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Abstract—The current possibilities for accessing and using CMMS software remotely are essentially
through the use of the Internet. This is a major challenge in areas not served by the global network; this
is the case in developing countries where only large towns are covered.

The purpose of this article is to propose an alternative solution, which uses SMS. After a review of
the literature, on the possibilities of using SMSs and existing remote access solutions for CMMS tools, a
proposal for using short messages as a solution for the remote use of CMMS software is presented and
implemented, as part of the maintenance of medical equipment in two medical structures in Cameroon
and Gabon.

The results obtained show that the GSM-SMS technology can be used in a relevant and effective way
in a context of managing the maintenance of medical equipment to provide mobility and remote control
of CMMS software.

Maintenance, CMMS, SMS, Internet, Remote Control
I. INTRODUCTION

In a context of development research, African countries must put a lot of effort into achieving their
emergence goals. Among the challenges imposed on them, they have the obligation to succeed with very limited
financial means. In such a context, it is important that the populations, first vital forces of these states, be in
excellent health. This good state of health requires good maintenance of medical devices.

Today, no medical facility can be effective without a well-equipped and operational technical platform.
Indeed, the first global forum on medical devices in 2012 was an opportunity to remind and specially to raise
awareness of the key role played by medical devices in the prevention, diagnosis and treatment of diseases and
in the rehabilitation [1]. This directly involves the maintenance of the medical equipment that compose it and
more precisely the effective management of this maintenance. Nowadays, the issue of computer-assisted
maintenance management tools no longer arises in terms of necessity, but rather in terms of efficiency that
depends on the end-user [2]. Most of the time, the CMMS software is a web application, hosted on the
company's server or on a remote server, whose access is only possible via the Internet. In both cases, users need
to install in front of a workstation connected to the corporate network or the internet. This drastically reduces the
mobility of maintenance agents. In this article we propose a solution to give more freedom to the personnel in
charge of managing maintenance in a medical structure.

The plan of this article is articulated as follows. After this introduction, follows successively the review of
the literature, the methodology, the material used in the test bench, the results and discussions, then the
conclusion.

II. LITERATURE REVIEW

In 2012, the World Health Organization (WHO) issued a series of technical publications entitled "WHO
Technical Series on Medical Devices", as guidance and advice, for park management, maintenance and
maintenance management of medical equipment [1, 3, 4, 5]. This shows the importance of rigorous monitoring
of medical devices. With regard to Yaoundé Central Hospital in Cameroon, the implementation of a CMMS
solution, in partnership with the National Polytechnic School of Yaoundé has been taking shape for some time
[6]. This project suffers from a lack of mobility as it can only work in a local network, and immaturity because it
has not been conducted to a satisfactory level for use.

The main features offered by such a tool are: equipment management, maintenance management (corrective
and preventive), inventory management, security management, purchasing management, key performance
indicators, ... For the moment, working with such a tool, even in the case of a deployment in a computer
network, is only possible if the users are in the presence of a workstation like computer, connected to the
corporate network.
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This poses a problem accessing this work tool when access to the corporate network is not available.
However, because of the very sensitive roles played by the different medical devices, it would be wise to reduce
their downtime to a minimum.

In Cameroon, more than 80% of the country's localities are covered by at least one GSM network since
2015 [7]. This is an opportunity for those who are in the areas covered to use the services of short messages
(SMS), which can be used for purposes other than the usual communication between individuals. In a study
conducted in 2014, Amin and Khan show that, not only is this possible, but also that SMS is well suited to other
types of uses [8].

In the field of health, several cases of use of SMS have been envisaged. Ben Townsend and his team used
mobile technologies and SMS messaging for the transmission of non-critical medical telemetry from medical
sensor data. Their goals were to increase freedom and reduce costs for patients under medical supervision [9]. In
the same vein, Manita Rajput and her team also used SMS for monitoring patients with cardiovascular disease.
Their approach was to implement a system that alerts the treating physician by SMS, when the monitored
parameters reach critical values [10]. In their article [11], Fogg and Allen go further and present ten (10)
possible uses of this technology for overall health improvement. These use cases are summarized in Table I.

TABLE I. Some uses of SMS for overall health improvement [11]

Categories Details
¢ Sending Info to Users - Educating People,
- Notifying People,
- Reminding People,
e Gathering Info from Users - Collecting Data from People,
- Journaling by Individuals,
e User Questions & Expert Response - Getting Answers from a Database,
- Getting Answers from a Person,
e People-to-People Connection - Connecting Individuals,
- Connecting Groups,
e Transactions - Getting things done.

In the agricultural field, Tseng and his team used GSM-SMS technology for monitoring and collecting data
(temperature, humidity, wind speed and number of insects / pests caught, etc.) on farms [12].

These examples, which illustrate some possibilities for using short messages, have in common the fact of
not referring to maintenance management or maintenance management software.

The modern challenges of profitability and efficiency require organizations to go as close as possible to the
source of information in order to facilitate its collection and specially to make it available as soon as possible for
rapid decision-making, for example. This results in the availability of tools and equipment needed in the field
and often far from the office. These needs for collaborative work and information sharing are not new. In 2003,
as part of the European project MOTION, Dustdar and Gall propose a collaborative and mobile work
architecture [13]. In 2006, Arnaiz et al. present the potential of ubiquitous computing in the practice of industrial
maintenance, as well as a vision of solutions for mobile maintenance, both implemented within the framework
of the European project DYNAMITE 017498 [14]. They continue their scientific research in the same direction
in 2009, with a focus on conditional maintenance [15]. Central Arkansas Water has been able to improve the
efficiency of its water distribution and treatment infrastructure maintenance activities, through the use of a
CMMS tool with a geographic information system associated with it, which were deployed on mobile devices in
2009 [16]. In a literature review conducted in 2009, Emmanouilidis et al. find a penetration, albeit at different
but sustained scales, of mobile technologies in asset management and industrial maintenance [17]. Later on, in
2014, Bankosz and Kerins developed a prototype to demonstrate the benefits of deploying mobile technology to
improve maintenance in a small food manufacturing plant [18]. To meet the specific needs of some companies
in charge of maintenance on various sites, where transmission of data in real time is vital, Zhao and Feng have
designed and implemented a CMMS system accessible by mobile devices running on Android [19]. In the
maritime domain, new information technologies have been used to improve the management of maintenance
and monitoring of the parameters of a vessel, to the point that the conditions of the equipment of a ship at sea
are known, in real time by staff left on the ground [20]. Similarly, Munyensanga et al. used an application
deployed on mobile devices running Android, for improved efficiency of preventive maintenance of a
circulation pump intake system [21].

These works have in common the use of the internet as a means of communication between equipments.
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The use of current CMMS software forces their users either to have a good internet connection (this is not
often possible in developing countries), or to work directly on a workstation connected to the local network; this
limits their access to this work tool, during hours of service and service locations only.

Despite the large number of these works on the themes of the use of SMSs in various fields, or the search
for mobility in the management of maintenance, the use of SMS has not yet been tested for the management of
maintenance of medical equipment.

III. METHODOLOGY

To achieve our goals, we adopted an incremental approach, consisting of a progressive implementation of
the functions of CMMS commands by SMSs.

In this work we present the effectiveness of a complete cycle of preventive maintenance. The method is
described according to the diagram of figure 1.
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Fig. 1. Schematic diagram of the experimental system

Figure 1 illustrates the data exchange during a preventive maintenance cycle that we propose to solve the
problem, namely: access and interact with a CMMS software by SMSs. We describe a preventive maintenance
cycle such as the process from scheduling a preventive maintenance plan to the report after the completion of
the corresponding work.

The preventive maintenance cycle is as follows:

a. Information about preventive maintenance plans for medical equipment is stored in the database, from a
workstation. This is path @.

b. As soon as an equipment is put into operation, the current date of the system is continuously compared to
the dates of the maintenance schedule deadlines. At the end of a deadline, the system sends by SMS a
notification to the maintenance manager RM, along paths @ and .

c. The RM maintenance manager assigns a maintenance technician TM to this task via SMS, following
paths @and @ , then @ and @

d. The maintenance technician TM asks the system for the details of the work to be done, along paths @.
and @.

e. The system responds by sending the list of required materials, as well as the procedures for performing
maintenance tasks, along paths @ and @.

f. After completion of the work, the technician makes records that he sends by SMS to the CMMS,
following the paths @ and @.

g. The maintenance manager can then verify that the maintenance has been performed correctly, by querying
the system and knowing the execution status of the task, along the paths @ and ®, then ® and @.

Currently, the operation of a web application installed on a remote server is characterized by a series of
interactions (requests-responses) with users, through web browser installed on workstations and web server
application deployed on server side. In our case, in addition to this usual mode of operation, the system needs to
perform a functional autonomy. Indeed, several actions must be executed spontaneously, and not in response to
a request initiated by a human operator. In this sense, we can mention the update of preventive maintenance
programs, the sending of notifications by SMS when the deadlines are reached, the reading and the processing
of incoming SMSs. This is how our system will be able to perform all the tasks entrusted to it, at any time of the
day. The different components that come into play during this process are shown in Figure 2.
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Fig. 2. The components of automatic operation
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This automatic operation is carried out as follows:

e The sending and receiving of SMSs is supported by the tool gnokii-smsd, which allows to read and send
SMSs, independently and periodically. When connected to a database, incoming messages are put into
one table, while outgoing messages must be put into another table. In either case, each message has a
token indicating whether the message has been sent (for outgoing messages), or whether it has been
processed by the parser, for incoming messages.

e Updating maintenance plans is processed by procedures stored in the MySQL database. At regular
intervals, the periodic installments are compared to the current date. In case of a match, notifications are
"dropped" in the outgoing SMS table, where they are supported by gnokii-smsd.

o The parser reads the incoming SMSs, interprets their contents and executes the actions requested by the
users. The actions processed are the issuance of requests for the details of the maintenance procedures, the
receipt of the maintenance reports, the updating and the issuance of the execution reports of the
maintenance works.

IV. MATERIAL
The system we propose includes a hardware part and a software part.
The material components include:
¢ A laptop (Lenovo Thinkpad T500) running Linux Ubuntu 16.04.
e A laptop (Lenovo Thinkpad W541) running Windows 10 Pro.
¢ A modem (Huawei E220) equipped with a SIM card used to access the GSM network.
e A Samsung Galaxy Tab 4 tablet, running Android 5.0.2.
The software components are:

e HospiMaint, a CMMS software currently being developed with the Laravel 5.5 framework. HospiMaint is
inspired by maintenancedb [22], a former CMMS project abandoned by his author, main concepts of
which have been taken up and improved.

e gnokii-smsd (version 0.6.31): tool that manages the automatic sending and receiving of SMS using a
MySQL database.

e A MySQL database server (version 5.7.19) running on the Ubuntu 16.04 desktop operating system.
e A parser that reads the SMS and executes their contents in the CMMS software.

e A client application, running on mobile devices equipped with the Android system, for sending and
receiving short messages.
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As working tools, we have:
e Android Studio 3.3, for the development of the module running Android.
e Eclipse Oxygen Release (4.7.0), for the development of modules running on PC.
e Laravel 5.5, a PHP framework for developing dynamic web-type applications.
V. RESULTS AND DISCUSSION

In this paper, medical equipment data from the medical analysis laboratory of a Regional Hospital of Gabon
were used to validate our methodology.

As shown in the following screenshots, we have implemented a complete preventive maintenance cycle and
the maintenance manager can check the status of each task. Some apparatuses of a technical platform of the
Regional Hospital are listed in figure 3.

Eq Uipme nts List wistal equipments @ Home  Examples  Blank page
D Name Type Maker Model
1 BC-5800 Auto Hematology Blood Analyzer from Blood Analyzers Mindray BC-5800-2015
Mindray
2 GX-Dx IV - Molecular diagnostic system. Molecular diagnostic system. Cepheid GeneXpert IV
3 Horiba ABX Pentra 400 Clinical Chemistry Clinical Chemistry Analyzer Horiba ABX Pentra
Analyzer 400
4 Mindray - BC-5500 Hematology Analyzer Laboratory Hematology Mindray BC-5500
Analyzer
5 Audicom AC9900 Automatic Electrolyte Analyzer Automatic Electrolyte Audicom Audicom
Analyzer AC9900

5 Equipments

New Equipment

Fig. 3. List of a few medical equipments of a Regional Hospital

Figure 3 shows the equipment selected for this work. They were filled in the CMMS application by a user
using a computer connected to the corporate network. One selected device is shown in figure 4.

V|eW Equmem View equipment data & Home - Examples - Blank page

D 2
Name GX-Dx IV - Molecular diagnostic system
Type Molecular diagnostic sysiem
Maker Cepheid
Mark Cepheid
Model GeneXpert IV

View all equipments

Maintenance Plans < i3
1D Period Title Part Group

1 one Month Cleaning the Instrument Surfaces Body Mechanic

2 one Month Cleaning the Cartridge Bays Cartridge Bays Mechanic

3 one Month Cleaning the Plunger Rods Plunger Rods Mechanic

3 Maintenance Plans

Fig. 4. List of Equipment Maintenance Plans GeneXpert Dx System GX-IV R2Dx
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Figure 4 shows the list of preventive maintenance plans for GeneXpert DX, a medical biology analyzer. As
soon as an equipment is put into operation, the system monitors the deadlines for each maintenance plan, for
each medical device. At the end of a deadline, the system updates the monitoring of the maintenance, adding for
each device, the future actions to be executed.

V|eW Exempla"e View exemplaire data @& Home  Examples = Blank page

View all exempl

D 2
Reference GX-IV R2 Dx 001

Serial Number 1234-5678-9001

Equipment  GeneXpert Dx IV
Model GeneXpert IV
Condition Good
Localisation Laboratoire

Maintenance Logs - X
D Maint. plan title Exec. Status Started at Ended at

1 Cleaning the Instrument Surfaces Waiting

2 Cleaning the Cartridge Bays Waiting

3 Cleaning the Plunger Rods Waiting

3 Maintenance Logs

Fig. 5. GeneXpert Dx System GX-IV R2Dx Equipment Maintenance Tracking

Figure 5 shows the logs of GeneXpert DX maintenance activities. Equipment maintenance plans do not
change as they are provided by the supplier as a recommendation. As shown in this figure, the actions have a
status "Not Performed" when they first appear on this maintenance tracking page. Other pre-existing follow-up
actions may have the status "In Progress" or "Completed" depending on their level of execution.

MLID:L

HMPID:1

EQRFIGH-IV-RA2-Dx—-001
EQNM:GenexXpert Dx System GX-IV A2 Dx
EQLC:Laboratoire

MPCDIGHDN-MP—00L

MPCP:Instrument Surfaces
MPGP:Mechanic

MPMMiCleaning the Instrument Surfaces
MPDSYou should clean the instrument surfaces monthly or more frequently, i€
NECessSary,

MLIDz2

MPLD:2

EaRFiGY-IV-RA2-Dx-001

EQNMiGeneXpert Dx System GH-IW A2 Dx

E@lLC:Laboratoire

MPCDIGADH~-MP-002

MPCP:Cartridge Bays

MPGP:Mechanic

MPNMICleaning the Cartridge Bays

MPDSiYou should clean the cartridge bay monthly or more frequenthy, If necessary,

MLID:Z

HMPID:3

EQRFIGH-IV-RA2-Dx—-001

EQNMiGeneXpert Dx System GX-IV A2 Dx

EQLC:Laboratoire

MPCDIGHDN-MP-003

MPCPIPlunger Pods

MPGP:Mechanic

MpMMiCleaning the Plunger Rods

MPDSYou should clean the plunger rod monthly or more frequently, if necessary,

Fig. 6. Maintenance notification messages to be done
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Figure 6 shows three (3) notifications sent by the system, by SMS, to the maintenance operators. These
messages are issued as soon as a new maintenance action is required. Each notification includes a sequence of
parameters and the corresponding values. The content of the first notification is detailed in Table 2.

TABLE 2. Details of a notification

Parameters | Values Meaning

MLID 1 Maintenance log Id

MPID 1 Maintenance plan Id

EQRF GX-1V-R2-Dx-001 Equipment reference

EQNM GeneXpert Dx System GX-IV-R2-Dx Equipment name

EQLC Laboratory Equipment location

MPCD GXDX-MP-001 Maintenance plan reference

MPCP Instrument surfaces Concerned Equipment component

MPGP Mechanic Component group of the equipment

MPNM Cleaning the instrument surfaces Title of maintenance plan

MPDS You should clean the instrument surfaces monthly | Description of maintenance plan
or more frequently, if necessary.

Table 2 shows the ten lines of a notification. Each line has three columns: the parameter, its value, and the
meaning. For example, line four (4) indicates the name of the device, object of maintenance; while the fifth line
shows its location.

*2CMD*¥MLID:1*¥MPID:1 ¥ ¥MPMR: ¥ ¥ MPPR2?*

Fig. 7. Hardware List Request and Maintenance Procedure

Figure 7 shows the SMS sent by the service technician, to request the materials list (MPMR :?) and details of
the maintenance procedure (MPPR :?) for maintenance plan 1 (MPID: 1) and Entry Number 1 of the
Maintenance Tracking Table (MLID: 1).

MLID:L

MPIDL

MPMP:The materials you need for the procedure are as follows:
» Lo% sodium hypochlorite sclution (prepared within 1 day)

= To% ethanol or isopropyl alcohol solution

» Lint-free wipes

= Disposable gloves

* Eye protection

= Blclogical Risks s
Make sure you wear disposable gloves for the cleaning procedure, Wearing gloves
prevents you from being exposed to biologically hazardous samples,

MLID:L

MPID1

MPPR:To clean the instrument surfaces:

1, Pampen a lint—-free wipe with the 10% sodium hypochlorite solution,

2, Wipe the instrument surfaces thoroughly with a lint—free wipe.

3, Discard the used lint-free wipe according to your standard laboratory procedure,
&, Wait 10 minutes,

5, Dampen a lint-free wipe with the To% ethanol or isSopropyl alcohel selution,

6. Wipe the instrument surfaces with the lint—free wipe,

T, Discard the used lint-free wipe according to your standard laboratory procedure,
2. Pepeat step 5 through step 7.

Fig. 8. Query Hardware List and Maintenance Procedure

Figure 8 shows the messages sent by the system, in response to the request received. Indeed, the two (2) SMS
received by the technician contain, respectively, the list of the material and the procedure to follow for a good
execution of the work.
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*2CMD**MLID:1**MLRQ=RAS* #

Fig. 9. Record of the execution of works

Figure 9 shows the SMS sent by the technician, once the maintenance actions completed, to announce the
effectiveness of the execution of the maintenance. The message contains a report stating that the maintenance
was performed normally (MLRQ = RAS). The maintenance task (MLID: 1) is thus completed and closed, as
shown by the next figures.

Maintenance LOgS List List all Maintenance Logs @ Home - Examples - Blank page
D Eq.ID Equip. Ref. Equip. Loc Maint. plan title Exec. Status Started at Ended at
C] 1 2 GX-1V R2 Dx 001 Laboratoire Cleaning the Instrument Surfaces Completed 2019-01-30 2019-01-30
09:03:42 10:35:52
C] 2 2 GX-1V R2 Dx 001 Laboratoire Cleaning the Cartridge Bays Waiting
C] 3 2 GX-IV R2 Dx 001 Laboratoire Cleaning the Plunger Rods Waiting

3 Maintenance Logs

Fig. 10. Maintenance follow-up after running jobs: MLID task: 1 is "Completed"

Figure 10 shows the entries of the maintenance follow-up table. It shows the start and end dates and times of
a maintenance activity, as well as its new status (Completed).

VieW Maintenance LOg View Maintenance Log data @& Home - Examples - Blankpage

D 1
Equip. 1D 2
Equip. Ref GX-IVR2 Dx 001
Equip. Name  GeneXpert Dx IV
Equip. Model GeneXpert IV
Title  Cleaning the Instrument Surfaces
Emitted at  2019-03-17 23:38:56
Status Completed
Started at  2019-01-30 09:03:42
Ended at  2019-01-30 10:35:52
Remarks Mone

View all Maintenance Log

Figure 11. Detail of a maintenance log (MLID: 1) after completion of the work

Figure 11 shows the details of a maintenance follow-up. In addition to the dates and times of start and end
of the work, and the status, there is also note (RAS), indicating that the execution of the work went perfectly and
there is nothing to report.
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These results show that our solution works. Indeed, we made possible the communication by SMS between
a CMMS software and maintenance staff of a health structure. From the notifications sent by the software, to
signal maintenance work to be carried out, exchanges ensue until the complete execution of a preventive
maintenance activity.

Like our previous work in relation on alert sending [23], the results obtained are encouraging. Although all
use cases have not yet been implemented, the current results look promising.

The main limitations of the system, in the current state, notwithstanding the advances presented above, are
twofold. Firstly, the data transmitted by SMS are mainly textual, however the user manuals of some equipment
include diagram or pictures, related to their maintenance. Secondly the amount of data transmitted by an SMS is
low: it makes use of several SMSs for sending some texts.

VI.CONCLUSION

The literature review has shown that remote access to CMMS software by short messages has never been
experienced. In this paper, we propose a solution for remote management of maintenance by SMSs, in a hospital
context. The experience of implementation of this solution shows that is viable. And the results obtained, at this
stage, pushes us to optimism as to the continuation of the overall project.

As a perspective, it might be possible to overcome the main limitations: SMS transmission of other types of
digital media (images, video, sound). To optimize SMS communication, data compression will be considered in
our future work.
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