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Abstract: We proposed in this paper a free communication system for restoring a communal living and a minimum
autonomy of operating in remote areas of developing countries. This system also intends to restore the return to local values, to
strengthen the links between the populations, and to facilitate communication during epidemic or arm robber’s attacks in
remote localities of developing countries; it also helps in a follow up of old people. Commercial Off-The-Shelf (COTS)
components are used for global system nodes design. A covered area of 260m is reached and can be extended with dedicated

additional antenna.
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1. Introduction

The advent of telecommunications and multimedia in
developing countries has facilitated the means of
communication between populations, but has also seriously
undermined the living together between the populations and
especially in village localities. Among telecommunications
and multimedia consequences, we can also mention the loss
of power of traditional authorities, the strongest belief in
external information than local, exchanges and local sharing
increasingly limited.

All these failings call for a stronger presence of the central
government which is struggling to take matters into its own
hands. People are then manipulated and that is leading to a
hatred towards the others, sometimes going as far as killings
and massacres [1-4]. Basically, mutual knowledge of the
populations that was before a warranty of their security needs
to be re-established. Other types of emergencies like
epidemic diseases being observed in most of developing
countries need also to be addressed. Although there exist toll-
free numbers for alerting the concerned service in case of
such incidences, such numbers are usually jammed and
inefficient, or there will be no means to either localize or

reach the victim site. There is a need to facilitate, in case of
epidemic disasters like Ebola in RDC or epidemics of cholera
often occurring in developing countries, the contaminated
houses to easily inform and ban the others from visiting them
[5]-

We proposed in this paper a free communication system
based on COTS components which can help to restore
communal life and a certain autonomy of functioning in
remote areas of developing countries; the proposed system is
also intended to strengthen the links and to restore the return
to local values among the populations of those isolated
localities of the developing countries.

As far as a global security is concerned, classical
surveillance systems which don’t even exist in such remote
areas are generally based on video recording of the scene
that occurred in the area of interest. Nevertheless, there are
some limitations associated with video surveillance in
situations of obscured vision (for example a foggy weather);
it’s difficult to deploy video cameras in areas where
accessibility is limited or restricted [6]. Audio surveillance
on the counter part is adequate for cloudy weather scenarios
since it requires just the acoustic information conveyed by
sound waves. Sound sensors can capture audio information
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that may be difficult or impossible to obtained by any other
means; and finally, wireless acoustic node can be installed
and easily displaced in any position thereby increasing the
monitoring area [7].

This research work includes a design and implementation
of a wake-up system to create awareness of a locality under
observation through audio information in the area of interest.
The modulation scheme adopted for the audio signal is phase
locked loop and a wake-up unit is implemented by a
microcontroller of microchip.

The first section of this work gives a review of local
communication techniques and security in remote areas of
developing countries, with their advantages and drawbacks.
The second section lays out the various methods used to
cover the full functionalities of the system; these include the
hardware and software interfaces as well as the used
algorithms. The third section reveals the implementation,
tests and results obtained from this system. The last section
discusses the weaknesses and strengths of the system as well
as the work that can be done to improve upon the system
functionalities.

2. Review of Local Communication and
Security Techniques in Remote Areas
of Developing Countries

2.1. Local Communication

The use of technology to communicate is all over the
world in today’s society, including remote areas of
developing countries where it has banned people from their
traditional means, and so almost stopping the population
from former community life. Emergent technologies have
given rise to several communication tools employed by
people to pass an information. This include, mobile and fixed
phones, tablets, internet, radio and television sets and many
more others.

2.1.1. Use of Mobile Phones

Mobile phones are being used in different sectors as a
channel to convey information. Most common and public
information in developing countries are conveyed through
mobile telephone companies and less and less from
individuals because of limited communal life. For instance,
through text messaging, public information such as
vaccination campaigns for infectious diseases use to be
disseminated by communication companies [8]. Otherwise
for information like epidemic threat from local sources,
individual mobile phones are a poor mean to contact the
entire local population because of communication credit
and none availability of all contact numbers. In all, the use
of mobile phones has the overall effect of spoiling the
former communal living where the population was sharing
same information and orders from the same source. To sum
up, individuals in remote areas use phones on daily basis to
keep in touch mainly with abroad relatives losing the
communal living and trust to local neighbouring and

authorities.

2.1.2. Use of Internet

Nowadays, social media serves as the one of the main
channels through which external information reach people in
remote areas. This is made possible thanks to internet. The
internet has bridged the geographical gap between people due
to the rate and ease at which information circulates over the
internet [8]. Internet services such as emails, WhatsApp,
VOIP, video calls and other multimedia services facilitate the
way by which people are addressed [9]. But limitations of
such communication mean in villages include lack of internet
credit, need of android phones and limited use ability of
majority of the population.

2.1.3. Use of Radio and Television

Radio broadcasting was the first solution adopted to
address the general public [10]. Today, radio sets permit the
reception of information broadcasted from the various radio
stations. In Cameroon, government officials use the national
radio station to address the population. Also, radio stations
serve as a platform to pass a communique, to advertise
products, to pass announcements and sensitize the public on
health, education and social aspects. Amongst limitations of
such means we can highlight very low holding of radio and
TV sets in village localities, poor listening of radio and TV
information and no electricity or very poor electrocortical
network coverage in developing countries.

2.2. Security

In general, security systems are based on traditional means
such as fence, dogs and self-defence groups. The use of dogs
and fences are mainly for individuals; defence groups are
usually set by the community and only operate by night. The
limitations of such means are really much, giving that self-
defence group members had not received any training for
such tasks; they also usually take advantage to solve personal
issues like what just happened recently in some of African
countries where the all population of entire villages was
slaughtered [1].

3. Block Diagram, Methodology and
Design

The basic design procedure adopted in this work consists
of COTS components analysis, test and characterization for
Audio communication system.

3.1. Node, Global Block Diagram and Description

3.1.1. Node Description

Figure 1 is a block diagram of a global node. We used a
digital PLL to modulate the audio signal into a square wave
carrier signal. The RF Transmitter takes care of the second
modulation and transmission of the PLL digital signal by RF
propagation through the antenna. For the receiving end, the
RF Receiver picks up the RF transmitted signal, extracts a
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modulated PLL square wave signal which is then

demodulated so as to recover the information.

PLL based
FM Modulator
| PLL based
FM Demodulator

Figure 1. Block diagram of a global node System.
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3.1.2. Hllustration of an Implementation in a Remote Area

As illustrated in Figure 2, the proposed system provides an
audio network of a monitoring area. The communication
links represent the transfer and reception of audio
information. In addition to houses, samples of RF wake-up
nodes can also be installed to monitor some suspicious
locations of the village.
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Figure 2. Illustration of an implementation for security and communication
in a local area.

3.2. Methodology and Circuits Design

The proposed circuits are shown on Figure 3. The Wake-up
RF node system consists of two parts; PLL 4046 IC based
audio modulation and TX/RX transceiver. The
microcontroller-based wake-up aspect is optional and
deserved for the monitoring of sensitive areas for security
purpose; this can also help in a follow up of old people.
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Figure 3. Wake-up RF Node circuits.

The RF transceiver (XD-FST and XD-RF) module is used
for RF transmission at 433MHz [11]. Its communication
range varies from 75 metres (in-building) to 260 metres (on
open ground) and can be prolonged by the use of additional
antenna.

The LM386 based amplifier is used to amplify the audio
signal at the receiver end [12].

3.3. Mathematical Considerations

Thanks to the use of PLL 4046 IC datasheet, parameters
such as frequency offset, carrier frequency and free running
frequency have been determined so as to perform FM
modulator and demodulator functions [13].

3.3.1. Mathematical Considerations for PLL Based
Modulator
A. Offset frequency of the VCO.
For the integrated circuit PLL CDA4046, the offset
frequency is determined by the value of capacitor C2 and

resistor R2 (pin 12 of PLL 4046 IC); that can be expressed by
(1) [13-15].
foffsct :l/chz (1)

The PLL integrated circuit used in this application is the
CD4046B, which consumes only 600uW of power at 10 kHz,
a reduction in power consumption of 160 times when
compared to the 100mW required by similar monolithic
bipolar PLLs [13]. We then chose an offset frequency of
10kHz so as to minimize a power consumption of the PLL
circuit at zero input signal and also during the standby status.

Considering therefore f,z,, =10kHz | we will need for
instance R.=100k andC.=1nF .

B. Output frequency of the VCO.

The output frequency f, o of the VCO is a function of the
input control voltage vc, external resistor R1 (pin 11 of PLL
IC 4046) and capacitor C, as indicated by (2) [13-15].

fVCO (vc) = 0.16V0/R1C2 (2)
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C. Center frequency of the VCO.
The VCO generates a center frequency f.

center €Xpressed
by (3), when its input control voltage is biased at half of the

supply voltage Voo [13-15].

Soonter = Jrco (% VDD) =0.08Vop/ RC, 3)

Considering a supply possibility of nodes with existing
batteries of 9V (i.e. Vpp=9V ) , Ri=10k and C,=1nF,
»f;‘t’)llt?/” = 72kHZ N

D.Free running frequency of the VCO.

The free running frequency f, is the frequency generated
by the VCO in the free running state. Modulations and
demodulations are basically done around that free running
frequency of the VCO which stands then as a carrier signal of
the PLL system; it can be expressed by (4) [13, 14].

]2 = ]pcenter + ]poﬁ”set (4)

Considering the f

center ANd foﬁwse, discussed earlier, a
carrier signal of 82kHz will modulate the audio signal from
the sensor.

E. Maximum VCO frequency.

The VCO generates a maximum frequency f,  when its

max

control voltage is equal to the supply voltage Vpp [13, 14].
Considering equation (2) and a supply source of 9V, the
maximum VCO frequency can be given by (5).

fmax = f‘l’cn (Vun) = 144kHZ (5)

3.3.2. Mathematical Considerations for PLL Based
Demodulator
To demodulate the PLL based FM signal, amongst
considerations such as capture range and cut-off frequency of
the PLL loop filter, the carrier frequencies of both modulator
and demodulator should be the same. We used the same R,

Roand C , values for both PLL based FM demodulator and

modulator so that the carrier frequencies remain the same.

PLL loop filter and capture range

One of the key considerations when designing a PLL
demodulator system is the loop filter, that is a low pass filter
(LPF) filtering the output signal of the phase comparator
(PC). The purpose of the LPF is to pass the desired relatively
low-frequency portions (audio signal) of the control voltage
and attenuate its high frequency components. The LPF
components are connected externally as shown on Figure 3-
(b) (Rg and C; of pin 2) [13, 16].

The capture range and cut-off frequency of the loop filter
must be determined to effectively demodulate the audio
signal. The loop filter should be designed with a relatively
large capture range (CR) so as to enable a fast PLL response
time and anticipate variations of the FM signal. In order to
achieve that, the time constant of the filter should be made
sufficiently small by choosing the appropriate capacitor C;
and resistor R values.

We designed the loop filter with an indicated time constant
T of 0.01ms [13, 15]. That yields to R, =10k and C, =1nF .
Considering the given formula of the datasheet [16], the

capture frequency fmp of the loop filter is given by (6).

ﬁa]}ziLVZIfL/r (6)

2n

Here 7 is the time constant of the LPF and f, the PLL

lock frequency. That lock frequency is half of the linear zone
of the VCO.

fmax = Jmin = ZfL (7)

Considering ﬁztﬁet to be the minimum frequency and a

maximum given by (5), the capture frequency can be given
by (8).

oy = £16.33kHz @®)

The Capture Range (CR) of the loop filter can therefore be
given by (9) [13, 15].

Jo e <J <Jo* Jeap ©9)

That is 65.67kHz < f <98.33kHz .

Cutt-off frequency

Another design parameter to be considered is the cut-off
frequency of the LPF expressed by (10) [13, 15].

Jouw-op =Y2RC (10)

For an optimum use of PLL linearity, the frequency lock-
range should match the linear range of the VCO; also, the
cut-off frequency of the LPF should match with the lock
frequency of the PLL system [13].

That is:

fmax = Jmin = 2J(‘L = 2f;m—q’f (11)

A numerical calculation yields:

fsrop = 67.00kHz

4. Results and Discussions

This section exposes the implementation results of the
system so as to assert its validity. Considering that TX/RX
modules can only transmit digital information, the use of
digital PLL for the FM modulation is to format the audio
signal so as to meet that requirement [11].

4.1. Characterization of the VCO

The characterization of the VCO is performed to determine
the practical linear region and frequency sensitivity gain

(kycp) of the VCO.
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The input control voltage of VCO is varied and the
corresponding output frequency is recorded. The plotted
graph representing the transfer function of the VCO is
presented on Figure 4. As per the graph, the linear zone is
from 17.93KHz to 156KHz for a control voltage from 1V to
9V. That gives an average frequency sensitivity gain of
17.26kHz 1V .
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Figure 4. VCO practical transfer characteristics.
4.2. Prototype

Figure 5 presents two identical RF node prototypes and an
illustration of their use in a single way communication; an
optimum electronic mask (eventually double layer) for all in
one single board and a control board will be considered for a
final prototype; the experimental sensitivity radius is about
2.3m for the audio sensor and about 3m for the wake-up
sensor unit.

......
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O 00~ 8 1550000« CHENENET RS

Figure 5. Wake-up transceiver node prototypes and functioning illustration
in one-way transmission.

4.3. Coverage Range

The proposed system was tested both in indoor and
outdoor environments. From the outdoor tests performed, a
transmission distance of 260m was covered with a 9V battery
supply. Dedicated antennas can be afforded to optimize the
communication range.

4.4. Energy Consumption Measurement Results

conducted using the same RF
transceiver modules, an investigation on their energy
consumption was made. A simple point-to-point
communication platform using two RF communication nodes
was set up in order to make realistic assumptions about the
energy fingerprint of the radio transmission part [17].
Random data was conveyed between the two RF modules
while measuring the energy consumption of the radio front-
ends. The measurements had been done by using a
Keysight’s DSO9064A oscilloscope and an example of such
measurements is given in Figure 6[17].

In previous works

. O <IN

.....

Figure 6. Emitted and received baseband waveforms [17].

The measured instantaneous power consumption at the
receiver side was 250mW and is independent on the variation

of the received signal parameters. On the contrary, the power
consumption at the emitter side depends on the transmitted
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signal’s state. An average DC power consumption of about
250 mW was measured while transmitting; that average
power consumption level decreased to 6uW during the
standby periods [17].

5. Conclusion

This paper has provided another way of utilizing the rich
Commercial Off-The-Shelf components and devices for
promoting the communal living and follow up of old people
in local areas of developing countries. This system can be
applicable in other scenarios like security, tracking and alert,
education and prevention from dissemination of an epidemic
attacks.

Limitations of the system like coverage radius (300m
maximum) can be made up with the use of adequately
designed antenna.

Amongst particularities of this system we have aspects like
no communication cost, low energy consumption and
standalone or battery supply source which means cannot be
cut off because of electricity shortage usually faced in
developing countries. Let’s highlight that the free
communication aspect is fundamental in developing
countries where the living conditions do not enable most of
the population to have in many circumstances a
communication credit to alert. Also, in developing countries,
national security hardly finds sits ways because of poor or
inexistent street localization.
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