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Abstract

Studies has suggested that the association between Received Signal Strength Indication
(RSSI) and measured distance between the transmitter and receiver can be one of the key
elements for ranging and localization technologies. In this study, measurements of RSSI
and the distance between 1800MHz receiver and transmitter within an indoor
environment were acquired, recorded and analyzed. Using the data, correlation for a
select indoor environment was derived. By comparing the recorded distance values
acquired at set RSSI with values calculated based on the Free Space Path Loss equation,
provisional estimation of the indoor signal fading can be established. The experiment
was the initial part of a three-stage work that will later entail the comparison to that of
outdoor as well as clean room environments. The final result of the study hopes to achieve
a simple yet improved indoor fading model experienced by mobile communication
signals.
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1. Introduction

In the attempt to improve ranging and positioning technologies by means of Radio
Frequency (RF) exploitation, it has become more critical to identify mathematical
equations which can precisely link the association between the RSSI [1] readings and
distance travelled by the signal. Received Signal Strength Indication (RSSI) is basically
the received power at the receiver. It includes propagation loss due to distance travelled
by the signal, the gain at the antenna/s as well as the loss. The RSSI analysis was made
possible with the use of GSM radio transceiver units, a signal generator and a spectrum
analyzer. In this paper, an association which can link the RSSI readings and measured
distance within a specific indoor environment was derived and evaluated. The article is
structured as follows: Section 2 - outlines on the theoretical steps in order to obtain the
estimation model. Section 3 highlights the result and discussion of the conducted
experiment. Section 4 points out the conclusion of the paper and the direction of future
works.

2. Variation of RSSI in a Specific Indoor Environment

RSSI, Angle of Arrival (AOA) and Time Difference of Arrival (TDOA), are ranging
technologies that are currently gaining popularity [4]. With the use of these technologies,
ranging capability now can involve reduced implementation complexity, reduced
overhead, and cheaper expenditure. It can be very suitable for portable receivers which
have limited power source. RSSI can be described as the voltage output of the receiver
which measured by a receiver’s circuitry. Basically, it is more commonly to be measured
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as power (the squared magnitude of the signal strength). This removes the requirement for
extra hardware in the receiver in order to measure the power of signal strength thus
reduced the consumption of the power supply, size and cost. From reliable models of an
RF signal propagation within a structure or other environments, RSSI could be exploited
to produce dependable expanse estimation between the transmitter and the receiver. This
approach necessitates detailed and proven models of RF propagation and comprises of all
possible variants in receiver orientation and sensitivity [3].

2.1 Principle of RSSI Ranging

The theory of RSSI ranging involves the association between received power and
transmitted power of wireless signals and the gap between the transmitter and receiver.
This relationship is shown in (1) . B. is the received power at the receiver. P; is the
wireless signal’s transmitted power. d is the space between the transmitter and receiver. n
is the parameter which quantity depends on the propagation environment.

1 n

P= P x () [8] (1)
Equation (1) can be simplified into Equation (2) by multiplying 10 to the logarithm of
both sides on (1),

10log,o B = 10log,o Py — 10nlogod  (2)

P,, the transmitted power, and can be expressed in term of power unit of dBm.
Equation (2) can be rephrase as Equation (3).

B.(dBm) = A —10nlog,yd 3)

It can be observed that the quantities of parameter n and parameter A are governed by
Equation (3) outlining the association between the received signals strength and the
spread how far the signal transmission had travelled.

2.2 RSSI-based Ranging Equations

Free-space model is one of the familiar model to determine the Path Loss. It is only
valid to the following occasions: 1) the carrier wavelength A and the antenna size is much
smaller than the transmission distance; 2) there is no obstruction between the receivers
and the transmitters. With presumption that P; is the wireless signal’s transmission power;
the power of received signals, P. of receiver located within the span of d can be
ascertained using the ensuing formulas:

PGy Gy A?
P(d) = o (4)

AZ
PL(dB) = 1010g:;£ = —10 lOg [(471.)2(12] (5)

In (4), L is system loss factor where G, and G,-are antenna gain. In most cases, values
of G, =1, G, =1, and L = 1 are commonly adopted. Equation (5) is the signal attenuation
formula expressed in logarithmic scale. In Equation (5), the distance and the received
power are 2-th power attenuation [3].

2.3 Empirical Model for RSSI Ranging

By knowing transmit power and received signal strength, the distance separation can be
estimated. Using both values the propagation loss can also be computed. Empirical and
theoretical and results of the calculation can be used for distance estimation. This method
is widely deployed particularly for Radio Frequency signals. All signal power received
are theoretically inversed proportion to the distance.

P x L (7

pn
RSS o 10 x log(3)" (8)
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RSS = —10 xn xlog(D) +C 9)

where n is the path-loss exponent factor and D is the separation gap between the
receiver and the transmitter. C can be deemed as a fixed constant. RSSI can be formulated
as:

RSSI = —m X log(D) +C (10)

For equation (11), m represents the linear equation’s slope between RSSI and log(D) is
the path loss exponent factor summed up together as:

n="/10 (11)
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2.4 Indoor Experimental Set Up

Figure 1. Experimental Set up

The experiment was a preliminary step in defining a measurement model estimation to
define a distance based on RSSI. Figure 1 shows the experimental set up. The receiver
that was used is a lab-assembled receiver founded on AD8313 IC chip. The circuit
designed is able to detect signal in the range between 1.7GHz and 1.9GHz. The 1.8GHz
signal was selected for recording during the measurement campaign. The output of the
receiver is the voltage value that can be consider as RSSI. Received power value in dBm
is determined by connecting the receiver to the signal generator directly and adjusted to
the available measured voltage. In hope to acquire the best result, the following
precautions were adhere to. In every setup, the transmitter and receiver was arranged to be
at the same height. Voltage supply to the receiver was fixed to 7.32V. There were no
obstacle between the receiver and transmitter in order to ensure there was a clear line of
sight between them. The antennas that were used at the receiver and transmitter were
isotropic type. Signal generator was used instead of mobile phone since a signal generator
is capable to provide a more stable power transmit. The receiver sensitivity was set to -
43dBm as such would be able to avoid interference with transmitted signals by base
stations. Receive signals power from the base stations in the areas selected identified
using a spectrum analyzer is below -45dBm. In the attempt to avoid interference with
uplink GSM signals from mobile phone call-out, no active phone device active was
allowed at the testing area. The area involved in the testing is depicted in Figure 2.
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Figure 2. Indoor Environment Map

3. Result and Discussion

Distance can be estimated by using FSPL equation. As the distance between the
transmitter and receiver increases, the value of the path loss will be higher. As path loss
increases, RSSI decreases.

Estimated RSSI Through FSPL
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Figure 3. Calculated RSSI based on FSPL Model

From equation (5) the RSSI was calculated for distances between 1m and 8m. Figure 3
shows the plot of calculated RSSI values at the receiver originated form transmitter with
20dBm power.

3.1 Experimentation Analyses within an Enclosed Environment

The outcome of the enclosed experimentation is presented in Figure 4. RSSI readings
were then recorded at 1 meter interval distance up to 8 meter. Readings for every
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measurement were repeated 8 times within duration of 30 seconds. The plot of RSSI
guantities in dBm is shown in Figure 4. The mean values for each distance as well as the
calculated values using FSPL equation are shown in Figure 5.
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Figure 4. RSSI Value (Indoor)

Comparison of Calculated FSPL RSSI and Mean of Collected RSSI
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Figure 5. Comparison of Calculated RSSI and Measured RSSI vs Distance
within Indoor Environment

The best fit linear equation is shown in Figure 6. The derived equation can be used to
estimate other distance values based on received signal strength indication. A comparison
between FSPL RSSI and Mean measured values vs Log,o(Distance) is shown in Figure
7. The mean measured values, FSPL values, the differences between measured and FSPL
values, the variances and standard deviations are enumerated in Table 1. Based on the
values listed inTable 1, the average difference between measured values and FSPL values
is 10.99463dB.
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Figure 6. Plot of Average Measured Values of RSSI within an Enclosed
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Figure 7. Comparison of Calculated FSPL RSSI and Actual RSSI vs
Log,o(Distance) within Indoor Environment
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Table 1. The Comparison between the Values of RSSI within an Enclosed
Environment with FSPL Estimations

Distance(m) Mean FSPL Difference Variance Standard
Measured Deviation

1 -22.075 -7.553 14.522 0.013571429 | 0.116496475

2 -25.6625 -13.57 12.0925 0.05125 0.226384628

3 -28.65 -17.1 11.55 0.351428571 | 0.592814112

4 -30.475 -19.59 10.885 0.793571429 | 0.890826262

5 -33.725 -21.53 12.195 0.453571429 | 0.673477118

6 -30.2875 -23.12 71675 0.164107143 | 0.405101398

7 -37.7625 -24.46 13.3025 0.456964286 | 0.675991336

8 -31.8625 -25.62 6.2425 0.414107143 | 0.643511572

4. Derivation of RSSI and Distance Correlation

From the mean values as shown in Figure 6, the best fit linear regression was applied to
produce equation 14. The equation can be used to calculate distances based on the RSSI
guantities acquired in an interior environment. An equation was generated using simple
fitting tool of MATLAB when applied on the linear curve amid the RSSI and
logie(Distance). Related relationship between the RSSI and logo(Distance) is labeled as
Equation 14:

y= —14x—22 (14)

y represents the RSSI and x represents log;o(Distance). From this equation the distance

within indoor environment would be:
y+22

D =104 (15)

5. Conclusion

As a conclusion, the performance evaluation within an enclosed environment was
acquired. From the results obtained, the difference between measured and FSPL values
for indoor environment is 0.99463dB. It can be concluded that the result is not too much
deviated and could be possible to use as approximation algorithm under the ideal
condition for determining the GSM1800 range. A current experiment is in progress in
outdoor environment as well as in clean room environment as an improvement and
validation of the current model.
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