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            Abstract
          
        

        
          In the indoor location estimation system, which has recently been actively studied, the received signal strength indicator contains a high level of noise when measuring the signal strength in the range between two nodes consisting of a receiver and a transceiver. To minimize the noise level, this paper proposes an improved adaptive smoothing filter that provides different exponential weights to the current value and previous averaged one of the data that were obtained from the nodes, because the characteristic signal attenuation of the received signal strength indicator generally has a log distribution. The proposed method can effectively decrease the noise level by using a feedback filter that can provide different weights according to the noise level of the obtained data and thus increase the accuracy in the distance and location without an additional filter such as the link quality indicator, which can verify the communication quality state to decrease the range errors in the indoor location recognition using ZigBee based on IEEE 802.15.4. For verifying the performance of the proposed improved adaptive smoothing filter, actual experiments are conducted in three indoor locations of different spatial sections. From the experimental results, it is verified that the proposed technique is superior to other techniques in range measurement.
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      1. Introduction
      As information and communication technology (ICT) develops, wireless sensor networks (WSNs) that can provide necessary information irrespective of the time and place enrich the human life. In particular, a location-based system (LBS) providing many advantages by obtaining the object locations in real time has been widely applied in various fields such as medicine, mobiles, and agriculture [1]-[5]. The LBS can largely be classified into outdoor and indoor environments. While the outdoor environment has made considerable progress using the global positioning system (GPS), which can identify locations using various satellite signals, the indoor environment implements indoor localization using wireless communication such as Wi-Fi [6]-[8], ZigBee [9][10], radio frequency identification (RFID) [11], ultra wide band (UWB) [12]-[14], and chirp spread spectrum (CSS) [15][16] because it is difficult to receive the GPS signals. It is more difficult to establish the LBS in the indoor environment, where more disturbances exist when compared with the outdoor environment because the radio-wave signals can be easily distorted by spatial forms, obstacles, electronic equipment, etc. Nevertheless, various methods have been studied to implement the indoor LBS, represented by the time of arrival (ToA), time difference of arrival (TDoA), angle of arrival (AoA), and received signal strength indicator (RSSI) [17]-[26]. Although the method that measures the range using the time during the propagation of radio waves such as UWB and CSS has a relatively accurate performance, it is either commercially unavailable or unaffordably expensive because the RSSI, which forms the basis for the localization method using the received radio-wave signal strength, is supported in most wireless communications, and the indoor LBS can be economically implemented by using the already established Wi-Fi, Bluetooth, and ZigBee.

      Consequently, various studies have been accomplished to improve the indoor localization performance using the RSSI. In particular, although the RSSI-based fingerprint method that applies in mobile devices has the advantage of localization in a non-line of sight (NLOS) environment where the radio waves cannot directly propagate because of the physical obstacles, the training process, in which radio maps should be established beforehand in the respective locations to be localized using the RSSI, is required, and it is difficult to implement an accurate localization performance because of the range errors having a few meters[27][28]. Also, because noises are easily included in the RSSI-based localization by disturbances such as multipath and electronic equipment, the filtering methods for reducing these noise problems has been studied [29][30]. These methods reduce the ranging errors by fusing the link quality indicator (LQI) values that represent the metric of the current quality of the received signal, as well as the RSSI and provide weights for noise elimination. However, these methods have the disadvantage that because the LQI and RSSI filters are respectively applied, the processing time becomes longer, and the LQI is not provided in Wi-Fi, which has recently been used as the most general-purpose communication network.

      In order to overcome this disadvantage and to measure the more accurate range, this paper proposes the improved adaptive smoothing filter (IASF), which can effectively eliminate the noises by providing exponential weights to the acquired data in consideration of the signal attenuation characteristics of the RSSI with a log distribution. The proposed method uses the feedback filter, which can provide different weights to the current value and previous averaged value according to the noise level included in the obtained signals, and applies fitted weights using an exponential function so as to be appropriate to RSSI-based localization in the indoor environment.

      Consequently, the proposed method can increase the estimated range accuracy even without an additional filter such as the LQI, which reduces the distance errors using ZigBee based on IEEE 802.15.4. For verifying the IASF performance, after measuring the RSSI from 0 (m) to 10 (m) using two ZigBee-based wireless nodes in three different indoor sections which consist of half-open, open, and closed section, experiments are accomplished using the proposed method. It is verified that the simple filtering process of proposed method can facilitate the development of the LBS. In addition, this technique can be used as an effective preprocessing step to implement the RSSI-based localization as well as improve the performance of noise elimination compared with the other existing methods.

    

    

  
    
      2. Related Theory
      
        2.1 RSSI
        RSSI, which indicates the received radio-wave signal strength between the nodes, is supported in most wireless standards; therefore, it can be provided with the communication chipsets. The general radio-frequency (RF) chipsets can transmit signals of approximately -90 dBm to 0 dBm. The signal strength of less than -75 dBm is determined to be low because signals have high packet loss rates, and the signal strength is determined to be high when the RSSI is greater than -25 dBm because there are a few cases where the radio waves that are lost by the mediums are received at 0 dBm. The RSSI values in the free space are expressed as the logarithm model in Equation (1) as follows.
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        where n is the signal attenuation constant which depends on the medium; d is the distance (unit: meter) from the signal source to the receiving node; and A, representing the offset, is the RSSI value measured at 1m distance. The CC2420 chipset used in this study is obtained by averaging the received signals in eight symbol periods (128 μs) and provided as a signed 8-bit value. When -45 is added to this value, we can obtain the RSSI in dBm [31].

      

      
        2.2 LQI
        LQI, which represents the received characteristic packet quality according to the communication state, is included in the IEEE 802.15.4 standard and defined as an unsigned 8-bit (0–255) value. The increasing LQI value represents the smoother communication state, and the increasing signal strength represents the lower package loss rate proportional to the RSSI.

        The CC2420 chipset, which is widely used in ZigBee communication, provides the correlation values of 50–110 after examining the eight symbols of the received packet, and these correlation values are determined to represent the high quality and low quality when greater than 108 and less than 105, respectively. The CC2420 datasheet mentions that the values of 50~110 should be converted into values of 0~255 from Equation (2)[31].
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        where CORR represents the correlation values (50–110) provided by the chipset, and a and b are the constants to convert the range. The values a and b should be selected on the basis of the user’s experience because different correlation values are output according to the communication environment.

      

    

    

  
    
      3. Experimental Testbed
      The purpose of this study is to minimize the range errors for improving the RSSI-based indoor localization performance and to verify this by experiments in the indoor environment. Consequently, the RSSI was measured from 0 m to 10 m using two ZigBee (CC2420) nodes based on IEEE 802.15.4 in three respective paths of different forms. The experiments were conducted in the corridors and stairs of the first and third floors of the College of Engineering 1 building of Korea Maritime and Ocean University, and the structural drawings of the respective places are shown in Figure 1. Figure 1 (a), which is half-open section, has the stairs on the right side of the path, Figure 1 (b), which is closed section, is in the general corridor environment in which concrete walls and a door exist, and Figure 1(c), is the path going up the stairs. The RSSI and LQI of two nodes were measured at an interval of 0.4 m, and the results are shown in Figure 2 and 3. In Figure 2, which shows the RSSI according to the distance measured in the three locations, the x-axis represents the distance between the two nodes, and the y-axis, the obtained RSSI. We can verify that the increasing signal strength becomes more similar to the form of a log model, and the decreasing signal strength is more distorted because more noises are included. We can observe that although the signal strength is approximately -10 dBm and -65 dBm on average at the distances between the two nodes of 0 m and 10 m, respectively, as the signal strength decreases to less than -40 dBm, the graph becomes very irregular and many noises are mixed. For correcting the distorted signals by these noises, Equation (1) is redefined as Equation (3) by adding the scaling factor(s) to it, and thus, the distance between the two nodes (d) is expressed as Equation (4).

      
        
        

        Figure 1: 
				
        

        
          Experimental indoor environment of (a) half-open section (path 1), (b) closed section (path 2), and (c) open section (path 3).
        
        

        

      

      
        
        

        Figure 2: 
				
        

        
          Measured rough RSSI in the three paths
        
        

        

      

      
        
        

        Figure 3: 
				
        

        
          Measured rough LQI in the three paths
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      Figure 3 shows the LQI, which represents the communication quality between the two nodes in the three paths, the x-axis represents the distances between the nodes, and the y-axis represents the obtained LQI values. We can verify that although the communication state is generally good in the range of the measured LQI values of approximately 105~108, as the distance between the two nodes increases, there is great variation in the LQI values, thereby gradually lowering the communication quality. The ZigBee communication node used for these experiments is ZigbeX developed by Hanback Electronics Co., Ltd. This product enables wireless communication using the CC2420 chipset, and the RSSI between the two nodes was measured with the radio waves set to be transmitted at the maximum transmission output of 0 dBm at the transmitter of this module. The TinyOS specialized in the sensor network was used to effectively control the hardware of the respective nodes, and the MATLAB program was used to verify the result of application of the noise elimination filter to the obtained RSSI.

    

    

  
    
      4. System Implementation Using Filter
      Wireless signals in the indoor environment include noises because they are easily distorted by various disturbances such as spatial structure, quality of the material, and electronic equipment and the range errors can be reduced by using several filters. Reduction of range errors is a very important process for accurate estimation of the locations of objects, which is the main objective of the indoor localization.

      
        4.1 Feedback filter
        The feedback filters used for eliminating noises in various fields are basically used as the LQI, RSSI, BOTH, and proposed filters, which are referred to in this study, and can be expressed as Equation (5)
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        where α represents the weighted value, x represents the most recently measured value, and x¯n-1 represents the previous averaged value. The feedback filter obtains the average by providing the distributed weights to the most recently measured and previous averaged values. The range of the value is 0~1, and as the value approaches 1, the proportion of the most recently measured value is increased, and as the value approaches 0, that of the previous averaged value is increased. Consequently, although it is advantageous to design in such a manner that the more noises the signals include, the nearer to 0 the values are, the performance can deteriorate because of improper reflection of the current state. In other words, the values decisively affect the filtered output values; therefore, these values should be selected in accordance with the signal model obtained from the system.

      

      
        4.2 LQI, RSSI, and BOTH filters
        The LQI filter, in which the values depend on the obtained LQI, is expressed as Equation (6). The value approaches 0.8 to increase the proportion of the most recently measured values because the larger the LQI values are, the better the communication quality is. When the obtained LQI is greater than 100, the range of the value is 0.2~0.8, and when it is less than 100, the communication quality is very poor, and the determined value is 0.
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        Equation (7), which represents the RSSI filter, determines the proportions of the most recently measured and previous averaged values because the values depend on the obtained RSSI sizes. The range of the RSSI input in this filter is from -75 to -15 dBm, and that of the value is 0.5~1. The lesser the received signal strength is, the higher is the probability that the noise components are included, the value is determined to be near 0.5, and the proportion of the most recently measured values decreases.
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        The BOTH filter, which eliminates noises by using both LQI and RSSI filters, is illustrated in Figure 4. The noises of the obtained rough RSSI signals are primarily eliminated by the LQI filter as in Equation (6), and these first resulting values are used as the input values to the RSSI filter. The second resulting values, the noises of which are secondarily eliminated by the RSSI filter as in Equation (7), are the final output of the BOTH filter. Similarly, the BOTH filter reduces the noise level by performing two filtering processes.

        
          
          

          Figure 4: 
				
          

          
            Processing of the BOTH filter.
          
          

          

        

      

      
        4.3 Proposed improved adaptive smoother filter
        In order to improve above mentioned techniques, the proposed method reduces the range errors by effectively eliminating the noises in the rough RSSI signals. Consequently, we propose the IASF that is much improved when compared with the previously mentioned LQI, RSSI, and BOTH filters, and this filter is expressed as Equation (8).

        
          
            
              	
                
                  
                    
                      
                        
                          S
                          m
                          o
                          o
                          t
                          
                            
                              h
                            
                            
                              _
                            
                          
                          R
                          S
                          S
                          
                            
                              I
                            
                            
                              n
                              (
                              IASF
                              )
                            
                          
                          =
                          α
                          ⋅
                          
                            
                              x
                            
                            
                              n
                            
                          
                          +
                          (
                          1
                          -
                          α
                          )
                          ⋅
                          
                            
                              
                                
                                  x
                                
                                ¯
                              
                            
                            
                              n
                              -
                              1
                            
                          
                          ,
                        
                      
                      
                        
                          α
                          =
                          
                            
                              
                                
                                  
                                    -
                                    
                                      
                                        e
                                        x
                                        p
                                      
                                      
                                        (
                                        (
                                        R
                                        S
                                        S
                                        I
                                        +
                                        40
                                        )
                                        ×
                                        0.075
                                        )
                                        ×
                                        (
                                        -
                                        0.8
                                        )
                                        +
                                        0.2
                                      
                                    
                                  
                                  
                                    ,
                                  
                                  
                                    R
                                    S
                                    S
                                    I
                                    <
                                    -
                                    40
                                    d
                                    b
                                    m
                                  
                                
                                
                                  
                                    1
                                  
                                  
                                    ,
                                  
                                  
                                    R
                                    S
                                    S
                                    I
                                    ≥
                                    -
                                    40
                                    d
                                    b
                                    m
                                  
                                
                              
                            
                          
                        
                      
                    
                  
                
              
              	
                (8) 
				
              
            

          

        

        In the proposed IASF using the feedback filter in which the determination of values is a key, the values are determined by using an exponential function to effectively reduce noises acquired from RSSI. The ranges and characteristics of the values determined in this manner are represented as in Figure 5, and while the obtained RSSI is greater than -40 dBm, the value is 1, and when it is less than -40 dBm, the value decreases until ≒ 0.2. Here, the reason for the threshold value to be -40 dBm is that when the RSSI is greater than approximately -40 dBm, the reliability is very high as shown in Figure 2. The RSSI range, in which the CC2420 chipsets used in the experiments are transmitted in the actual environment, is from -90 dBm to -10 dBm, and 0 ≒ exp(-6); therefore, the resulting values are adjusted by multiplying (RSSI+40) by 0.075 = (-6)/(-80). Whereas the input signal strength is approximately -90 dBm and various noise components are included, the minimum value should be more than 0.2 in order to increase the proportion of the recently measured values by at least greater than 20%.

        
          
          

          Figure 5: 
				
          

          
            Graph representing the weight (α) range and characteristics of Equation 8.
          
          

          

        

      

    

    

  
    
      5. Experimental Performance
      For verifying the IASF performance for eliminating noise components, experiments were conducted in three locations of different spatial structures. The proposed IASF, which provided the different weights using the feedback filter with an exponential function, improves the noise elimination performance when compared with the existing LQI, RSSI, and BOTH filters. Figure 6, which shows the graphs comparing the proposed IASF performance and those of the existing three filters, represents the errors in the estimated distances using the RSSI obtained according to the actual distances between the two nodes. In the experimental results in Figure 6 (a), which is the half-open section indoor environment, the noise levels are estimated to rapidly have increased because the stairs are located on the right side 5~6 m from the starting point, and here, the proposed IASF effectively reduces the noise levels. Similarly, as shown in Figure 6 (b) and (c), we can verify that the IASF definitely reduces the noise level at the points where the noise levels rapidly increased. This implies that because the IASF has excellent noise elimination performance when estimating the range using the RSSI, it can be usefully used as a preprocessing step in the indoor localization. For a more detailed performance comparison, the average errors of respective filters in m and the improved rates of the filters versus the no filter are listed in Table 1. We can verify that the proposed IASF, BOTH, RSSI, and LQI filters are sequentially excellent in the noise elimination performance in the three paths. The IASF most effectively reduces the maximum error size as well as the average error size, and particularly in Path 3 going up the stairs, it improves the performance by 62% in the average error and 77% in the maximum error. This verifies that the IASF can be more effectively used in poor environments such as Path 3, which has the possibly most severe radio-wave disturbances among the three paths because of the inclined stairs of scores of steps and irregular left and right sections.

      
        
        

        Figure 6: 
				
        

        
          Performance results of different methods with various filters in (a) path 1, (b) path 2, and (c) path 3.
        
        

        

      

      
        Table 1. 
				
        

        
          Improvement rates for comparison of the proposed IASF and three filters
        
        

      

      
        
          
            	P
            	F
            	AE(m)
            	AEIR(%)
            	ME(m)
            	MEIR(%)
          

        
        
          	1
          	None
          	2.13
          	0
          	7.61
          	0
        

        
          	LQI
          	1.46
          	31
          	5.34
          	30
        

        
          	RSSI
          	1.27
          	40
          	4.17
          	45
        

        
          	BOTH
          	1.04
          	51
          	3.03
          	60
        

        
          	IAS
          	0.87
          	59
          	2.20
          	71
        

        
          	2
          	None
          	2.78
          	0
          	11.72
          	0
        

        
          	LQI
          	1.96
          	29
          	6.46
          	45
        

        
          	RSSI
          	1.72
          	38
          	5.71
          	51
        

        
          	BOTH
          	1.56
          	44
          	5.24
          	55
        

        
          	IAS
          	1.44
          	48
          	3.38
          	71
        

        
          	3
          	None
          	5.61
          	0
          	46.87
          	0
        

        
          	LQI
          	3.76
          	33
          	16.12
          	66
        

        
          	RSSI
          	3.36
          	40
          	15.04
          	68
        

        
          	BOTH
          	2.85
          	49
          	14.01
          	70
        

        
          	IAS
          	2.10
          	62
          	10.79
          	77
        

      

      

      Abbreviations above are presented as path (P), the used filter (F), the average error (AE), the improvement rate of AE (AEIR), the maximum error (ME), the improvement rate of ME (MEIR). respectively and the parentheses indicate units

    

    

  
    
      6. Conclusion
      In this paper, when measuring the range between the two nodes to identify the locations of objects in the indoor environment, to effectively eliminate the noises included in the RSSI, the IASF, which provides different exponential weights to the current value and previous averaged value, was proposed. For verifying the proposed filter performance, experiments were conducted in three different paths, and the noise elimination performance was improved in all the paths, and particularly in the places where the most noises occurred, the proposed filter showed the best performance by 13% in the average errors and by 7% in the maximum errors when compared with the existing filters. Furthermore, the IASF does not require an additional filter such as the LQI filter; therefore, its simplified noise elimination process facilitates the development of the LBS, and it is very flexible technique which can be applied in various wireless communications such as Wi-Fi, UWB, and RFID as well as ZigBee based on IEEE 802.15.4. These results imply that the IASF can be used as a preprocessing step that exhibits excellent noise elimination performance in various indoor LBSs using the RSSI.
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