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Distance Calculation by Using Bi-Section Algorithm
with RFID Signals

Baki KOYUNCU, Hakan KOYUNCU, Taner CELIK, and Sefika VARLIOGLU

Abstract----RFID data in the form of LQI and RSSI values are
collected at different distances from their sources. Data values are
calibrated with respect to these distances. Unknown distance of a
measurement point from a source can be calculated by using
calibration curves. Bi-section algorithm is introduced with these
calibration curves and the unknown measurement location is

calculated automatically. MATLAB is used during the calculations.
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I.  INTRODUCTION

IRELESS sensor nodes are introduced in localization in

recent years. Radio frequency identification devices,

RFIDs, are developed to find out the locations of
unknown objects. RFIDs generate RF signals and radiate in
all directions around them.

These RF signal amplitudes are formatted in the form of
received signal strength indicator (RSSI) values or Link
Quality indicator ( LQI ) values when they are received by the
receivers.

Their utilisation is very easy in indoor or outdoor
environment due to uniform spherical distribution of RF
signals. They do not require any infra structure during
transmission or reception [1, 2].

Many localization algorithms are introduced to use these
LQI and RSSI values in literature  [3,4 ]. In all these
algorithms there is a need of distance information between RF
source transmitters and the destination target object receivers.
If an RFID source, acting as a transmitter, transmits RF
signals; these signals radiate in spherical waves in all
directions. A target object with an RFID receiver receives
these signals in different signal amplitudes in the form of LQI
and RSSI values.

RF signal amplitudes attenuate with respect to increasing
distances between the source and the target object. Their
amplitudes decrease as the distance increases.

It is possible to plot the RF signal amplitudes with respect to
incremental distances between the source transmitter and the
target receiver. A best fit curve among the distribution of RF
signal amplitudes, identified as LQI or RSSI values, is
plotted. This plot is called a calibration curve for a particular
RF signal distribution with respect to distance.
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A numerical analysis technique is introduced in this paper to
determine the distances between the source and the unknown
object locations. This technique is called bi-section algorithm
which is a root finding method.

A range of distances with upper and lower limits is
considered across the calibration curve. unknown object
location with respect to source within this range is calculated
by using bi-section algorithm and the best fit curve equation.
In this paper, A theory of bi-section algorithm is given in
section 2. In section 3, experiments and results are presented.
Conclusions are given in sections 4.

Il.  THEORY

a) LQI and RSSI values

RF signals are effected from environmental conditions.
These signals are attenuated and their amplitudes decrease
with respect to distances.

There are many signal propagation path loss models in the
literature besides the free space propagation model [5].
According to free space transmission model, received signal
strength is defined , as

A

2
PRX = PTX 'GTX 'GRX (E}

Prx = transmission power, PRX = Receiver power, Gtx =
Gain of transmitter,

1)

Grx = Gain of receiver , A= wavelegth
d = Distance between transmitter and receiver.

In some wireless sensor nodes, received signal amplitude is
converted into RSSI values and it is given by

RSSI :10.Iogpi dBm

REF

)

where Pry is the received power and Pger is the reference
power where Pregr=1 mW. Prx decreases quadratically with
the distance between the transmitter and receiver.

In other wireless sensor nodes received signal amplitude is
converted into Link Quality indicator (LQI) values. It is an
indicator of the quality of signal packets received by the
receiver [6]. Signal amplitudes are divided into 255 levels at
RFID receiver and signal amplitudes are represented by these
levels between 0 and 255.

b)  Bi-section algorithm

Bi-section method is a Numerical analysis technique in
mathematics [7]. It is a root-finding method that repeatedly
bisects an interval and then selects a subinterval in which a
root must lie in it. It is also named as a binary search method
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where the range of possible solutions is halved in each
iteration. Assume a continuous distribution function F(x) for a
real variable x.

F(x) is a continuous function which is defined in between
lower limit a and upper limit b where 0< a< b as shown in
Figure 1.
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Fig. 1 A few steps of bi-section algorithm, circle is the root of the
function and the interval is between a and b.

F(X) must have minimum one root in interval (a, b). At
each step, the algorithm divides the interval into 2 and finds
the midpoint, c=(a+b)/2, and functon F(c) at mid point. If c is
not a root which is unlikely; there are two possibilities; F(a)
and F(c) have opposite signs and bracket a root or F(c) and
F(b) have opposite signs and bracket a root.

The method selects the subinterval to be used in the next
step. Hence the interval that contains a zero of F(x) is
reduced in width by 50% at each step. This continues until the
interval is sufficiently small.

If F(a) and F(c) are opposite signs, then the algorithm
sets ¢ as the new value for b, and if F(b) and F(c) are opposite
signs then the method sets ¢ as the new value for a.

If F(c) = 0 then c may be taken as the solution and the
process stops. In both cases, the new F(a) and F(b) have
opposite signs, so the algorithm is repeated in this smaller
interval.

In this study, the input for the algorithm is the continuous
function F(x) identified as the previously mentioned best
fitted curve. The interval [a, b] is the range of LQI or RSSI
measurements. F(a) and F(b) are the function values
corresponding to a and b values. Each iteration performs the
following steps:

1. Calculate c, the midpoint of the interval,

(a+h).

2. Calculate the function value at the midpoint, F(c).

3. If (a — ¢)=0 or F(c)=0, c is taken as solution and stop

iterating.

4. Examine the sign of F(c) and replace either (a, f(a)) or

(b, f(b)) with (c, f(c)) so that there is a zero crossing
within the new interval.

c=05%*

A flow chart of the bisection algorithm is presented in figure
2.
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Fig. 2 Flowchart of the Bisection Algorithm

The method converges to a root of F(x) if F(x) is a
continuous function between [a, b] and F(a) and F(b) have
opposite signs. The absolute error is halved at each step so the
method converges linearly.

If ¢, = (a+b)/2 is the midpoint of the initial interval, and c,
is the midpoint of the interval in the n™ step, then the
difference between ¢, and a solution c is b0u|nded by

— i1

2n (3)
Equation (3) can be used to predic the number of iterations
that the bisection algorithm would converge to a root. The
number of iterations, n, to achieve a given error ,g, is given
by:

len — ] <

. €0 logeg —loge
n = log (?) B log 2 " 4)
where
¢g = initial bracket size = b — a. (5)

Therefore, the linear convergence is given by
T
€nt1 = constant x e,°, m=1. ()

I1l. EXPERIMENTS & RESULTS

Experiments are conducted in outdoors. A part of the
football field is deployed to carry out the measurements.
RFID data in the form of LQI and RSSI values are recorded
by using different wireless sensor nodes. RF CODE
transmitters and receivers, [8] ,are employed for RSSI
recordings. These devices are shown in Figure 3.
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Fig. 3 RF CODE transmitters and receivers

Jennic transmitters and receivers,[9],are employed for LQI
recordings. These devices are shown in Figure 4.

Fig. 4. Jennic transmitters and receivers

Transmitters are placed at one end of the field. The
receivers are placed infront of the transmitters at 1m
incremental distances. LQI and RSSI measurements are taken
and recorded in text files. Table 1. Distances between
transmitters and receivers are varied between 1m to 100
meters.

TABLE |

100 RECORDED LQI (A) AND RSSI (B) VALUES
NO Y nNO Y NO Y NO Y
? 124 51 118 1 45 51 69
2 120 52 118 2 <5 2 70
3 120 63 119 3 46 53 Al
4 120 64 119 4 46 54

[ 120 55 118 5 47 55 7"
6 120 56 115 6 47 “ ]
7 120 67 112 7 48 (34 70
(i 120 68 110 8 48 58 71
9 120 59 107 9 48 59 72
10 119 60 104 0 49 & 2]
1M 117 61 103 ] 49 6 74
12 116 62 104 12 50 62 75
13 115 63 105 13 50 63 72
14 114 64 106 M 50 73
15 116 65 105 15 51 65 7]
% 7 66 106 15 52 66 7%
17 116 6T 106 17 49 61 716
18 116 68 105 13 50 68 -7
19 117 69 106 19 51 69 %
20 118 70 106 2 50 10 %
21 119 7% w07 21 52 11 8
2 18 712 107 n 5 n 7
2 116 n 106 23 “ s 9
24 115 74 106 24 % 14 8
2% 115 715 107 2% 55 15 .78
2% 12 1% 107 % 54 % 18
4 110 mn 107 rd4 57 114 7
28 108 ™8 107 2 58 8 80
29 109 19 107 2 55 19 79
3 18 80 107 3 6 80 -8
n 108 't 106 " 61 (1] 31
32 109 B2 106 2 62 82 82
33 108 83 104 3 60 8 33
M 108 84 105 M 59
¥ 109 85 104 » 62 85 34
3B 111 86 104 » 63 86 25
37 113 87T 103 7 B4 87 a7
3 115 88 103 3 64 88 85
19 119 89 101 » 64 89 a6
40 17 90 100 40 62 90 83
4 1 9N 93 41 65 9N 90
42 1a % « 2 % 2 91
43 112 93 97 4) L4 93 2
4 111 o a7 44 63 93
a4 110 95 “ 45 64 95 95
% 109 9 o 4 65 9% 9%
ar 110 97 9 47 -6 L 47
48 113 98 B2 45 65 98 98
49 115 99 ~ 43 67 99 99
60 117 100 * 0 68 100 -98

(@) (b)
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MATLAB is used to plot the recorded LQI and RSSI values
against distances and displayed in a GUI. Their best fit curves
are plotted by using curve fitting techniques. See Figure 5 and
Figure 6.

Emperical equations of these best fit curves are generated
by MATLAB. Bisection algorithm is applied on these best fit
curves to determine the unknown object locations for
recorded LQI and RSSI values at that location.

GUI has several curve fitting options such as 1% to 5"
degree polynomials and exponantial function. Any option can
be selected and be fitted on LQI and RSSI distributions. For
example in Figure 5 the best fitted curve is a 3rd degree
polynomial function. This function is given as;

y =-7.2242e-005*x"3 + 0.0096326*x"2 —

0.52412*x + 122.3097 @)

Lower and upper unknown location boundaries are selected

as 0 and 40 meters. LQI measurement values which are

represented by y are entered in equation (7). For example if

y= 115, x distance of the unknown location from the
transmitter source is calculated as 20.45 meters.
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Fig. 5. Plot of LQI Data in Table 1(a) and its best fit curve of 3

degree polynomial
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Fig. 6. Plot of RSSI data in Table 1(b) and its best fit curve of 4'"

degree polynomial

Similarly, in Figure 6, RSSI values in dB are plotted
against x distances between Om to 100 meters. Best fitted
curve is found to be a 4th degree polynomial function. This
function is given as ;
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y = -2.2879e-006*x"4 + 0.0004106*x"3 -
0.024063*x"2 - 0.0063724*x - 45.9221

®)

Lower and upper unknown location boundaries are
selected as 20 meters and 60 meters. If the RSSI
measurement value which is represented by y is entered in
equation (8) as -70 dB, x distance of the unknown location
from the transmitter source is calculated as 56.31 meters.

Bisection algorithm obtains this final x distance value by
carrying out several iterations as explained in theory part.
These iteration steps are shown in Table 2 as an example for
measurements with RSSI values.

TABLE Il

BiSECTION ALGORITHM STEPS WiTH LOWER(LEFT) ,(UPPER(RIGHT)
BOUNDARIES AND MIDDLE POINT C IN METERS

No left right middie(c

1 20.000000 ©0.000000 <0.000000
2 <0.000000 €0.000000 £0.000000
3 £0.000000 ©0.000000 £5.000000
s £5.000000 €0.000000 £7.800000
8 £5.000000 £7.200000 58.250000
e £8.250000 &87.200000 £8.875000
7 £6.250000 £6.875000 58.862%00
8 £6.250000 £8.562500 £8.4082%0
S 56.250000 £6.400250 £8.328125
10 56.250000 £8.328125 £€.2895083
11 50.289082 £08.328125 £$£.308594
12 50, 308504 £8.328125 56.318288
13 50.208%94 £0.3183%8 £8.213477
14 50.313477 £0.3183%58 58.215918
15 50.313477 £8.315918 58.214097
- 80.313477 £8.314897 58.314087
17 58.314087 56.314697 $8.3143%2
18 56.214087 £8.314392 $8.314240
19 £6.31:087 £8.314250 S8 314182
20 58.3145183 £8.312240 58.314201
21 £6.314183 £8.318201 S8.315182
2 28.314183 831412 £8.314173
23 88.314183 £8.315173 £8.315162
22 58.314183 28.315188 £8.315100
25 28.314183 £8.315108 £8.312182
. 86.314183 £8.314184 S840

These experiments are repeated for several known object
locations with different wireless sensor nodes. The
transmitter sensor outputs are recorded at known object
locations and x distances of these known locations from
transmitter are calculated with the developed software. It is
found that error distances between known and calculated
object locations are quite small. Sample results are presented
in Table 3 for comparisons.

TABLE Il

COMPARISONS OF CALCULATED AND KNOWI X DiSTANCES OF UNKNOWN
OBJECT FROM A SOURCE NODE

X meters X meters
X meters calculated calculated
known LQI RSSI
12 12.2 12.5
24 235 244
36 iz g iz ’d
T8 782 777
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V. CONCLUSIONS

Wireless sensor nodes are very popular devices to determine
the unknown object locations. They use RF signals in the
form of LQI and RSSI values depending on the device types.
Calculation of unknown locations in meters with respect to a
source node gains importance during localization procedures.

Bisection algorithm is employed to determine the object
locations by using RF signal amplitude measurement values.
A software is developed to determine the unknow object
locations by simply entering the LQI or RSSI values
measured at the unknown location in the GUI.

Best fit curves of the LQI and RSSI distributions are
called calibration curves. Lower and upper x distance values
are selected on these curves.

Bisection algorithm is applied within this range and the

required unknown x value is determined.
Average error distance between the actual object location and
the calculated object location by using LQIs is 0.27 meters.
The same error becomes 0.37 meters by using RSSI values.

Hence the software developed here is a reliable method of
finding x unknown distances by using only RF signal
amplitudes once the distances between object and the source
is calibrated.
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