estimation higher. 

The third problem is about collision problem. When 

we use more redundant packet to achieve our goal, the 

packet collision will occur more frequently. Then the 

collision becomes a problem, because if redundant 

packet loss, it will affect our measurement. We did a 

simple test. We turn three senders on at the same time. 

Each sender sends 5 redundant packets once. The sub BS 

just receives 3 packets. We can use additional existing 

protocols or methods, such as TDMA or random delay, 

to avoid packet collision. 

If we use the redundant packet, it will cost more 

power to send packets. About this part, because we use 

the dynamic power, the power consuming will be lower 

than using static power, and the transmission power is 

not usually a big part of the total consuming power. 

Therefore, we think this problem may not impact the 

power saving too strongly. 

 

 

Figure 5. Notspot environment 
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