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Abstract 
 

In this paper, the Received Signal Strength (RSS) based localization is done 

for a Line of Sight (Line of Sight) environment but the target localization 

error is more in this approach. Recently Hybrid localizations are very popular 

to minimize the localization error. In this context, Received Signal Strength 

Indicator (RSSI)-Angle of Arrival (AOA) is used for target localization. The 

RMSE (Root Mean Square Error) for this algorithm is slightly better than 

single Range based technique. The uncertainties in the RSSI signal in Indoor 

environment is more, So , Proposed a new novel robust algorithm i.e Fuzzy 

based hybrid RSSI-AOA algorithm for this test environment to attain high 

localization accuracy. Therefor a comprehensive experimental method for this 

Robust 3D localization is implemented for minimum RMSE. The RMSE for 

the Fuzzy based RSSI-AOA localization is 0.75 m whereas conventional 

algorithms are having very high RMSE. The RMSE for 3 anchor nodes gives 

the 0.96 m localization accuracy. In severe LOS conditions, the different 

target positions are considered for analysing the localization accuracy.  
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The RMSE is better in case of 3 anchor nodes with Fuzzy based RSSI-AOA 

localization scheme. In this paper, the localization accuracy is validated by 

CRLB estimator.  

 
Keywords: Fuzzy Logic, Indoor 3D localization, Localization accuracy, 

Path loss model, CRLB 
 

1 Introduction 

 Localization is important in various applications in wireless sensor 

networks (WSN). The estimation of location between the wireless sensor 

nodes is vital in WSN. The WSN characteristics like short range 

communication, energy capacity of batteries are the important aspects to solve 

the issue in the real time applications. The other issues like energy 

consumption and communication band width are to be taken care for efficient 

localization in WSN. Localization is required in industrial and other domains. 

The accuracy of location identification is done through range based and range 

free communications in WSN. The range based algorithm like RSSI is having 

less complexity and less hardware. Antenna signal propagation angle is also 

useful to get the location information. Now a day, these range based schemes 

are combined to form hybrid schemes to get better localization accuracy. Time 

of Arrival (TOA) and Time difference of arrival (TDOA) type localization 

techniques requires hardware. Hybrid RSSI-AOA Localization is significantly 

improving the localization accuracy. In this paper, the RSSI and RSSI-AOA 

localization algorithms are implemented in real time test bed and these 

performances are compared with the proposed Fuzzy based Hybrid RSSI-

AOA technique. The trilateration techniques are employed in these schemes 

for this test environment. 

 Wireless sensor networks broadly consist various sensors connected with 

low power consumption and they can be deployed in various applications 

like agriculture, health, assert tracking, military, home automation, 

environmental monitoring and security and so on. Node localization is 

important in various applications in wireless sensor networks (WSN). The 

estimation of location between the wireless sensor nodes is vital in WSN. 

The WSN characteristics like short range communication, energy capacity of 

batteries are the important aspects to solve the issue in the real time 

applications. The other issues like energy consumption and communication 

band width are to be taken care for efficient localization in WSN. 

Localization is required in industrial and other domains. The accuracy of 

location identification is done through range based and range free 

communications in WSN. Much work has done in target localization with 

range based and range free localization schemes like RSSI, TOA AOA and 

DV-Hop etc. SlavisaTomic et al. [1] discussed the target localization in 3 

Dimensional environments has now attractive for more number of 

researchers.  
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 Liu et al [2] discussed suitability of sensors distribution and orientation 

but no real time implementation is done. Localization technology is very 

important technology in WSN applications. 

 The organization of the paper as follows. Section 2 gives the 2D and 3D 

localization mechanism is discussed. Section 3 presents the Effect of Anchor 

Placement for solving the RMSE issues. Section 4 gives the Fuzzy hybrid 

Localization, section 5 explains about experimental results and discussions at 

last conclusion is placed in section 6. 

 
2 2D and 3D Localization 

 The research was based on the coal mining sites around the South Borneo 

Province, Indonesia. The research method uses a literature review and field 

survey. The research stages include the preliminary, data survey, data 

collection, data processing, data analysis, optimization, and recommendations. 

The topographic survey includes straight roads, ascent road, descent road, and 

curves road. The methods in the data analysis topographic using GPS Garmin, 

GPS tracker, Smart GPS tracker system software, KML (Keyhole Markup 

Language), and Google earth pro.The movement results of coal trucks in one 

month of observation on three trucks with (A), (B), and (C), including special 

lines along with coordinates, average speed data, maximum speed data, 

stopping places, and travel time.  This 2D and 3D information is localized 

with HYBRID INDOORE technique   

 The 2D indoor localization can be done by simple range based schemes 

like RSSI. The effective 3D localization cannot be achieved by single range 

based algorithm like RSSI because of its uncertainty in the signal propagation 

between receiver and anchor. A test environment with 9m X 15m X 15m is 

implemented in this work. These are three reference or anchor nodes are used. 

The target node kept stationary to localize from three anchors. The expected 

error from target is less than 2 meters which is experimental area. RSSI signal 

varies wr.t environment and the signal acquisition is done by „NETSPOT‟ 

software. The RSSI signal in dbm is defined as times the logarithm of the ratio 

of power at the receiving end and reference power. The relationship between 

RSSI and the distance can be determined with equation (1) 

                                           
 where n is the path loss exponent, it is the distance from the transmitter in 

meters, it is a reference distance, typically 1 meter, and A in dBm is the 

received signal strength. By definition, AOA is the angle measured between 

two sensors. To use this type of measurement it is necessary to equip the 

sensors with either a directional antenna or multiple antennas. In a 3D 

scenario, two types of angles are needed azimuth and elevation.  
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A 2D scenario only has two coordinates; an elevation measure is not needed. 

The AOA measurements can be observed by a directional antenna, at anchors. 

Therefore, azimuth and elevation angle are determined from the following 

equations.  

                                                                  

          (   
   

‖    ‖
)                                         

 

Let фiand αi respectively the azimuth and elevation measured at the i-th 

anchor node. The unknown node position estimation is vital in localization 

process. The unknown distance can be estimated by trilateration and 

multilateration techniques. The numbers of anchor nodes are mapped in such a 

way to get the unknown node. Anchors require positioning information to 

determine unknown node. Yan xu et al. [3] shown the easy way of range 

based localization is RSSI (Received Signal Strength Indicator). In this 

process, the signal attenuation is converted in to distance. If the unknown 

node is collinear with three anchor nodes, then there is no possibility of 

finding the unknown position. Jehn et al. [4] presented the accuracy of range 

based method is far better than range free methods. Recently, Julang Ying et 

al. [5] concluded that indoor localization has been explored and it is crucial 

through GPS (Global Positioning System). Now days, everywhere Wi-Fi 

communication technology is available because of this, Wi-Fi and Blue tooth 

were likely to be used in Indoor localization [6]. In [7], AOA alone requires 

multiple antennas and complex hardware. Now AOA based localization [8] 

has momentum and hybrid algorithms [9] is the recent research. Gazzah et al. 

[10] presented that the enhanced accuracy is achieved with hybrid localization 

schemes.  Jiacheng et al. [11] presented the performance of the RSSI based 

localization technique degraded with multipath fading. The RSSI signal 

uncertainties can be avoided by fuzzy based localization techniques [12]. 

Especially, fuzzy mamdani enhances the localization accuracy and most of the 

wireless devices are compatible with RSSI setup [13], [14]. YungyangLv et al. 

[15] concluded that the RSSI signals are easily accessible but they are mostly 

affected by external environment.  

 The AOA localization technique requires directional antenna which will 

increase the hardware complexity [16]. In [17], AOA does not perform 

accurately in NLOS conditions. Emansaad et al. [18] discussed that the most 

localization algorithms are tested in 2D environment and there is a research 

gap in 3D. RSSI signal inaccuracy is only with reflections and fading etc. 

[19]. RSSI localization accuracy is poor in case of the anchor node 

deployment at the edge of the test environment [20].  

 The indoor localization does not require global positioning system (GPS). 

The GPS is still not suitable for indoor localization in Line of Sight (LOS) and 

Non Line of Sight (NLOS) environment. Range free algorithms can be used in 

case of less number of anchors otherwise range based algorithms are efficient 

for localization.  
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 There are several approaches to localize the target node in 2D 

localization. Centroid and Min-Max algorithms are used in case of range free 

methods. In 2D localization, there is no complexity in determining the 

distance between anchors and target (receiver) [21]. In 3D localization, the 

uncertainty exists if 2D localization algorithms employed. The range based 

hybrid algorithms can be used for 3D localization with high accuracy. Further 

alteration in localization schemes will give better results [22, 23]. 

 The RSSI signal fluctuations can be overcome by fuzzy logic system 

along with hybrid RSSI/AOA localization [24]. The RSSI does not have extra 

hardware setup. AOA localization setup will give better localization accuracy.  

AOA hardware complexity can be reduced by using online azimuth- elevation 

angle calculator (Digital Compass). The proposed algorithm developed under 

different test environments. The positions of the anchors are altered in the 

total test environment. The fading and reflections can overcome by taking the 

effective path loss component calculation in the given test region. Fuzzy rule 

base is so effective to estimate the correct RSSI value under fading and 

reflections [25]. The objectives of this paper are as follows.  

 Due to measurement errors in each individual ranging technique, a hybrid 

localization scheme is thought to improve the localization performance by 

fusing more than one measurement type. A hybrid system has more available 

information, and by exploiting this information, a better accuracy in the 

localization procedure can be obtained [26]. On the other hand, combining 

measurements are indicates more network complexity among devices and also 

more implementation cost. The earlier methods implemented past but those 

models cannot solve limitation of  2D and 3D Anchor positions the Next, the 

hybrid localization scheme which uses S and AOA measurements is 

presented, since it is the main technique applied for this dissertation. The 

range measurements can be obtained exclusively from RSS which has errors 

associated to the shadowing term. The angle measurements may be obtained 

through AOA which has associated errors given by antennas and digital 

compasses due to its static accuracy. In the figure 1, it is clearly represents 

each range measurement, of an anchor, indicates a circle region as a possible 

estimated location of the targets. 

 Similarly, each angle measurement, φi, gives the possible locations of the 

target. As it can be seen have a set of target possible locations, given by real 

conditions instead of accurate and theoretical position estimation as where 

measurement errors are not considered. When used in conjunction, an 

improved performance is obtained as it can be seen from one can see that 

when both measurements are integrated, proofing that hybrid systems will 

improve the localization accuracy. In this work, the hybrid RSS/AOA system 

is employed but instead of 2-D, a 3-D scenario is used [27]. It may be 

obtained through AOA, it is an better antennas and digital compasses system 

and providing the static accuracy. 
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3  Effect of Anchor Placement 

 The range based measurements are prone to noise, it effects the anchor 

position. The uncertainty in anchor position leads to error result in localization 

accuracy. So, need to provide lower bound for 3D localization. To evaluate 

the performance characteristics of localization algorithms, generally preferred 

RMSE and cumulative distributive function (CDF).  

 

Most of the researchers not concentrated the anchor placement. In mobile 

sensor networks, the anchor position changes then it is very difficult to get the 

localization accuracy. 

 Next, the hybrid localization scheme which uses RSS and AOA 

measurements is presented, since it is the main technique applied for this 

dissertation. The range measurements can be obtained exclusively from RSS 

which has errors associated to the shadowing term. Estimated solutions for 

the target are reduced, resulting that hybrid systems are having more 

localization accuracy. In this dissertation, the hybrid RSS/AOA system is 

employed but instead of 2-D, a 3-D scenario is used. The selective weighted 

least squares (WLS) estimator for a RSS/AOA localization in a 2-D scenario 

for a non-cooperative network [28]. By given weighted ranges from the 

nearest anchors combined with the AOA measurements, they determined the 

unknown target location. There are many possible schemes studied in the 

literature for hybrid localization systems. 

 In this paper, the RSSI and RSSI-AOA localization algorithms are 

implemented in real time test bed and these performances are compared with 

the proposed Fuzzy based Hybrid RSSI-AOA technique. The trilateration 

techniques are employed in these schemes for this test environment. 

 To develop a robust localization for severe LOS environment. 

 To reduce the complexity of localization hardware in LOS environment 

 To reduce the uncertainties in RSSI signal fluctuations.   

 Minimize the RMSE with the proposed localization. 

 To analyze the RMSE in presence of uncertainty in anchor positions 

  

4 Proposed Fuzzy Hybrid RSSI-AOA Localization 

 The range based localization techniques are having less hardware. The 

AOA requires angle information and it can be identified through hardware and 

software arrangement. Fuzzy logic is an optimization method to get accurate 

location information. The fuzzy system includes multivalued method which 

can allow intermediate information to get linguistic information such as Yes 

or No, True or False [29].  

 The mamdani type fuzzy is used to get weights form given two RSSI 

inputs. The RSSI1 and RSSI2 inputs are given to the fuzzy inference. So, it can 

give suitable weights based on the rules written in the rule base. The MOM 

defuzzification technique is employed in this system [30]. The estimated  
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weights result the target RSSI which can be used in conjunction with AOA 

localization for target localization. The mathematical relations are given 

below. The azimuth and elevation angles are obtained through online digital 

compass.  

Hence these values are submitted in the below equations  

                                                     
                                                                                              
                                                             
                             
                  
                                         
                            
                                                
 Hence, a set of range measurements defines multiple circles and their 

intersected area contains a set of the target possible locations. Similarly, each 

angle measurement, φi, defines possible location of target. The flow chart 

gives the detailed process localization using fuzzy logic shown in Fig.2. The 

two inputs for this mamdani inference system are RSSI1 and RSSI2 are max 

and minimum values of the anchors. This fingerprinting localization technique 

is having more accurate than other techniques. The uncertainty issues are 

handled by mamdani fuzzy. In phase 1, the RSSI values are taken in to fuzzy 

inference system, the maximum and minimum values are used for target 

RSSI. The rule base is also important for true RSSI in the dynamic 

environment. The fluctuations are easily identified and defuzzification is also 

important to get the crisp value. In phase 2, the RSSI value from phase 1 and 

AOA estimated value gives the target position. The hybrid RSSI -AOA 

localization technique doesn‟t give the exact target estimation. The 

uncertainty in RSSI is not handled in the hybrid RSSI- AOA localization. The 

RMSE is high in this hybrid technique. In case of proposed schemes can be 

adopted in severely affected LOS conditions. So, this robust scheme provides 

better advantages over all other techniques mention in this figure: 1.  

  
Figure 1.Block diagram of Proposed Localization Technique 
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 The target position estimation depends the type of defuzzification used. 

The Centroid method gives better estimated value. But, in case of highly 

fluctuating RSSI, Preference is given only for Mean-Max algorithm. The 

Error metrics considered are RMSE (Root Mean Square Value). The Average 

error and Mean errors are also required to understand the accuracy of node 

localization.  
 

 

 
Figure 2 Flow chart of the implementation 

 

The fig.2 clearly explains about flow chart of target estimation model. The 

RMSE for only RSSI based localization doesn‟t give better localization 

accuracy. In hybrid RSSI-AOA localization, the RMSE is better than RSSI 

localization. 
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Table 1Pathloss for Indoor Localization 
 

 

 

 

 
(

a

) 

 

Table: 1 clearly explains about path losses of Indoor localization 

measures, in this the RSSI values are varied from -33 to -34, along this 

distance coverage is estimating from 5230 to 5657 approximately. 

 
Table 2Measured (actual) distances and calculated distances from the RSSI for indoor 

(LOS) 

LINK 

RS

SI 

Mw D(me

ters) 

d(mm) Ps/Pr R=log(

Ps/Pr) 

(R/alp

ha) 

A=anti log 

(R\alpha) 

d
l 
-in 

(meters) 

Anchor1 

- receiver 

-41 0.00007 6.26 6264.6 314731 5.49 2.87 755.9667 0.75 

Anchor2-

reciever 

-40 0.00001 4.32 4328.8 250000 5.39 2.82 670.1108 0.67 

Anchor3- 

receiver 

-43 0.00005 4.53 4531.4 498815 5.69 2.98 962.0879 0.96 

Anchor4 

- receiver 

-42 0.00006 5.72 5727.8 396227 5.57 3.12 1348.3858 0.13 

Here d = measured distance and d
l
= calculated distance from RSSI. 

 

Table: 2 clearly explains about RSSI measure of Indoor techniques, the 

LOS link values are significantly varied from Anchor1 –receiver to Anchor 4 

–receiver. The mm distance of varied 6264.6 to 5727.8 

 

 

 

 

 
 

LOS 

Count 

RSSI Distance 

in 

Meters 

mW (Pr) Distance 

(mm) 

Ps/Pr Log 

(Ps/Pr) 

Log 

(d) 

Mm 

Alpha 

1. -33 5 0.0050 5230.0 49881 5.69 3.71 1.53 

2. -43 4.95 0.0051 4452.1 49881 5.69 3.64 1.56 

3. -49 7.14 0.00001 7147.3 195821 6.29 3.85 1.63 

4. -44 6.8 0.00003 6854.9 627971 5.79 3.83 1.51 

5. -47 3.8 0.000019 3897.2 1252968 5.30 3.59 1.47 

6. -69 6.7 0.00000012 6790.7 2000000 8.30 3.83 2.16 

7. -37 3.7 0.0002 3762.6 125000 5.09 3.57 1.62 

8. -35 4.24 0.0003 4248.8 79113 4.89 3.62 1.35 

9. -49 9.42 0.000012 9240.0 1987281 6.29 3.96 1.58 

10. -34 5.65 0.0004 5657.8 62500 4.79 3.75 4.79 
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Figure 3  AOA for Receiving Node 

 

 Figure: 3 clearly explain about AOA receiving node functionality in work 

station. Usually RSSI has high fluctuations due to shadowing and multipath 

fading. The RSSI signal behaviour in indoor environment is lower than 

outdoor. 

 

5 Results and Discussions 

 In this section, the simulations and experimental analysis is carried out to 

compare the performance of RSSI, Hybrid RSSI-AOA and proposed Hybrid 

RSSI-AOA algorithms. Root Mean Square Error (RMSE) of these 

localizations is used to indicate the accuracy of localization. Path loss for 

RSSI localization is more improved compared to earlier model.The 

performance measures calculated the alpha values for the 10 random 

locations.  The average value of alpha is 1.914 for the localization for this 

experiment. 

 

5.1 RSSI  

 The signal reflects between walls and metallic objects and they will have 

undergone several reflections or refractions causes change in phase and 

amplitude. So, this is the basis for fluctuations in power value. If any slight 

change in node position results larger variations in the total received power. 

Path loss factor identification plays vital role in RSSI based localization.  

 

Error=√((x-x‟)
2
+(y-y‟)

2
+(z-z‟)

2
)      (7) 

 x, y and z are co-ordinate of receiver node and X‟, Y‟ and Z‟ are co-

ordinates of corresponding anchors. We calculated distances for both 

measured and calculated cases and took difference of corresponding distance 

values. Average of the difference value is the localization error. Indoor RSSI 

localization error shown in Table 3 clearly  
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Table 3 Indoor RSSI localization Error 

 Measured 

Distance 

(Actual) 

Calculated 

Distance 

with RSSI 

Difference 

Anchor 1to Receiver 7.03 4.91 2.12 

Anchor 2to Receiver 6.36 4.42 1.94 

Anchor 3to Receiver 6.02 5.16 0.84 

Anchor 4 to Receiver 4.65 5.16 0.50 

 

Based on the various readings of Received Power levels, we 

calculated the path loss factor (alpha) as 1.914. This path loss factor value is 

used to calculate the distance of receiver from the Anchor nodes. The 

localization error which we observed is 1.35 meters for Indoor localization. 
 

 

5.2 Hybrid RSSI-AOA Localization  

 The fundamental principle in RSSI localization is the transmitted power 

from anchors affects the receiver total power. The real  time measurement 

system and setup is show in figure 4 clearly. The target node or receiver node 

collects the RSSI value form anchor nodes. The distance is estimated between 

nodes from the RSSI signals. The location of the receiver can be further 

identified by known distances. The main parameter of finding the angles is 

azimuth and elevation. As per some research papers the azimuth and elevation 

angles can be found by using latitude and longitude of earth‟s orbit from 

transmitter to receiver these calculations are done using the antenna look 

angle calculator which coordinates the latitude and longitude of the particular 

router and receiver (laptop) [19]. It gives the details of the AOA calculations. 

Finally, the calculated azimuth and elevation angles for test environment are 

given in Table.4. 
Table 4 Azimuth and Elevation Angle 

coordinate Δi ( in degrees) Δi ( in degrees) 

(xi, yi, zi) (92,80,160) (14,6,-160) 

(xj, yj, zj) (80,344,170) (11,7,-170) 

(xk, yk, zk) (97,280,174) (6,18,-174) 

(xl, yl, zl) (68,159,190) (4,2,-190 ) 

 

 Hence these values are submitted in the below equations to determine the 

position coordinates. 

x= xi+ricos(Δi) cos(Δi i)                          (8) 

y=yi+ ricos(Δi) sin(Δi i)                           (9) 

z=zi+ risin(Δi)                                       (10)    
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 There are four cases are considering as the target (Receiver) position, the 

schematic representation of Anchors (A) and Position (P) of receiving nodes 

are shown below table:5 . Figure 5 shows Random values for RSSI at 1m 

distance. 

 
Table 5Actual position coordinates for all four cases 

Actual Distance in mts x y z 

Target Position 1 (T1) 6.66 4.3 1 

Target Position 2 (T2) 6.92 3.62 0.6 

Target Position 3 (T3) 7.54 5.1033 1.1 

Target Position 4 (T4) 4.34 6.082 0.3 

 

Case (i): 

 
Figure 4 Schematic views of indoor Anchors and Receiver position at 1m 

 

Table 6 RSSI verses distances for 3D localization 

RSSI (dbm)   

distance(m) 

 x      d z       d z        d 

Postion1(P1) -41    3.45 -51   2.4 -44     1.0 

Postion2(P2) -41    4.1 -51   5.5 -44     1.0 

Postion3(P3) -53    12.45 -45   5 -52     1.0 

 

 In order to find the value of A we consider to place mobile nodes at 1m 

distance from the transmitter and take the RSSI(dBm) values typically 8 

random values which is shown in table :6 .In order to calculate the true or 

practical values we consider equation below 11 

 

RSSI[dbm] = A - [10*n*log10 (d/d0)]              (11) 

WhereA=RSSI(dBm) at 1 meter distance 

n = coordinate(x/y/z) 

d=distance between transmitter to receiver 

d0 =reference distance typically 1m 

α = path loss exponent typically1.1 
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Figure 5 Random values for RSSI at 1m distance 

 

A = sum of RSSI values/ No. of Points,   

A= -265/8 = -33.125. 

The coordinates for the case is estimated as  

(xi‟, yi‟, zi‟) = (1.8, 2.8,1.34) 

 

Case (ii):  

 
Figure 6 Schematic view of indoor Anchors and Receiver position at 0.6 m 

 

 Fig.6 and 7 clearly explains about Anchors and receivers position i RSSI 

distance, here the coordinate values and sum of values are calculated through 

Hybrid 3D Indoor technique. Table 7 provides 3D localization in P1 position. 
Table 7 3D localization in P1 position  

RSSI (dbm)   distance(m) x         d y        d z       d 

Postion1(P1) -46      4.6 -41     3 -41    0.6 

Postion2(P2) -41      4.83 -56     5.28 -40    0.6 

Postion3(P3) -45      1.34 -51     2.66 -33    0.6 

The coordinates are (xj‟, yj‟, zj‟) = (3.406, 3.007, and 2.23) 

 

Case (iii):  

 
Figure 7 Schematic views of indoor Anchors and Receiver position at 1.1m 

 

 Fig 7, explains about Anchor moving structure of Receiver at 1.1m RSSI, 

in this work D localization values are updating through -46 to -45. 
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Table 8 RSSI verses distances for 3D localization 

RSSI (dbm)   distance(m) x        d y        d z       d 

Postion1(P1) -40  10.12 -50     8.14 -36   1.1 

Postion2(P2) -45    10.3 -48     4.24 -31   1.1 

Postion3(P3) -54    7.2 -50     3.93 -441.1 

The coordinates are (xk‟,yk‟, zk‟) = (1.4304,7.1707,1.531) 

 

Case (iv): 

 
Figure 8 Schematic view of indoor Anchors and Receiver position at 0.3m 

 

 Table: 8 and fig 8 clearly explains about schematic of Anchor and 

receiver position at 0.3m. in this all views are varied through position :1 to 

position 3 
 

Table:  9. RSSI verses distances for 3D localization 

RSSI (dbm)    

distance(m) 

x        d  y d z        d 

Postion1(P1) -46    5.35 -46   3.95 -34    0.3 

Postion2(P2) -42    2.67 -49   8.5 -40    0.3 

Postion3(P3) -39     5.0 -41   6.8 -44    0.3 

  

 The coordinates are (xl‟, yl‟, zl‟) = (3.921, 5.8407, 0.42) 

 Table 9 gives the RSSI verses distances for all target positions in the 

given test environment and representing the all target positions. 

 
Table 10 Computed position coordinates for all four cases 

Receiver Position Receiver Position coordinates 

Target Position 1 (T1) (xi‟, yi‟, zi‟)  = (1.8,2.8,1.34) 

Target Position 2 (T2) (xj‟, yj‟, zj‟)  = (3.406,3.007,2.23) 

Target Position 3 (T3) (xk‟,yk‟, zk‟) = (1.4304,7.1707,1.531) 

Target Position 4 (T4) ( ) = (3.921,5.8407,0.42) 

 

RMSE=√((x-x‟)
2
+(y-y‟)

2
+(z-z‟)

2
)                     (11) 

 

 The four different target positions estimation is done for RSSI, RSSI-

AOA and Proposed localization techniques which is shown in table: 10. 
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Table 11RMSE for all target positions 

Name RMSE 

Target1(T1) 1.095 

Target2(T2) 1.0792 

Target3(T3) 1.08796 

Target4(T4) 1.0519 

Avg. of all the target locations is = 1.0567 

 Table: 11 clearly explain about, RMSE values of target positions, in this 

RSSI –AOA localization is done. The targets are moving from T1 to T4 easily 

from 1.095 to 1.0519. 

 

5.3 Fuzzy Based Hybrid RSSI –AOA 

 The proposed algorithm is coded in MATLAB. In this work, 4 target 

positions are analysed and in 3 levels of the 9 m × 15 m × 1 m area is 

proposed. The estimation of receiver node position by taking the distances of 

anchor nodes. Based on the estimated weight from the max and min values of 

RSSI signals is done through mamdani fuzzy inference engine. Using Mean –

Max algorithm in fuzzy to get the suitable RSSI value for accurate localization 

in 3D.  

 The anchor node and receiver positions will give the error in localization. 

The target localization RMSE value is identified with fuzzy based RSSI-AOA 

based localization [20]. The variation in the RSSI values from the various 

anchors is very high in the indoor LOS environment. So, estimation of true 

RSSI value will affect the entire system. The anchor nodes are placed at all 

four directions from the receiver in the test environment. The receiver job is to 

collect RSSI information which is by the anchor nodes. The implementation is 

done by mamdani inference system.  

 

 

 
Figure 9 MamdaniFuzzy Inferences 

 

 Each input is composed of 9 rules such as very very low (VVL), very low 

(VL), low (L), medium low (ML), medium (M), medium high (MH), high  
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(H), very high (VH), very very high (VVH) as shown in Figure 9.The output 

from the mamdani inference system is only weight of the anchor node for a 

given receiver input. The output membership functions are also 9 which give 

membership functions such as VVL, VL, L, ML, M, MH, H, VH, VVH. The 

input and output membership functions are selected as triangular type because 

of its shape is very easy to represent and having low computation time which 

is shown in fig 10. 

 

 
Figure 10  Input Membership Functions 

 

 The defuzzification is converting fuzzy set in to real number. The Mean of 

Maximum (MOM) is considered as defuzzification in this system because of 

its high sensitivity i.e. if any small change in the input cause‟s abrupt change 

in output.Rule base for this system consists 9 rules which are shown in Table 

12. 
Table 12 Fuzzy Logic Rules 

Rules If: RSSI1 is and: RSSI2   is Then: Weight  

1 VVL VVL VVH 

2 VL VL VH 

3 L L H 

4 ML ML MH 

5 M M M 

6 MH MH ML 

7 H H L 

8 VH VH VL 

9 VVH VVH VVL 
 

 The power of each node is considered as inputs like maximum and 

minimum RSSI signals. The node signal power varies based on the 

environment dynamically then both RSSI values are taken as inputs and 

considering for fuzzification in order to generate correct weight. Nearer the 

receiver from anchor then higher the RSSI otherwise it is less [21].In case of 

real time scenario, the distance among anchors must meet the communication 

and connecting requirements. In this test environment the total area 

considered as 25 meters as shown in Fig.11. The LOS environment is different 

in different environments. Even though, the Path loss component in this  



 
 

 

 

 

 

 

Analysis of Hybrid 3D Indoor Localization with Uncertain  

Anchor Positions in Sustainable Applications   12066 

 

environment is estimated but it fluctuates. So, uncertainty in this can be 

avoided by fuzzy effectively.  If the rule base is strong then automatically the 

estimation of node is accurate. The fuzzification and de-fuzzification 

techniques selection also plays vital role. 

 
Figure 11 Graph between RSSI and Distance 

 

 After estimating RSSI values from all anchors, assign specific weights to 

them and these weights will be treated as output from mamdani fuzzy logic 

controller [22-24].The Mean of maximum is considered for this experimental 

setup. Average localization error for this to estimate each target position is as 

follows. Error=√((x-x‟)
2
+(y-y‟)

2
+(z-z‟)

2
)    (13) 

 Where x, y and z are co-ordinate of receiver node. 

 X‟,Y‟ and Z‟ are co-ordinates of corresponding anchor nodes. RMSE of 

different target positions are shown in Fig.12. 

 

 
Figure 12 RMSE verses Target positions 

 

 The average error location for different target node positions is 0.75. 

Therefore, the error depends on the target node placement which effects the 

path loss component [25].RMSE and minimum error for RSSI, Hybrid RSSI-

AOA and Fuzzy based Hybrid RSSI-AOA are shown in Table 13. 
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Table 13Comparative Analysis with proposed algorithm 

 

Localization Algorithm RMSE 

RSSI  1.35 

Hybrid RSSI-AOA 1.05 

Fuzzy+RSSI+AOA 0.75 

 

 
 

Figure 13 Graph between No. of anchors and RMSE 

 

 In order to see the performance of localization with no. of anchors, the test 

carried with different anchors and error analysed. When the real anchor nodes 

in the test environment are increased, the RMSE of proposed localization 

technique showed superiority over other techniques. The only RSSI cannot be 

the solution for node localization. In case of Hybrid RSSI and AOA 

localization techniques are shown moderate performance in this test area. The 

overall performances of all these localization techniques are shown in the Fig. 

13. 

 

5.1 CRLB Analysis 

 In order to first find an appropriate threshold for the RSS measurements, 

we investigated the effect of the RSS quantization level on the RMSE 

performance. Without loss of generality, we set σ1, σ2 and N = 4. One of the 

basic choices in selecting the quantization level is the number of anchors. As 

Fig. 14 illustrated, the higher quantized level S resulted in a lower RMSE 

value. However, the RMSE performance was not improved by increasing the 

quantization level S. This is because when S becomes large, there is not much 

difference among the quantized intervals, and boosting error can increase with 

S, especially when the measurements are noisy.  

 We also observed that the value quantized level had a significant impact 

on the performance of the estimated range. A small value S reduced the 

localization expense, but degraded the localization accuracy.. 
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Figure 14 RMSE versus Standard deviation with uncertainty in anchor positions 

 

 When S approached infinity, the estimator was actually reducing the 

deviation w.r.t to the conventional method with the bias-reducing constant. 

Thus, with a refinement scheme to exploit the above tradeoff, the proposed 

localization scheme worked well under the condition settings with respect to 

CRLB for the better improvement it is clearly shown in fig.14 

 

6 Conclusion 

 In this work, the localization errors in RSSI, Hybrid RSSI-AOA and 

Fuzzy RSSI-AOA measurements are analyzed for 3D indoor localization. The 

experimental results reveal the superiority of proposed Fuzzy based RSSI-

AOA localization over other techniques. The RMSE for RSSI and Hybrid 

RSSI-AOA are 1.35 and 1.05. Thus the proposed fuzzy based Hybrid RSSI-

AOA is suitable for complex 3D applications. The RMSE for the proposed 

scheme is 0.75. The RSSI fluctuations and severe LOS conditions are 

considered for this test environment. In this paper, the localization error 

analysed for both cases i.e. real time practical environment and simulation. 

The number of anchors in this work is 3 and localization RMSE is validated 

through CRLB estimator. Therefore, the no. of anchors with uncertainty is 

validated easily by CRLB estimation. 
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