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Abstract This article presents the analysis and design of a wireless remote controller for performing the
engagement manoeuvres and trip circuit breakers and disconnecting switches located in different substations of the
National Society of Railway of Congo (SNCC). With the remote controller without son, SNCC avoid its expenses
until then to send technicians in the different sub-stations for controlling circuit breakers and disconnecting switches
on site. It will save time of execution of the manoeuvre of closing and tripping; and will quickly provide service in
transport by rail for freight and travellers.
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1. Introduction
The availability of electric power is important for the
development of an economy and for a good quality of life.
In the coming decade, studies show that the electric
consumption will to increase. The most important condition
for a reliable supply system is a good functioning
transmission system. Scientific literature proposes several
researches, problems and solutions using the wireless
system in the management of equipment [1,2,3]. Habib
and Khaled proposed a novel home energy management
system using wireless communication technologies for
carbon emission reduction within a smart grid [4]. Wireless
powering and communication for implants, based on a
Royer oscillator with radio and near-field links was proposed
in [5]. Han at al. presented the remote-controllable
and energy-saving room architecture based on ZigBee
communication [6]. The authors in [7] proposed a wireless
power outlet system for smart homes. Design and
implementation of control mechanism for standby power
reduction was presented in [8]. Sunghoi et al. presented
the design and implementation of smart energy management
system for reducing power consumption using ZigBee
wireless communication module. Authors in [9] presented
an optimal energy-balanced cooperative transmission
based relay selection and power control in energy
harvesting wireless sensor network.

In the context of scientific research as the result of this
study is inscribed, the goal is to identify and analyse the
different scientific issues and technological challenges
related to the implementation of a system of remote
control of mobile manipulators via a wireless network
[10,11]. Electric locomotives SNCC are powered by the
catenary line; it is supplied with electric current by the
substations in which we find as main elements, the
HV/MV transformers, circuit breakers and disconnecting
switches. In order to ensure continuity of services in transport
by rail for freight and passengers, SNCC had implanted
within its facilities electromechanical remote controller for
switching and remote tripping of circuit breakers and
disconnecting switches located in its 11 substations.
Copper conductors connected relays at control office (OC)
of the electromechanical relay to remote Likasi located in
11 substations of SNCC; representing each relay circuit
breakers and disconnecting switches located in the
substations, a switching on operation or trigger an
equipment located in any sub-stations was effected by
operating a key on the relay that represents the OC.
A visual signalling OC allowed to see the actual state of
the equipment in the various substations. But, following
the theft and repeated destruction by the thunders of
copper son that connect the relay located in the substations
to those located in OC. Likasi, electromechanical remote
is not currently in service.
This article aims not only restarting the remote control,
but also to ensure that the problem with the repeated theft
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of copper wires connecting the substations in OC no
longer arises. Our main contribution is the use of mobile
phones to send and receive remote control signals from
the circuit breakers and disconnecting switches placed in
different substations of SNCC. The rest of this paper is
organized as follows: In section 2 the materials and
methods used for this study system are explained. Section
3 gives a detailed results and an overview of a wireless
remote control. Finally, the conclusion of the work is
summarized in section 4.

2. Material and Method
2.1. Material
To realize the model of the without wires remote

controller, we used as components: a 220V/12V transformer,
a diode rectifier, a filter capacitor, two cell phones, two
photo-couplers, two relays, two incandescent lamps, a
source AC voltage 220V and electronic measuring devices.

2.2. Method
To collect different information about the electromechanical
remote, we made visits to OC electromechanical remote
SNCC, a visit was organized to the Shituru substation and
we the remote control was analysed by GSM. We
interviewed staff OC., observed how agents SNCC
proceed to engage them in case of break breakers. To
design of the wireless remote control, we proceed by the
experimental method. On the model of our experiment, we
have two lights on and off in parallel from a cell phone.
The scheme that was used is shown in Figure 1.

Figure 1. Design of Wireless Remote

Figure 2. Wireless Remote with lights off
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Figure 3. Wireless Remote with lights on

In Figure 2, we can see the image of the driverless remote
control when the lights are off. In Figure 3, we see the
same pattern with the lights on. The black box on which
the two phones are placed contain mounting the electronic
diagram of Figure 1. One of the telephones contains the
SIM (Subscriber Identification Module) card with the number
that switch on lights, the other contains the telephone SIM
card with the number that switch off the lights.
The manoeuvre of closing and tripping is performed as
follows: when issuing a call to the cut number, and the
recovery, the phone receiver receives the signal and sends
it to the speaker. On mounting the signal goes the speaker
is directed to the photo coupler; this, in turn, leads without
galvanic contact and feeds the corresponding electromagnetic
relay by 12V DC voltage. The switching relay opens or
closes its contact to act on the coil of the double contact
relay; both contacts of the trip relay commute together and
oppose the engagement relay simple contact. To turn on
the lights, it makes a call to the switching number; the
contact of the engagement relay rises, both contacts of the
trip relay by opposing the latching relay descended, both
lamps in parallel light as their circuit is closed. To turn off
the lights, we call the trigger number; both contacts of the
trip relay go up, contact the engagement relay goes down,

the lights of the circuit opens, the lights go out.

3. Results
As in the substations SNCC there is a 48V DC supply
from storage batteries, there are relay interlocking and
tripping. The assembly of the experiment is simplified for
substations suitable for SNCC. There is shown in Figure 4.

3.1 Discussion
a. The Cellphone
To perform remote control driverless, mobile phone is a
major asset. Because it allows remote communication
without physical supports; in this communication there is
a transport of low power and at the reception, the signal
received by the antenna undergoes a first band filtering
and amplification undergoes controlled amplification to
arrive at the correct level to extract the audio signal
[12-18]. The signal that should control the speaker is sent
to the photo coupler, via the latter, the relays are energized
and can close or open contacts, thus controlling breakers
and disconnecting switches.

Figure 4. Wireless Remote for sous-station de la SNCC
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b. Photo-coupler
The photo-couplers or opto-couplers are components
integrated in the same housing an infrared emitting diode
and a photo detector (photo transistor, for example). These
two elements are optically coupled, but are electrically
isolated [19,20]. A photo-coupler (or opto-coupler) is
an electronic component capable of transmitting a
signal of an electric circuit to another, without galvanic
contact between them [21,22]. The photo-coupler is called
opto-coupler or opto-isolator.

Figure 5. Symbol of an opto-coupler

where: 1-2: A light emitting diode (LED) [13]; 3-4:
Phototransistor. The phototransistor behaves as a switch
(between the collector and the emitter) controlled by the
LED.
-Transistor Blocked (switch open): The transistor is
blocked if the current I F is zero if: IC = 0 A therefore

VF < 0.6V . The phototransistor is equivalent to:

Figure 6. Switch open

-Transistor saturated (switch closed): the transistor is
saturated if:

IF ≥

IC max
, then VCEsat ≈ 0.4V .
CTRmin

(1)

Figure 7. Switch closed

Nombre de
déclenchement

To ensure saturation of the phototransistor, taking into
account the inaccuracy of the components (real and not

theoretical values), we calculate the saturation current
with a coefficient of supersaturation. Therefore:

IF ≥ K

IC max
CTRmin

where: K is the oversaturation coefficient, generally
chosen equal to 2 (as a minimum value).
c. Overview of the Wireless Remote Control
The system proposed in this article works with any
phone, that has a speaker; this is why we can put up with
less than 20,000 Fc (≈22$). In the remote wireless control
using the mobile phone, the coverage of GSM network
operator’s replace the copper conductors; the signals of
the receiver’s phones and photo couplers located in the
sub-stations replace OC. of the electromechanical remote
control relay. Photo couplers play exactly the same role as
the relays located at OC, the electrical signal that feeds the
speaker phone is sent to the photo couplers, they will
control the relay interlocking and relay tripping circuit
breakers and disconnectors located in the substations.
GSM communications require a subscription contract
with an operator. The operator provided a SIM card which
contains information on the chosen subscription and
whose depends the billing and a PIN (Personal
Identification Number) code to unlock [23]. The area of
use of the phone must be covered by the network of GSM
operators, in the opposite case the wireless remote control
is no longer possible [24,25]. The number of subscribers is
supported by an antenna of a cellular phone operator is
limited, beyond this number there is congestion, no calls
cannot go through and the wireless remote will no longer
works; this is why the phones used must have three SIM
cards because it is rare that three operators are out services
simultaneously, otherwise the wireless remote control will
not be operational.
Since a speaker of a cell phone receives an electrical
signal when it receives any call or message, the risk of
switching on/off can occurs. This system allows the caller
is actually in the right to activate or deactivate. Only
people who knows the numbers to call and have recorded
their own phone numbers, can activate or deactivate the
system. The configuration of phones receptors in terms of
call screening, also gives great security by letting the
numbers of persons to perform the engagement maneuver
and tripping, and blocking other issues whatever their
natures. In a substation, the maximum number of
equipment to be controlled is 20.
The number of tripping is growing as illustrated in the
graph of release statistics from January to June 2015 below:
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Figure 8. Statistics of tripping operations in all substations SNCC from January to June 2015
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As shown in Figure 8 of OC. SNCC pulled
specifications triggers statistics, the number of tripping
SNEL is upward because the power demand is growing.
The outbreak of the catenary line may be due to
overloading, short circuit, a thunder; it can also be
voluntary in the case of works on the catenary, and in
cases of traffic heavy loads hauled by the CMG and TFM
diesel locomotive to avoid contact with the overhead line.
In Figure 8, there are triggers in all substations of
SNCC. The outbreak of the HT / SNEL line only lasts a
few minutes, at most a few hours and is done on a part of
the catenary, technicians SNCC are not involved; but
when it comes triggers the catenary line technicians SNCC
go into substations to perform switching manually.
The growing development of mobile telecommunications
makes integrate in applications as diversified than useful
and current, home automation, industrial applications for
remote monitoring and manipulation of complex systems
but also in security systems, defense and to protect
property and persons [26,27,28,29]. At present the
signaling clippings is done by cell phone using the
network of local GSM operators: Airtel, Vodacom,
Africell, Tigo or Orange. The Heads of station in charge
of traffic, call by cell phone in Likasi town to report any
interruption whatever its origin. The difficulty is found at
the level remote control. For substations located near the
town of Likasi, this is more or less easy, because
technicians can easily reach the substation referred, and
engagement can occur in less than one hour; but, for
remote substations intervention can take several hours
even some days; which constitutes a significant loss for
the company and for its customers.
Mobile phones are discharged progressively and when
they are working. If mobile phones in the substations are
discharged the wireless Control will not be possible.
Therefore, telephones used must have greater autonomy
and station managers will begin to power the phones in
time and hours scheduled to avoid disabling the wireless
remote.

handling of electrical and mechanical equipment is a
promising avenue to explore for modern surveillance
systems and security or also Automation. Our product
range on using a mobile phone to initiate and trigger
remotely and without physical media breakers and
disconnectors located in the substations of SNCC, so to
avoid loss of time when moving agents into the
substations to perform the same operation on site. With
the remote control without son, in case of a tripping, the
traffic disruption will last only the time will train stations
chiefs to report the outage.
Using an ordinary mobile phone for remote control can
be applied in all situations where you can avoid
unnecessary movement for switching on and for triggering,
for stopping and starting, for ignition and extinction
electronics, electrical and electromechanical remotely and
without physical presence.
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