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Abstract—Radio frequency identification (RFID) is a rapidly 

growing technology that has the potential to make great 

impacts on many industries. While RFID is a relatively old 

technology, more recent advancements in chip manufacturing 

technology are making RFID practical to affect many different 

industries and applications. These advancements have the 

potential to revolutionize supply-chain management, inventory 

control and logistics. The aim of this paper is to develop an 

efficient algorithm for RFID tag localization which uses an 

interesting method for positioning. The modeling and 

simulation of indoor reverse RFID tag localization based on 

mobile antenna reader position using enhancement 

triangulation method with a commercial RFID system are 

introduced for the positioning. Tag identification detection is 

done by a commercial RFID system and the specific aim is 

satisfied through the use of the proposed tag localization 

algorithm by Matlab program. Based on the proposed tag 

localization algorithm, the tag localization demonstration 

system has been designed and fabricated. Different trace 

scenarios based on practical data have been introduced and 

discussed to demonstrate the performance of the proposed 

indoor reverse RFID tag localization method to meet the 

requirements of different numerous new applications. 

Keywords-RFID; reverse RFID; enhancement triangulation 

method; tag localization algorithm; tag localization 
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I.  INTRODUCTION 

RFID is one of data capture technologies and an 
automatic identification technology that is used for 
identifying and tracing different objects locally and globally, 
person or animal, using electromagnetic coupling in the radio 
frequency (RF) portion of the electromagnetic spectrum to 
identify this things. RFID is one of the fastest growing and 
most beneficial technologies being adopted by businesses 
today, it is coming into increasing use in industry as an 
alternative to the bar code, and it has lots of applications 
such as, inventory management and object tracking or 
security checks [1], [2]. RFID refers to small electronic 
devices that consist of a small chip and an antenna. This 
system uses tags attached to the objects to be identified. 
Interrogators or readers send a signal to the tag and read its 
response [3]. The readers in turn transmit the received data to 
a computer system running RFID software to manage it. The 
reverse RFID differs from conventional RFID in its 
operation. The conventional RFID operates as, (1) reader 
senses tags that are within range, (2) tag transmits a unique 

ID, (3) detected tag IDs are sent to the surface, and (4) tag 
location is associated with the reader’s known location and 
displayed on the tracking computer. While, reverse RFID [4] 
operates as, (1) tags continually transmit their IDs, (2) reader 
detects nearest tag(s), (3) the proposed demonstration system 
detects the antenna reader position, and (4) tracking 
computer calculates and displays tags position. This paper 
describes an enhancement triangulation method localization 
based algorithm to localize a tag within a mobile RFID 
antenna reader environment. The proposed tag localization 
algorithm is developed to validate this localization process, 
simulate it and analyze its performance. Requirement 
specification for the proposed RFID based localization 
modelling can be determined based on various analysis plots 
with different trace scenarios. The proposed algorithm 
analyses tag localization based on a practical data. This 
practical data can be obtained from the proposed tag 
localization demonstration system which it has been 
designed and fabricated based on proposed tag localization 
algorithm. Multiple analyses have been illustrated to show 
the performance of the proposed indoor reverse RFID tag 
localization method. 

II. ENHANCEMENT TRIANGULATION METHOD 

Positioning methods can be classified into two main 
groups: (1) relative positioning or dead-reckoning, and (2) 
global or absolute positioning. The first group achieves 
positioning by odometer which consists to count the number 
of wheel revolutions to compute the offset relative to a 
known position. A global positioning system is thus required 
to recalibrate the position periodically. Relative and global 
positioning are complementary to each other [5].  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1.  The 2D plane triangulation method. 
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In many cases, global positioning is ensured by beacon-
based triangulation. Triangulation method is the process        
of determining the location of a point by measuring angles to 
it from known points (A1, A2, A3). Because of the large 
variety of angle measurement systems, triangulation has 
emerged as a widely used, robust, accurate, and flexible 
technique [6], [7]. The process of determining the unknown 

object position (T) from three beacon angle (α1, α2, α3) 
measurements is termed as; three object triangulation [8]. 
Fig. 1 shows the two dimensional (2D) triangulation method 
where T denotes the tag. A1, A2, and A3 are the beacons 

(antenna reader positions). α1, α2, and α3 are the angle 
measurements respectively for A1, A2, and A3, relatively to 
the reference orientation, R. The triangulation algorithms can 
be classified into four groups [8]: geometric triangulation, 
geometric circle intersection, iterative methods, and multiple 
beacons triangulation. Reference [9] introduced the 
algorithm belongs to the second group, that is: Geometric 
Circle Intersection. It first computes the parameters of the 
three circles passing through the unknown object position 
and the three pairs of beacons. Then it computes the 
intersection of these three circles, by using all the three 
circles, not only two of them. This algorithm has two 
assumptions: (1) the beacons are distinguishable, and (2) the 
angle measurements from the beacons are taken separately 
and measured counterclockwise (CCW) relatively to some 
reference angle relatively to the reference orientation, R. 

ALGORITHM 1: THE PROPOSED ENHANCEMENT TRIANGULATION METHOD. 

Given the three beacon, Ai, coordinates {xi, yi} and the three angle 

measurements αi, where i is the beacon number: 

1. compute the circle center coordinates of these three beacon points 

{xc, yc}: 

xc = (x1 + x2 + x3) / 3,        yc = (y1 + y2 + y3) / 3               (1) 

2. determine the index of each beacon: 

a. coordinate of A3: 

if x1 > xc and x2 > xc Then A3 = {x3, y3} 

elseif x1 > xc and x3 > xc Then A3 = {x2, y2} 

elseif x2 > xc and x3 > xc Then A3 = {x1, y1} 

b. coordinate of A1: 

elseif x1 < xc and x2 < xc Then A1 = {x3, y3} 

elseif x1 < xc and x3 < xc Then A1 = {x2, y2} 

elseif x2 < xc and x3 < xc Then A1 = {x1, y1} 

c. coordinate of A2: 

elseif x1 <= x2 or x1 >= x2 and y1 < y2 

Then A1 = {x1, y1} and A2 = {x2, y2}                    (2) 

3. compute the modified beacon coordinates: 

X1 = x1 - x2,    Y1 = y1 - y2,    X3 = x3 - x2,    Y3 = y3 - y2            (3) 

4. compute the three cot(.): 

B12 = cot(α2 -α1),    B23 = cot(α3 -α2) 

B31 = (1- B12B23) / ( B12 +B23)                              (4) 

5. compute the modified circle center coordinates {Xij, Yij}: 

                      X12 = X1 + B12Y1,    Y12 = Y1 - B12X1 

                      X23 = X3 - B23Y3,    Y23 = Y3 + B23X3 

X31 = (X3 + X1) + B31 (Y3 - Y1),    Y31 = (Y3 + Y1) - B31 (X3 - X1)    (5) 

6. compute the power of the origin relatively to the circles passing 

through the beacons and the reference angle: 

  K31 = X1X3 + Y1Y3 + B31 (X1Y3 – X3Y1)                       (6) 

7. compute the denominator D, common to xT and yT (Return with an 

error if D = 0): 

  D = (X12 – X23)(Y23  – Y31) - (Y12  – Y23)(X23 – X31)                (7) 

8. compute the tag position {xT, yT} and return: 

                            xT  = xc + [(K31 (Y12  – Y23)) / D] 

yT  = yc + [(K31 (X23 – X12)) / D]                              (8) 
 

The most important simplification consists in translating 
the world coordinate frame into one of the beacons, which is 
solving the problem relatively to one beacon and then add 
the beacon coordinates to the computed tag position. The 
beacons index is considered an important determination to 

avoid the ambiguity of the measured bearing angle, αij, 
between any two, i and j, beacons, Ai and Aj, where only two 
of the three bearing angles are independent. So, in this 
section, the enhancement triangulation method introduces a 
deterministic rule to guess the index of any beacon related to 
the proposed environment. The proposed enhancement 
triangulation method algorithm is given in Algorithm 1. To 
validate the proposed enhancement algorithm, some 

simulations have been done in scanner area 500×500 mm
2
 

with non-collinear beacons random generator to compute the 
estimated position. It was found that, the position error is the 
Euclidean distance between the exact and estimated position 

and a constant multiplicative factor (σ = 0.1) must be applied 
as an approximation to maintain the position error. The 
proposed enhancement algorithm has been examined for 
different trace scenarios of antenna reader scanner area 
movement entitled, X-line zigzag, Y-line zigzag, X-Y in-
spiral and X-Y out-spiral, as shown in Fig. 2. 

 
 
 
 
 
 
 

(a) The X-line zigzag.                         (b) The Y-line zigzag. 

 

 

 

    (c) The X-Y in-spiral.                         (d) The X-Y out-spiral. 

Figure 2.  The different trace scenarios of antenna reader movement. 

The different trace scenarios algorithms are given in 
Algorithms 2 and 3. 

ALGORITHM 2: THE X- OR Y-LINE ZIGZAG TRACES SCANNER. 

1. generate a matrix contains random tag(s) positions with unkown 

location {xT, yT}. 

2. generate X-counter to start from 0 to 500. 

3. generate Y-counter to start from 0 to 500. 

4. generate a scanner [X Y] based on X- or Y-counter related to Y- 

or X-counter. 

5. Compare the scanner [X Y] with the generated random tag(s) 

positions in X-axis: 

a. if xT ≠ { x : x∈ scanner [X Y]}, then discard this location point. 

b. elseif xT = { x : x ∈ scanner [X Y]}, then stored this location 

point. 

6. Compare the scanner [X Y] with the generated random tag(s) 

positions in Y-axis: 

a. if yT ≠ { y : y∈ scanner [X Y]}, then discard this location point. 

b. elseif yT = { y : y ∈ scanner [X Y]}, then stored this location 

point. 

7. recall the stored location points in X- and Y-axis. Then display 

the tag position {xT, yT}. 
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ALGORITHM 3: THE X-Y IN- AND OUT-SPIRAL TRACES SCANNER. 

1. generate a matrix contains random tag(s) positions with unkown 

location {xT, yT}. 

2. generate X-counter to start from 0 to 500. 

3. generate Y-counter to start from 0 to 500. 

4. generate a scanner [X Y] based on X- and Y-counters related to 

in- or out-spiral traces selection. 

5. Compare the scanner [X Y] with the generated random tag(s) 

positions in X-axis: 

a. if xT ≠ { x : x∈ scanner [X Y]}, then discard this location point. 

b. elseif xT = { x : x ∈ scanner [X Y]}, then stored this location 

point. 

6. Compare the scanner [X Y] with the generated random tag(s) 

positions in Y-axis: 

a. if yT ≠ { y : y∈ scanner [X Y]}, then discard this location point. 

b. elseif yT = { y : y ∈ scanner [X Y]}, then stored this location 

point. 

7. recall the stored location points in X- and Y-axis. Then display 

the tag position {xT, yT}. 
 

III. TAG LOCALIZATION DEMONSTRATION SYSTEM 

A. Tag Identification 

A commercial 2.4 GHz RFID reader system (MR3101) 
has been used to identify tag ID number. This system has the 
ability to read specified tag stored data, single tag data and 
multi-tags that in the antenna reading area with standard 
omni-directional antenna at the frequency band 2.4-2.5 GHz. 
Also, the reader system has wireless transmission rate equals 
one MBps, as shown in Fig. 3. 

 
 
 
 
 

Figure 3.  The 2.4 GHz RFID reader (MR3101) system. 

B. The Proposed Microstrip Array Antenna 

The rectangular microstrip antenna element with inset 
feed has been introduced and analyzed. The proposed 
antenna structure has been designed using Rogers RO3210 

substrate with (εr = 10.2, tanδ = 0.003) and thickness of 1.27 
mm. The 3D and top views of the proposed antenna and 
simulated S11 in dB versus f in GHz are shown in Fig. 4. 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.  The proposed antenna and results (all dimensions in mm). 

The proposed array antenna composed of four antenna 
elements, Wilkinson power divider and the top view of the 
proposed array are shown in Fig. 5. The proposed array 

antenna acts as an alternative antenna to the standard omni-
directional antenna of the RFID reader system (MR3101). 
Different parametric solutions have been analyzed using a 
commercial software [10] to optimize the proposed array 

structure at the frequency band 2.4-2.5 GHz ± 0.1 GHz and 
the S-parameter, surface current distribution, Jsur and far field 
simulation results are shown in Fig. 5. 

 
 
 
 
 

 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5.  The proposed array antenna and simulation results (all 

dimensions in mm). 

Photograph of the proposed fabricated array antenna at 
antenna laboratory and the measured S11 in dB can be 
analyzed with network analyzer is shown in Fig. 6. 

 
 
 
 
 
 
 
 
 

Figure 6.  The proposed array antenna and measured result at antenna Lab. 

C. The Proposed Tag Localization Demonstration System 

The proposed tag localization demonstration system has 
been introduced, fully designed and fabricated, as shown in 
Fig. 7. The proposed demonstration system consists of 
mechanical area scanner (MAS), RFID reader, tags, personal 
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computer (PC) and controller unit to realize the aim of this 
paper and provide with antenna reader position for each trace 
scenario. The antenna reader position practical data is 
applied to the proposed tag localization algorithm to validate 
the localization process and estimate the tag(s) position. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7.  The proposed tag localization demonstration system. 

A digital signal controller (DSC) is a single-chip 
embedded controller that seamlessly integrates the control 
attributes of microcontroller (MCU) in a single core with the 
computation and throughput capabilities of digital signal 
processor (DSP). Microchip’s dsPIC30F DSC offers a 
powerful 16-bit MCU: fast, sophisticated and flexible 
interrupt handling, a wide array of digital and analog 
peripheral functions, power management, flexible clocking 
options, code security, full-speed real-time emulation, and 
full-speed in-circuit correct solutions. The proposed 
controller unit has been designed based on the 16-bit MCU 
Microchip’s (dsPIC30F3014) to control the movement of 
RFID antenna reader system and select the desired trace 
scenario. Also, the proposed controller unit has two modes of 
operation; auto and manual modes. 

The proposed practical tag localization demonstration 
system block diagram has been shown in Fig. 8. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Vc : Control voltage.                       Vm: Movement voltage to motors. 
RF : Radio frequency to and from antenna. 
ID  : Identify tag ID number. 

Figure 8.  The proposed practical system block diagram. 

IV. THE PROPOSED TAG LOCALIZATION ALGORITHM 

The proposed tag localization demonstration system 
operation can be summarized, as follow: 

• Setup the proposed system, as shown in Figs. 7 and 8. 

•  Adjust the controller unit mode, and then select the 
trace scenario, as mentioned above. 

• Operate the RFID reader and connect the RF cable to 
antenna at the reader antenna holder. Then, connect the 
reader to the PC local area network through TCP/IP 
interface. 

• Start the operation and data output parameters, ID and 
antenna reader position, will send to PC. 

The practical data stored and the proposed algorithm has 
the ability to read specified tag(s) stored data and analyze tag 
localization based on these practical data. 

In principle, fuzzy membership functions can be of 
different shape, but in practice, triangular and trapezoidal 
membership functions are most frequently used. A 
membership function assigns to every number, the degree to 
what this number satisfies the corresponding property [11]. 
When RFID reader in timer work mode, it will read tag 
automatically and a lot of antenna reader position data has 
been collected for each identify of specific tag. 

ALGORITHM 4: THE TRIANGULAR FUZZY MEMBERSHIP FUNCTION. 

Given antenna reader position practical data for specific tag(s): 

1. read the practical data in scanner area 500×500 mm2 from stored 

data file. 

2. generate nine triangular membership function with 100 mm base 

and 150 mm peak in spesific axis: 

a. triangle (1): starts at point (0,0) with peak at point (50,150). 

b. triangle (2): starts at point (50,0) with peak at point (100,150). 

          : 

i. triangle (9): starts at point (400,0) with peak at point (450,150). 

3. shift the nine triangular membership function in other axis eight 

times with 50 mm shift to cover the entire area. 

4. determine and count the number of beacon points, N, in each 

triangular of the entire area: 

a. if N < 3, then discard these points. 

b. elseif N = 3, then these points are the desired three beacons. 

c. elseif N > 3, then select points less than the average. 
 

ALGORITHM 5: THE TRAPEZOIDAL FUZZY MEMBERSHIP FUNCTION. 

Given antenna reader position practical data for specific tag(s): 

1. read the practical data in scanner area 500×500 mm2 from stored 

data file. 

2. generate five trapezoidal membership function with 100 mm base 

and 150 mm hight in spesific axis: 

a. trapezoid (1): starts at point (0,0) and end at point (100,0). 

b. trapezoid (2): starts at point (100,0) and end at point (200,0). 

          : 

e. trapezoid (5): starts at point (400,0) and end at point (500,0). 

3. shift the five trapezoidal membership function in other axis eight 

times with 50 mm shift to cover the entire area. 

4. determine and count the number of beacon points, N, in each 

trapezoidal of the entire area: 

a. if N < 3, then discard these points. 

b. elseif N = 3, then these points are the desired three beacons. 

c. elseif N > 3, then select points less than the average. 
 

So, the triangular and trapezoidal fuzzy membership 
functions have been suggested to provide with the decision 
to form multiple groups of beacons where each group has 
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three beacons. The triangular and trapezoidal fuzzy 
membership functions algorithm are given in Algorithms 4 
and 5, where the triangular membership function is applied 
to X-line zigzag and Y-line zigzag trace scenarios. While the 
triangular and trapezoidal membership functions are applied 
to X-Y in-spiral and X-Y out-spiral trace scenarios. The final 
proposed tag localization algorithm is developed and applied 
to satisfy the proposed localization process based on the tag 
localization demonstration system practical data. The final 
proposed tag localization algorithm based on mobile antenna 
reader position using enhancement triangulation method with 
triangular membership function is given in Algorithm 6. The 
proposed localization system and developed algorithm have 
been executed to demonstrate the efficient final positioning 
algorithm performance. Also, the modelling can be applied 
for different trace scenarios, two types of antenna and fuzzy 
membership functions.  

ALGORITHM 6: THE FINAL PROPOSED TAG LOCALIZATION ALGORITHM 

(TRIANGULAR FUZZY MEMBERSHIP FUNCTION). 

Given antenna reader position practical data for specific tag(s): 

1. read the practical data in scanner area 500×500 mm2 from stored 

data file. 

2. generate nine triangular membership function with 100 mm base 

and 150 mm peak in spesific axis: 

a. triangle (1): starts at point (0,0) with peak at point (50,150). 

b. triangle (2): starts at point (50,0) with peak at point (100,150). 

          : 

i. triangle (9): starts at point (400,0) with peak at point (450,150). 

3. shift the nine triangular membership function in other axis eight 

times with 50 mm shift to cover the entire area. 

4. determine and count the number of beacon points, N, in each 

triangular of the entire area: 

a. if N < 3, then discard these points. 

b. elseif N = 3, then these points are the desired three beacons. 

c. elseif N > 3, then select the desired three beacons less than the 

average. 

5. determine the index of each beacon, Ai : 

a. coordinate of A3: 

if x1 > xc and x2 > xc Then A3 = {x3, y3} 

elseif x1 > xc and x3 > xc Then A3 = {x2, y2} 

elseif x2 > xc and x3 > xc Then A3 = {x1, y1} 

b. coordinate of A1: 

elseif x1 < xc and x2 < xc Then A1 = {x3, y3} 

elseif x1 < xc and x3 < xc Then A1 = {x2, y2} 

elseif x2 < xc and x3 < xc Then A1 = {x1, y1} 

c. coordinate of A2: 

elseif x1 <= x2 or x1 >= x2 and y1 < y2 

Then A1 = {x1, y1} and A2 = {x2, y2}                    (1) 

6. determine the three angle measurements, αi , between the specific 

three beacons group using DOT product. 

7. compute the circle center coordinates of these three beacon points 

{xc, yc}: 

xc = (x1 + x2 + x3) / 3,        yc = (y1 + y2 + y3) / 3               (2) 

8. compute the modified beacon coordinates: 

X1 = x1 - x2,    Y1 = y1 - y2,    X3 = x3 - x2,    Y3 = y3 - y2            (3) 

9. compute the three cot(.): 

B12 = cot(α2 -α1),    B23 = cot(α3 -α2) 

B31 = (1- B12B23) / ( B12 +B23)                              (4) 

10. compute the modified circle center coordinates {Xij, Yij}: 

                      X12 = X1 + B12Y1,    Y12 = Y1 - B12X1 

                      X23 = X3 - B23Y3,    Y23 = Y3 + B23X3 

X31 = (X3 + X1) + B31 (Y3 - Y1),    Y31 = (Y3 + Y1) - B31 (X3 - X1)    (5) 

11. compute the power of the origin relatively to the circles passing 

through the beacons and the reference angle: 

  K31 = X1X3 + Y1Y3 + B31 (X1Y3 – X3Y1)                       (6) 

12. compute the denominator D, common to xT and yT (Return with an 

error if D = 0): 

  D = (X12 – X23)(Y23  – Y31) - (Y12  – Y23)(X23 – X31)                (7) 

13. compute the tag position {xT, yT} and return: 

                            xT  = xc + [(K31 (Y12  – Y23)) / D] 

yT  = yc + [(K31 (X23 – X12)) / D]                              (8) 
 

It was clear that the Algorithm 6 can be modified to use 
trapezoidal membership function instead of triangular 
membership function using Algorithm 5. The localization 
process and the proposed algorithm have been investigated, 
realized and tested. The proposed algorithm based on 
practical data is fast and the error slightly differs by 40% 
with relatively resolution of 3%.  

V. CONCLUSIONS 

In this paper, the modeling and simulation of indoor 
reverse RFID tag localization based on mobile antenna 
reader position using enhancement triangulation method and 
fuzzy membership function are introduced and simulated for 
the positioning. A commercial RFID system has been used 
for Tag identification detection. The tag localization 
demonstration system has been designed and fabricated to 
provide with practical data. The proposed tag localization 
algorithm with different trace scenarios based on practical 
data have been introduced and discussed. The proposed 
indoor reverse RFID tag localization method shows good 
performance to meet the requirements of different numerous 
new applications. 
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