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Abstract. The ability to estimate distance between people has been an important
aspect in contact tracing especially in this Covid-19 pandemic. This is because,
distance is one of the crucial element in determining whether a person is a close
contact or not. In this context, Centers for Disease Control (CDC) and Prevention
has provided a guideline to be followed, which is the distance of no more than
6-feet (~2 m) to be accepted as close contact. With regards to that, many of the
solutions in existence are adopting Received Signal Strength Indicator (RSSI) in
Bluetooth Low Energy’s (BLE) connected mode to determine distance. However,
the mainstream approach has two main setbacks and they are: (1) Unreliable real-
life implementations and (2) Ability to cater for limited number of users which
makes it unscalable. Thus, in providing some closure, our study proposed using
low calibrated Transmission Power, Tx, in BLE advertisingmode for indoor scene,
to effectively conduct distance estimation for the pandemic. Results obtained have
shown that our proposed solution has a maximum error of 0.3209m in distance
estimation within the distance of 2 m. Contributions of this study is two-fold:
(1) It provides a novel approach in estimating distance using BLE’s RSSI in
the advertising mode utilising low calibrated Tx and (2) The proposed solution
eliminates limited number of users that makes it scalable.
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1 Introduction

COVID-19 is a highly infectious virus that has become a pandemic in a short period
of time. It had emerged back in 2019 and has severely affected many health systems
worldwide [1]. The pandemic effects not just the people’s health but many aspects of
human life as well, including manufacturing, businesses, tourism and many more [2].
With that being said, contact tracing becomes a crucial measure to manage and break
the chains of spread for the pandemic [3]. Contact tracing in general, is the activity to
identify the close contacts with an infected person. While for close contact, it means a
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Fig. 1. (a) RSSI fully detected; (b) RSSI not fully detected

person who had a face-to-face contact within a stipulated distance with a positive patient
[4]. In this context, CDC has lay down guideline to be followed for the distance in order
to be considered as one.

Even though the guidelines is not fixed as there are many variants of COVID-19
virus, it provide general rules to be followed. The guideline is the distance of no more
than 6-feet (~2 m) from one another and duration of no less than 15-min period [5]. With
the conditions set, distance estimation becomes an important aspect and it is mainly
obtained using RSSI in Bluetooth-based contact tracing solutions [6]. However, many
studies have shown that using RSSI in distance estimation is unreliable [7]. On the other
hand, Tx in the BLE can calibrated to suit a condition’ needs. Using this insight, our
proposed solution utilises low calibrated Tx in BLE to conduct distance estimation. The
theory behind it is that usage of low Tx will make the RSSI to be small as the signal
produced is weak. While so, Tx is calibrated so that after the distance of 2 m, the signal
cannot be fully captured anymore.

This is because, themaximumRRSI sensitivity for the BLE chipset has been reached
at that distance. While so, BLE chipset is set in advertising mode that requires no
handshake between the devices. Thus, it is able to be utilised for a large group of users
making it scalable. In return, the approach makes the distance estimation to be more
reliable and accurate as: (1) Maximum distance has been set making it less prone to
surrounding errors, (2) Physical obstacles will not have much of an affect as the distance
is small. Figure 1 shows the proposed method used. Contribution from this study will be
a novel approach on distance estimation using low calibrated Tx in BLE emphasising
on COVID-19 pandemic. The approach also can be utilised for other similar outbreaks
in existence or to come. While so, implication will be better pandemic management if
the approach can be adopted in the contact tracing solutions.

2 Method

In this study, inputs from two nRF52832 System on chip (SoC) powered by 5V lithium-
ion battery were taken in order to determine the RSSI readings at various distances in
line-of-sight (LOS). Two devices were used as it will ensure that if any variations occur,
they will be detected. The specifications of the BLE chipset with a central processing
unit (CPU) of 64 MHz Arm Cortex-M4 with flash memory of 256kb along with a
128KB random access memory (RAM) and armed with a maximum Tx of 4dBm. These
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Fig. 2. Experiment Set Up

Fig. 3. Sample of Captured Data

specifications make the BLE chipset more than satisfactory to be used in this experiment
to test the low calibrated Tx approach. Tx in this study was set at -8 dBm in which, it
is the best suited value for the scenario as the RSSI is reaching towards -96 dBm at
the distance of 2 m which is the maximum sensitivity for nRF52832. The study was
conducted with 100 observations in initial stage so that the data could be considered
adequate and reliable. The equipment that used to capture the data from the generated
data packets by the two devices was an iPhone XS with an iOS15.1 operating system.
These data were then transformed and tabulated into Excel Sheets. Captured data has
four main information and they are: (1)MediumAccess Control Address (Mac address),
(2) RSSI value, (3) Date and (4) Time.

It should be noted that, the experiment was administered in a controlled environment
where no other network connectivity (mobile phone was kept in aeroplane mode) nor
interference were present. Furthermore, during the experiment both sender and receiver
were in a direct angle and elevated to 0.5m as to imitate actual wearing of wearables on
the wrist. Figure 2 illustrates the experiment set up and Fig. 3 shows sample of captured
data from Excel sheet.

2.1 RSSI Reference Value

This initial part of experimentation is to determine average reference RSSI value, RSSIr,
at a point in which, is set at 1m for Bluetooth applications [8]. Furthermore, it was also
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Table 1. Results for RSSI Measurement for Three Different Distances using Two Devices Under
Line-Of-Sight Condition

Device
Number, n

Condition Distance, m Observations Max Value,
RSSImax

Min Value,
RSSImin

Average
Value,
RSSIavg

1 No obstacle
– Line of
sight

0 100 -39 -33 -35

2 -37 -32 -35

1 1 -78 -66 -71

2 -75 -70 -72

1 2 -90 -77 -83

2 -86 -78 -82

set this way as to monitor the maximum limit of RSSI value at the distance of 2m for
the selected transmitted power. The average reading taken at a distance of 1m is chosen
as the RSSIr, this is as currently there have been no material on factory calibrated RSSI
reference point for the hardware used in this experiment. Table 1 shows the result from
the initial part of the experiment. From the results in Table 1, it shows that at a distance
of 0m, the average RSSI reading are at -35dBm for both devices. This was also the case
detected for the other two distances as well, though there was a slight deviation of value
for the distance of 1m. However, it does not translate to unreliability of the data collected
as it was not a significant deviation as the difference was only -1dBm.While so, average
maximum RSSI value of -83 dBm and -82 dBm were obtained from both devices at the
distance of 2 m in which, the initial will be the maximum value to be used for distance
estimation.

Any value that is greater than that will suggest that another user is in the distance of
more than 2 m. Thus, in estimating distance between two devices, -72 dBm will be used
as the constant RSSIr. It should be noted that the value will not change even though there
maybe errors or inconsistencies that may arise further in the development. This is as, it is
a constant used in determining distance for the sensors and specifications that have been
used. As such, what matters is not the value at 1m, but instead that the observed values
should be closing on to the maximum RSSI value of -96 dBm for nRF50832 chipset at
the distance of 2 m. Tx was specified to -8 dBm in this experiment as it was detected that
the RSSI is closing to its maximum sensitivity for nRF5083 at 2 m even though it has
not reached yet fully. The observed RSSI at 2m, which is RSSIavg,max, is at -83 dBm and
the difference for the maximum sensitivity is to offset the instability that is associated
with RSSI especially from physical obstructions.

2.2 Distance Estimation Formula

This study has used Eq. (1) to calculate distance estimation following the study admin-
istered by [9]. RSSIr is the reference distance at 1m and RSSIi is the RSSI value at the
distance i. Equation (1) was used in this study though there were a few other equations
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that can be chosen as it was examined to be the best fit option for the approach used
in this study. This is because, as Tx was set to low and calibrated, elements such as
signal propagation loss or paths loss model will not be relevant. Furthermore, the value
of RSSIr has already been acquired, thus the only thing that matters now is to discover
the value of n, which is the environmental factor constant with range of 2 - 4. The value
n is also known as attenuation factor.

The constant factor is set that value 4 is considered to have the highest in strength
while on the other hand value 2 is considered to have the weakest in strength.If a solution
is meant to be used in an outdoor-mode, value of close to 2 can be utilised. While for
indoor-type of environment, value range from 3 to 4 are commonly used.

Distance = 10
RSSIi−RSSIr

10n (1)

For this study, n with the value of 3.5 was chosen due to several reasons. The first, is
that because the study will be in an indoor-type environment in which the space will be
enclosed by walls. The second reason is that by using low Tx, it creates strong signal
attenuation which will make the value to be high. Thus, there will be strong attenuation
associated with it. The BLE chipset of nRF52832 only has maximum sensitivity of -96
dBm inwhich, it will be reaching themaximum value when users go little bit further than
2 m. Thus, it will require a strong n-value to compensate it in the distance calculation.
Therefore, after taking all these factors into consideration, n value of 3.5 will be chosen
for this study as it fulfils the requirements needed and matches the average maximum
RSSI, RSSIavg,max to be set at 2m.

3 Results

With the experimentation has been set and variables in distance estimation formula
obtained, Table 2 show the results from the distance estimation experimentation.

In general, n with values 3.5 shows that it has been able to calculate distance in
quite effective manner with solution’s biggest potential distance estimation error under
optimum condition is to be at 0.3209mwith an average error of 0.111m. Not just that, the
result also shows that the obtained value can be lesser than the actual distance. However,
the difference is small that it will not have much of an effect. Therefore, as a conclusion,
the value n= 3.5 is proven to be a good value in estimating distance. Not just that, using
the low calibrated Tx approach gives on par estimation with other BLE based contact
tracing solutions for distance estimation. For example, [9] using multiple Bluetooth
beacons is getting proximity error of 0.27m in distance of 3m. [10] on the other hand,
uses 19 beacons in a 600m2 environment and able to achieve error of 2.6m. While so, it
can be set that after the distance of 2 m or the value of more than -83dBm, the distance
estimation is no longer accurate as the RSSI is too small reaching the maximum.



Distance Estimation Using Low Calibrated Tx 73

Table 2. Results of Calculated Distance using Distance Estimation Formula

Device
Number, n

Condition Actual
Distance
Distance,
da

Observations Average
RSSI,
RSSIavg

Calculated
Distance, dc

Difference,
dc - da

1 No obstacle
– Line of
sight

0 100 -35 0.087m 0.087m

2

1 0.3 -49 0.220m 0.02m

2

1 0.5 -68 0.7686m 0.2686m

2 -69 0.8209m 0.3209m

1 1 -72 1m 0

2

1 1.5 -77 1.3895m -0.1105m

2 -80 1.6927m 0.1927m

1 1.8 -79 1.5848m -0.2152m

2 -80 1.6927m -0.1073m

1 2 -83 2.062m 0.062m

2

Average 0.111m

1 2.3 -84 2.202m -0.098m

2 -85 2.3520 0.052m

4 Conclusion

From the study conducted, it has been proven that the approach is good and accurate
in estimating distance especially for COVID-19 pandemic. While so, it can also be
used to for similar future pandemics to come by adjusting the Tx to suit the condition’
needs. Apart from that, there are always rooms for improvements such as more distance
testing and addition of more conditions in making it more solid. Nevertheless, this novel
approach has the potential to be the next main stream distance estimation method for
contact tracing and other applications as it eliminates the current setbacks in the status
quo solutions. The main setbacks will be that it will be hard to implemented on mobile-
based BLE solutions as differentt devices has different requirements to receive and send
the advertising packets.
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