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Abstract 

 

The o je ti e of this p oje t is to eate a  I t odu tio  to io edi al e uip e t  o li e 
course, which includes preventive maintenance of biomedical equipment. 

The main challenges we face today when making an online course are the following:  

On the one hand, the course must be engaging and attractive enough to arouse, maintain and 

increase student interest in it. This is essential, because due to the (thankfully) growing supply of 

MOOC worldwide, applicants are increasingly more demanding with the results and time 

invested. However, one of the strengths of this course is that it is a very specific biomedical 

equipment subject taught in Spanish. This is very limited nowadays. In any case, the effort 

devoted to the objective mentioned above, remains until the end.  

The ultimate challenge is to ensure that students acquire the necessary knowledge and 

understanding of the subject taught. For that reason, a verification of the knowledge acquired 

during the course will be required, such as assessment and test that the students must 

overcome. Since the course is designed as a self-study methodology, it would be possible to 

integrate it into a platform of virtual learning, such as Moodle. Therefore, the administrator 

could get constant feedback and guide participants properly, as well as include specific 

assessments.  

Once the objectives are established, it will be necessary to choose the most appropriate 

methodology and tools, which will be developed in depth throughout this document.. 
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Chapter . Legal Framework for 
Professional Accreditations 

 

The ultimate goal of this course is to be used as training for acquiring professional certificate 
level 2 called "Installation and maintenance of biomedical equipment systems". 
 
To understand how this professional certificate is created, we must go back to the Organic Law 
5/2002, of July 19, of Qualifications and Job Training[1]. That Law, under Article 149.1.30 of the 
Spanish Constitution, attributed the state's exclusive jurisdiction to "regulate the conditions for 
obtaining, issuing and recognition of academic titles […] . Also it sets the o di atio  of a  
integral system of Job Training, qualifications and accreditation, regulating the professional 
training and o ie tatio  a d esta lishi g the ases of hi h ill e the Natio al Catalog of 
P ofessio al Qualifi atio s . 
 

More than a year later it will be published the Royal Decree 1128/2003, of September 5, which 

regulates the National Catalog of Professional Qualifications[2] and determinates it structure and 

content. Also, it establishes the professional families and defines 5 levels of qualifications. The 

ou se i  hi h this p oje t is ased ill e f a ed i  the fa il  Ele t i it  a d Ele t o i s  a d 
i  Le el . 

Parallel, the Law 56/2003, of December 16, of Employment[3], was approved a few months later, 

provides respect to professional certificates:  

- Article 19 Fourth: Content of the services catalog.  

Paragraph 1: Services for the unemployed.  

Paragraph 4: Offer job training activities for the employment, with 

official accreditation through the Directory of Professional Certificates 

when they are tied to the National Catalog of Qualifications. Also 

promoting non-working practices of the training. 
 

- Article 26: Job training for the employment. 

Paragraph 3: The Professional Certificate is the instrument of accreditation of 

the National Catalog of Professional Qualifications, in the field of labor 

Administration. It will be acquired through non-formative processes o through 

the recognition of work experience and non-formal education.  

The Directory of Professional Certificates consisting of all the Professional 

Certificates sorted in professional families and according to levels of qualification 

established at the National Catalog of Qualifications. These certificates have 

official status and are valid throughout the national territory. Also, they will 

allow their correspondence with the job training titles of the educational system. 
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Paragraph 4: The educational offer linked to obtaining Professional Certificates 

will be structured in modules. This will facilitate the combined partial 

accreditation for the recognition of professional qualifications within the 

National System of Qualifications and Job Training. 

Years later the Royal Decree 34/2008, of January 18 was issued, which regulates the professional 

certificates[4]. This paper explores the certificates, defining issues as their effects, structures, 

content, ways of obtaining, teaching and evaluation of the correspondent job training offers. 

Maybe the aspect of major interest of this Royal Decree regarding our project is the definition in 

A ti le  of the o ept T ai i g U it , si e ou  ou se is ased o  a t ai i g u it spe ifi all  
the 0402, which we will discuss later). The Training Unit will be each one of the parts of at least 

30 hours in which training modules are divided, and they will belong to professional certificates 

in more than 90 hours. Also, Point 3 of the previously mentioned Article provides that each 

training unit shall include identification, capabilities, evaluation criteria and content data. 

Finally, the Royal Decree 1214/2009, of July 17[5], is approved. This paper establishes three 

professional certificates of the professional family of electricity and electronic, which are 

included at the National Directory of Professional Certificates. Among them, we found the 

Installation and maintenance of biomedical equipment systems – Le el  e tifi ate. This is the 
certificate that includes the training unit developed in this project. 

I  pa ag aph I, Ide tifi atio  of the p ofessio al e tifi ate  of it A e  III, efe ed to the 
Installation and maintenance of io edi al e uip e t s ste s  e tifi ate, the Ro al De ee 

defines: 

Denomination: Installation and maintenance of biomedical equipment systems. 

Code: ELEQ0108. 

Professional Family: Electricity y Electronic. 

Professional Area: Electronic Devices. 

Professional Qualification Level: 2. 

Professional Qualifications reference: ELE379_2: Installation and maintenance of 

biomedical equipment systems. 

List of competency units that constitute the professional certificate: 

- UC1269_2: Install biomedical equipment systems and related facilities. 

- UC1270_2: Maintain biomedical equipment systems and related facilities. 

General Competence: 

Install and maintain non-implantable medical devices in biomedical equipment systems 

and related facilities under quality, safety and regulations criteria  
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Professional Environment: 

- Professional Sphere: Develops it professional activity in health centers (public 
and private), biomedical equipment services, manufactures, distributors or 
providers of biomedical equipment services and technical support or customer 
service departments; both employed as self-employed. 
 

- Productive Sectors: Located within the 'reparation of electronic and optical 
equipment". Specifically in activities relating to the installation and maintenance 
of non-implantable active medical devices. 

 
- Occupations or jobs related: 

 7622.007.8 Electronic-adjuster medical devices.  
 Installer / repairer of biomedical equipment. 
 Biomedical equipment maintenance technician. 

 
Requirements for professional practice: 

The staff who manipulates material or radioactive equipment must be in possession, 

according with the indicated at the Article 55 of the RD 1836/99, of an operator license 

granted by the Nuclear Safety Council. 

Duration in hours of training associated: 600 hours. 

List of training modules and learning units: 

- TM1269_2: Install biomedical equipment systems and related facilities: 300 

hours 

 UF398: (Transversal) Biomedical equipment for diagnosis and therapy 
(80 hours). 

 UF399: Installation of biomedical equipment systems (80 hours). 
 UF400: Commissioning biomedical equipment systems. (80 hours). 
 UF401: (Transversal) Risk prevention and environmental management at 

biomedical equipment facilities (60 hours). 
 

- TM1270_2: Maintain biomedical equipment systems and related facilities: 320 

hours. 

 UF398: (Transversal) Biomedical equipment for diagnosis and therapy 
(80 hours). 

 UF402: Preventive maintenance of biomedical equipment systems (90 
hours). 

 UF403: Fault diagnosis and corrective maintenance of biomedical 
equipment systems (90 hours). 

 UF401: (Transversal) Risk prevention and environmental management at 
biomedical equipment facilities (60 hours). 

 

- MP0086: Module of non-working professional practices of installation and 

maintenance of biomedical equipment systems (120 hours). 
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Bonding with professional training 

The provided training at the unit UF401 of the training modules TM1269_2 and 

TM1270_2 of this professional certificate, guarantees the level of knowledge required 

for obtaining the authorization for the performance of the functions of risk prevention 

basic level, according to Annex IV of the regulation of prevention services, approved by 

Royal Decree 39/1997, of 17 January. 
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1.1 Training Unit 0402 

 

As to the training unit to which the project relates, the UF0402, the Royal Decree 1214/2009 

provides: 

Capabilities and evaluation criteria:  

C1: Apply preventive maintenance techniques and monitoring different systems of 

biomedical equipment, acting under personal and the materials used safety rules. 

 CE1.1: Select and prepare materials, equipment, tools and documentation 
necessary to perform preventive maintenance and monitoring, depending on 
the equipment to maintain. 

 CE1.2: Describe the procedures for each of the predictive maintenance 
operations to be performed on the equipment and components of a biomedical 
equipment system, depending on the device to maintain and according to the 
maintenance plan. 

 CE1.3: Describe the procedures for each of the preventive maintenance 
operations to be performed on the equipment and components of a biomedical 
equipment system, depending on the device to maintain. 

 CE1.4: Describe conducting operations to be performed in monitoring 
equipment and components of a biomedical equipment system, depending on it 
maintenance. 

 CE1.5: In preventive maintenance of a biomedical equipment system, from the 
technical documentation: 
- Identify elements upon which should be performed preventive maintenance 

operations. 
- Identify the waste management plan. 
- Identify the risk factors, associated risks and measures to be taken. 
- Prepare the work area in accordance with the requirements of the operation 

according to established procedures. 
- Check the general status of supports, fixings, protection, elements, bearings, 

drive chains, insulation, etc. 
- Perform cleaning and checking the absence of deformation in the 

equipment, facilities and medical accessories. 
- Check the connections and continuities of cables, connectors, terminal 

blocks, among others, of electrical and communication facilities. 
- Check the electrical insulation, voltage drop and performance of the security 

and protection elements. 
- Check the condition of the facility infrastructure (wiring, gas outlet, vacuum 

outlet, etc). 
- Check system and equipment parameters and compare obtained measures 

with technical documentation, optimizing the performance with efficiency 
criteria and checking for correct operation. 

- Check and keep in operating state the own equipment and tools used in the 
maintenance.  

- Replace the element or component identified in the maintenance plan, 
carrying out the necessary interventions for such substitution. 

- Perform the necessary test and adjustments following the specifications in 
the equipment documentation. 

- Complete the performance report by collecting interventions performed in 
the format set. 
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C2: Complete documentation used in the maintenance of different biomedical equipment 

systems applying current legislation. 

 CE2.1 Identify and collect the appropriate documents (work order, device book, 
among others) used to document biomedical equipment system maintenance. 

 CE2.2 Describe the techniques and tools of inventory for register equipment and 
accessories as well as its settings and changes.  

 CE2.3 In a practical case of drafting documentation for maintaining a biomedical 
equipment system: 
- Complete adequate documentation regarding the outcome of the tests 

required by regulation, interventions performed, and equipment book, 
among others. 

- Collect and describe the safety and facilities instructions for users. 
 

Content: 

1. Interpretation of technical documentation in the maintenance of biomedical 

equipment systems facilities: 

 Manuals, technical catalogs, instructions and other technical documentation on 
elements, machines, equipment and materials of the biomedical equipment 
systems.  

 Analysis of the various regulations applicable to these activities.  
 Graphs and abacus. 
 Diagrams and plans of biomedical equipment systems facilities. 
 Reports. 

 

2. Maintenance planning: 

 Elements and components that integrate different equipment biomedical 
equipment systems subject to periodic review.  

 Characteristics and equipment parameters. 
 Operating variables. 
 Election of the tools necessary for maintenance of biomedical equipment systems. 

 
3. Measuring instruments and auxiliary items: 

 Properties (sensitivity, accuracy, errors, etc.). 
 Types, magnitudes, signs and statements. 
 Standard procedures for making measurements 
 Suitable points. 
 Measuring parameters. 
 Tests, measurements and adjustment of the parameters of the machines and 

biomedical equipment systems and auxiliary elements. 
 Precautions and safety in measure performance. 
 Standards of care and maintenance of the various measuring instruments. 
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4. Preventive maintenance of biomedical equipment and systems for diagnosis and 

therapy: 

 Typical preventive maintenance operations (cleaning, greasing, lubrication, 
replacement of elements, junctions adjustments, etc.).  

 Commissioning of biomedical equipment systems. 
 Scheduled operations.  
 Quality interventions. 
 Scheduled checkup (adjustments, calibration and replacement of elements) 

in:  
- Equipment and systems for imaging: x-ray equipment, CT, gamma 

cameras, PET, MRI, ultrasound and endoscopy systems. 
- Digital images: Pacs / Ris / His, communication standard (DICOM / HL-7). 
- Laboratory equipment and systems: analyzers and autoanalyzers, 

microscopes, clots, spectrophotometers and blood cell counters. 
- Equipment and systems for monitoring and recording: EKG, holter system, 

multiparameter monitor, telemetry system, CTG or fetal monitor and 
monitoring center. 

- Equipment and systems for functional testing: stress testing system or 
equipment and pulmonary exploration system or equipment. 

- Equipment and systems for radiotherapy: cobalt bomb and linear electron 
accelerator. 

- Equipment and systems for surgical and intensive care area: volume 
ventilator, anesthesia machine, infusion pump, perfusion pump, 
electroscalpels and defibrillator. 

- Equipment and systems for hemodialysis: hemodialysis monitor and 
peritoneal dialysis monitor. 
Equipment and systems for rehabilitation: electrotherapy, ultrasound 
equipment, microwave equipment, infrared equipment and laser 
equipment. 
 

5. Documentation for the maintenance of biomedical equipment systems: 

 Inventory. 
 Device book. 
 Check list. 
 Commissioning Act. 
 Plans, drawings and sketches. 

 

Finally, the Royal Decree 189/2013, of March 15[6] and the Order ESS/1897/2013, of October 

10[7] are approved. They modify and develop respectively the Royal Decree 34/2009, of 

January 18, mentioned above, which regulates the professional certificates and the royal 

decrees that provides the professional certificates dictates in their application. 

In regard to these legislative documents, the most remarkable aspect concerning this project 

is the inclusion of online learning. On the one hand, the Royal Decree 189/2013 amends the 

34/2008, thus including the methodology and defining some of its features in a generic way. 

On the other hand, the Order ESS/1897/2013 develops this aspect, specifying aspects like 

virtual learning centers and training institutes for distance learning mode, the virtual 

platform, its requirements and features, media content, etc. 
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Thus, the course developed by this project is intended to be used by the Polytechnic School 

of Cuenca and by the Spanish Society of Biomedical Equipment and Clinical Engineering as 

part of the training necessary to obtain the professional certificate of Installation and 

Maintenance of Biomedical Equipment Systems (ref. ELEQ0108), using online teaching. 
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Chapter . Training in virtual 
learning 

Faced with the task of creating an online course of biomedical equipment, the first step is to 

acquire training on virtual learning, what possibilities it offers and how is it managed. For this, I 

took a course offered by the platform Coursera[8] called "Foundations of Virtual Instructions"[9] 

and taught by Cindy Carvajal[10], professor at the University of California.  

It explains the steps from conception to implementation of an online course, tips for the course 

to be as efficient as possible, terms and definitions, types of tools available for online learning, 

as well as a review of the history of online learning[11] [12] [13] [14] [15] [16] . 

 

Although this course is designed for virtual education in K-12, which would correspond to the 

primary and secondary education (whose worldwide reference entity is iNACOL[17],  the tools and 

methodology are largely extrapolated to our course. 

 

According to this course, the most important decision to be taken before creating an online 

course is whether this will be synchronous or asynchronous. To do this, we must assess what 

each option entails. 

On the one hand, synchronous teaching requires constant monitoring by the teacher, since 

communication occurs in real time (as it would in a face class). This allows teachers to use 

multimedia material live and adapt the class the student response. To do this, tools to conduct 

this sessions are used. The most commonly used are WebEx, Adobe Connect[18],  Blackboard 

Collaborate[19] or Google Hangouts. Some of the most interesting features of these tools are: 

 Status indicators or emoticons: using this feature, the teacher can check directly the 
attitude of the students regarding the class. 

 Vote: used to make checks and decide the way forward for the class based on the 
answers. Also can be used as quick questions. 

 File sharing: facilitates access to specific documentation that the student must consult. 

 Audio: It is very important for students to involve in the development of classes. For this, 
the teacher can give the floor to a particular student or to several simultaneously. 

 Shared Area: through this area the teacher can share a part of his screen to show a 
powerpoint, a website, a program, etc. 

 Rest areas: are spaces for discussions or small group works. 
Other: webcam, notes on the screen, attendance list, etc. 

 
On the other hand, in asynchronous learning the student has available teaching materials, which 

must study individually. Meanwhile, the teacher will periodically check that the concepts are 

assimilated properly, resolving the doubts that arise or adapting course content basing on the 

results obtained. 
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Thus, the main features of each type of learning would be the following: 

 

Once we value each type of learning, we opt for this course to be asynchronous. This way, the 

course will have more autonomy, may be carried by an unlimited number of students and its 

maintenance will not require a special dedication. Furthermore, a synchronous course would 

require the involvement of a teacher, which is beyond the scope of this project. However, the 

material generated for the virtual course can be further used in synchronous teaching. 

Finally, the course points out aspects relating to virtual learning: 

 A virtual course must be hosted on an LMS (Learning Management System), which will 
be the platform that stores files and provides the framework for communication 
between teacher and student (in the case of our course, the LMS will be Moodle). 

 Both teacher and learner must take the time to learn the technology used. 

 There are more possibilities of interaction between teacher and students than in 
traditional learning. 

 The preparation should be planned carefully, keeping in mind that each student may 
come from a different learning system. 

 Virtual education tends to rely more on text than oral communication. 

 It is necessary to keep student's attention in class through interactions every 3-5 
minutes. 

 All members can (and should) participate in discussions. To do this, we should create an 
online community and encourage participation. 

 Individualized learning. The student is much more autonomous and therefore, 
responsible for what he or she learns. 

 

Since, as noted above, our course is asynchronous, e o ’t e a le to e ploit the full potential 

of virtual education. However, the author has tried to implement the recommendations outlined 

throughout this course. 

 

 

Type of learning Synchronous Asynchronous 

Immediate response Yes No 

Offshoring Yes Yes 

Possibility of review the classes Only in some cases Yes 

Individualized learning No Yes 

Students limit Yes No 

Questions with free response Yes No 

Requires a great dedication from 
the teacher 

Yes No 
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Chapter . SCORM package 

 

SCORM is a collection of standards and specifications that allow creating structured teaching 

objects for web-based e-learning. So, this will be the type of file we must generate to implement 

our course at the LMS. While there are alternatives such as AICC or IMS, its possibilities and 

interoperability are well below SCORM, which is clearly the most widespread format worldwide. 

Within the SCORM packages we find two formats (SCORM 1.2 and SCORM 2004.), so we must 

decide which one we will use. 

To do this, we must refer to the provisions of the Order ESS/1897/2013, of 10 October[7], which 

develops the Royal Decree 34/2008, of 18 January, which regulates professional certificates. In 

Annex II, "Technical requirements for the platform, multimedia content and tutor-trainer for 

professional certificates in distance learning mode student guide", says: 

1: Technical requirements of distance learning platform: 

The learning platform used to impart training actions leading to obtain professional 

certificates must satisfy the following technical requirements: 

- Compatibility with standard SCORM 1.2 and IMS content packages.  

- […] 

So, we will use SCORM 1.2 format. The SCORM 2004 format is more versatile (and complicated), 

but does not provide any significant improvement over the 1.2. 
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Chapter . Authoring Tool 
 

4.1 Study of authoring tools: 

 

The authoring tool is a program or platform that is used to create an online course. Then, 

the authoring tool generates the SCORM package in order to export it to an LMS, which in 

our case is Moodle. To do this, we must decide which is the most appropriate authoring tool 

to develop our course. After gathering information about what offer the different authoring 

tools, the choice comes down to two possibilities: eXeLearing and Udutu.  

4.1.1 eXeLearnign:  

First, when installing this software some incompatibility 
issues with some browsers are presented, but this 
problem is easily remedied. Regarding its interface, it is 
simple and intuitive. However, has certain limitations 
when it comes to customize screens and develop 
assessment tests. Finally, this tool offers multiple export 
formats, being them: SCORM (which is which we need to 
import the course into Moodle), web, IMS, etc. 

 

 

 

                       

 

 

 

 

                                                      

 

 

 

 

 

 

 

 

Figure 1: eXeLearning 
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4.1.2 Udutu:  

 

The first difference of this tool with respect with the one mentioned above is that it 

works from its own website. In this sense, offers the advantage of being able to be 

used from any computer with internet connection, thus having the material of our 

course available at any time (which can be a disadvantage if we are "offline"). The 

assessment tests and interface at first may be somewhat complicated and 

unintuitive.  With a little practice, mastery of these features can be quickly achieved. 

In this sense, the tool offers a much wider variety than eXeLearning, especially 

highlighting the number and potential of available "trees" to create the structure of 

a course. In addition, each user has a library where you can save screens or folders 

for reuse after in another course. 

 

With regard to the export formats of this authoring tool, are limited exclusively to 

SCORM, although as mentioned above, will be the format we use to export our 

course to Moodle. 

 

Another advantage offered by this tool is its compatibility with mobile devices and 

tablets (although certain types of screens or screening tests are not compatible with 

iPad). 

 

Also of particular interest is the possibility that Udutu offers from posting courses on 

Facebook, making it an LMS platform that provides endless possibilities. To do this, 

students and teacher must install on their social network profile the applications 

UdutuLearn and UdutuTeach respectively. However, this functionality is in beta, so it 

still has some shortcomings. 

 

A final noteworthy aspect is the possibility of this tool to import PowerPoint 

presentations. Nevertheless, this will not be relevant to this course, since as we will 

see, we will use another software to create presentations. 
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Figure 2: Udutu 

 

So after these assessments, the decision is to use Udutu as authoring tool to generate the course 
that later will be exported to Moodle. 
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4.2 Training in Udutu. 

 

Once it has been decided that this is the authoring tool that we will use to create the course 

we must learn its performance. To do this, we will study the document "Udutu User 

Guide"[21],  which contain all the information needed to learn to use the tool, as well as all the 

functionalities available. 

 Upon checking in as a user and access Udutu, the first screen we will be as follows. 

 

 

Of the various options presented to us, we must first create a new course, for which we will 

enter a name for it and then press "create new course". 

Next, we are presented various "trees" available to establish an initial structure. So, select 

the one that best suits the course we intend to create and pass to the main screen. 

 

 

  

Figure 3: Udutu home screen 
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Figure 4: legend of the predesigned trees 

Figure 5: predesigned trees (I) 

Figure 6: predesigned trees (II) 
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Once the course is created, the following screen will appear, from which we will work in it edition. 

Figure 7: editing options 



 

  
21 

 

  

 Having selected the main screen, from the section "edit course" we will establish which screen will correspond with "Home" and which with "Resources" 

 

 Figure 8: selectio  of Ho e  a d Resources  scree  
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Also, from this screen we can select if we want our course to be in HTML5 or Flash. In our case, 

we have done in HTML5, as it has a greater compatibility with the latest devices. 

 

 

 

 

 

Figure 9: selection HTML5 or Flash 

 

Next, a type of screen must be selected. The types of screen that are used most often are shown 

in the image below.  

Figure 10: types of screen
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The following image shows the different editing options within each screen. 

 

Figure 11: editing options 
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 With regard to the screens corresponding with assessment tests, we will have the following editing options:  

Figure 12: editing options for assessment tests 
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Once we have completed the course, we must export the SCORM file in order to import it into 

an LMS. For this, we will do the following. 

First, we select the "Distribute" section. 

 

 

Figure 13: distribution of the course 

 

Then, at "Option B", we click on "extract". Then, it will be opened a new window that will allow 

us to download the course. So, we obtain the SCORM file to import it to any LMS. 

 

 

Figure 14: course download 
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Chapter . Training in biomedical 
equipment 

 

Once acquiring basic training regarding virtual teaching and the use of the authoring tool, 

the next step is to acquire the training regarding biomedical equipment, needed to generate 

the content of the course. 

While I already had a basic understanding of this subject after taking courses on "Audiovisual 

Biomedical Equipment" and "Digital Processing of Biomedical Signals", a specialization in the 

particular area the course was intended to cover was needed. 

 

For this, the book recommended by the guardian 

of this project is studied. This ook is the UF402 

– Preventive Maintenance of Biomedical 

E uip e t “ ste s , a d is itte   Raúl 
Alcaraz, César Sánchez and José Luis Huerta. This 

book is about the content of the training unit 

UF402, explained and detailed above. So, this 

will be the main reference document to be used 

to create course content. 

 

Nevertheless, it is also used the supplementary 

material available in the virtual classroom of the 

su je t Audio isual Bio edi al E uip e t . 
These files have many presentations, manuals, 

books, virtual classrooms, etc. that will help to 

acquire the necessary knowledge to impart and 

generate the classes. This supplementary 

material is also included in the course for the 

student, if desired, to expand knowledge about 

biomedical equipment. 
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Chapter . Course structure 

 

The course structure, which will be taken largely on the aforementioned book, is as follows: 

Introduction 

- Block 1: Hospital maintenance: 

 Topic 1.1: General concepts of Block 1. 

 Topic 1.2: Hospital maintenance. 

 Topic 1.3: Types of hospital maintenance. 

 Topic 1.4: Administrative management of the hospital maintenance (I): 
inventary. 

 Topic 1.5: Administrative management of the hospital maintenance (II): 
Financial management, personnel management, operational management, 
monitoring and control, and implementation. 

 Topic 1.6: Inspection and preventive maintenance for generic equipment. 

 Assessment of Block 1 
 

- Bloque 2: Electrical safety: 

 Topic 2.1: Effects of electric current on the human body. 

 Topic 2.2: Standard UNE-EN-IEC-60601-1. Protection against electrical 
hazards. 

 Topic 2.3: Standard UNE-EN-IEC-62353. 

 Topic 2.4: Electrical safety analyzer. 

 Assessment of Block 2 
 

- Bloque 3: Inspection and preventive maintenance procedure for specific 
equipment: 
 

 Topic 3.1: Measuring and analysis equipment: 
o Tema 3.1.1: Electrical safety analyzer. 
o Tema 3.1.2: Patient simulator. 

 

 Topic 3.2: Therapy and diagnostic equipment: 
o Tema 3.2.1: Infusion pumps. 
o Tema 3.2.2: Desfibrilators. 

 

 Assessment of Block 3 
 

- Final assessment. 

It is noteworthy that, although it was initially planned to include a video explaining the 

process of inspection and preventive maintenance of the electrocardiograph (which would 

correspond with the theme 3.2.3), it finally was not possible because such equipment was not 

available. However, in the course files repository is available for viewing a .pdf file where this 

procedure is fully developed. 
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Chapter . Format of the classes 
 

7.1 First version and recording tools:  

 

Initially, it was decided to make the class presentations with Powerpoint software. As 

background for this presentation we have used Wordle portal[20], which allows to create a 

mosaic of words, placed randomly, by entering a text. When generating the mosaic, the 

tool assigns a size to each word based on their repeatability along the entered text, which 

in this case is taken from the book "Preventive Maintenance of Biomedical Equipmen 

Systems". 

 

 

 

 

 

 

After preparing the Powerpoint presentation, we must select which software is going to 

be used to capture a video of the presentation shown on screen and the sound picked up 

by the microphone simultaneously, in order to generate the classes. As in other aspects of 

this project, multiple options are presented. 

While the above course ("Foundations of Virtual Instructions"), recommends Techmith 

Camtasia Studio software, other options are assessed: Sony Vegas, Snag-it and 

Present.me platform. 

 

 Sony Vegas: although this software offers a wide variety 
of possibilities for video editing, the most important 
aspect for our course is the quality of the recording. 
With proper preparation classes will barely require 
further editing. Although the quality offered by this 
software when producing a project is more than 
acceptable, it is slightly lower than what is offered by 
Camtasia Studio. 

 

 

Figure 15: Wordle mosaic 
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 Snag-it: this software, as Camtasia Studio, belongs to 
Techmith house, and has the advantages of being 
simple and versatile. It offers many possibilities to 
combine images and video, has filters to change the 
videos saturation and exposure, etc. However, as in 
the case of Sony Vegas, these are issues that are not particularly relevant to the 
purpose of the project. Similarly, processing and rendering times are very short, 
which is beneficial if you want to save time at the expense of reducing the quality, but 
this is not our case. 
 

 Present.me: this tool (based on a web platform instead of an installable software), 
introduces a novel way to develop presentations combining speaker image captured 
by the webcam with the material to be exposed. Thus, nonverbal language happens 
to have a greater presence and helps communicating more efficiently. However, since 
the course will have a primarily theoretical focus, dedicating a screen space constantly 
to the speaker instead of the material that you want to expose, complicates the 
lasse’s t a ki g. Also, it i eases the o ple it  of the de elop e t of the ou se, 

given that the recordings should be done in one take, and therefore each mistake 
would lead to repeating the class completely instead of the segment in which the 
error is made. So, despite it potentially being an option, Camtasia Studio remains the 
most appropriate. 

 

 

 

 

 

 

 

 

 

 

 

 

 Camtasia Studio 2 for Mac: Finally, the software proposed from the beginning 
appears to be the most suitable for our purpose. First, it allows us to simultaneously 
record the equipment output image and sound, as well as the image and the sound 
received by the webcam and microphone respectively. This is a similar aspect to the 
one Present.me platform offered us, with the difference that in this case we can 
choose what we want to show at all times. It also offers a high rate of frames/second, 
many production and compression options, and a variety of tools for editing more 
than enough to meet our needs. In addition, the audio quality is also significantly 
superior to that of the aforementioned tools. Finally, it is noteworthy that almost all 
forums checked specialized in this type of software recommend this option. 
 

Figure 16: Present.me 
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So, once it was decided to use Camtasia Studio to capture images of each class presentations, 

a recording was made. This recording will be audiovusial at the beginning of the class by way 

of introduction, and for the rest only will be narrated and explained, while the content is 

displayed on the screen. 

  

Figure 17: Camtasia Studio 
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7.2 Problems and solutions 

 

 

 

 

 

 

 

 

 

 

 

Once the first recording is finished, multiple upgradable issues are detected.  

Firstly, the background used, but may result in some way original, makes it difficult to follow 

the class thus contrast with the text of the content of the classes itself as the distraction that 

may involve. 

Another aspect to improve is that by making the recording in one take there are many 

possibilities of making mistakes, and therefore many recordings should be performed to get 

an acceptable version. 

Likewise, the speaker's communicative ability in this recording is not optimal, so it is 

necessary to work on improving tone, silences, rhythm, etc. 

On the other hand, it is detected that the equipment used for video recording, a notebook HP 

Mini 5102 with 1.66GHz processor and 1GB of RAM, does not respond appropriately to the 

needs posed by editing software Camtasia Studio. Also, the camera and microphone have 

neither the resolution nor the suffi ie t ualit  to e o d the ideos of the lass’ 
presentations with an acceptable resolution. 

A first solution to this last problem is the use of Kinect, an accessory for Xbox. Its features are 

a VGA camera with 640x480px resolution at 30FPS, a 3D depth dual camera with 640x480px 

resolution at 30FPS, a depth sensor and a multiarray microphone. 

This device has the appropriate features to record with more than enough quality, but 

nevertheless, the features mentioned above are limited when using it on a computer.  

Figure 18: first version 
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Finally, we opted to purchase a new computer. It will be a MacBook Air with an Intel Core i5 

1.3 GHz processor and 4 GB of RAM. This computer will respond appropriately to the needs 

arising in the implementation of this course to its full completion. 

But nevertheless, the greatest shortcoming of this first version is the limitation of the 

Powerpoint tool. The problem is that it is too static, and therefore does not allow us to 

develop a course attractive enough to capture and maintain student interest at its highest 

level.  

So we opted for the use of Prezi[22], a free tool that offers many more possibilities. Also, Prezi 

has a license for educational institutions accounts, so its features in this case are even more. 

Among others, the advantages provided by this tool are the following: 

 More fluid and organic style than Powerpoint, whose behavior is structured and 
linear. 

 Posibility of accessing the tool web platform from any computer. 
 Reusable templates of all users that share them on the web platform. 
 Flash technology, allowing us to create 

animations and resources. 

Likewise, Prezi gives us the possibility to add a locution 

to each slide, which will be played automatically. 

Therefore, make the recordings in this case is much 

simpler than with Powerpoint. This is because, although 

the possibilities of making mistakes in the narrations are 

the same, by segmenting the task the recordings will be 

performed more easily. Nonetheless, this is one of the 

tasks that require more time and effort throughout the 

development of the course. 

Finally, regarding the recordings is necessary to establish some criteria in order to ensure 

maximum quality and homogeneity. To do this, in addition to the use of the best equipment, 

all audiovisual recordings will be made at the same spot of a room large enough to avoid 

reverberations. Furthermore, the recordings will be made on a plain background, orienting 

the speaker to the window of the room so that natural light falls forwards (for which all 

recordings were made during the day). 

As for the narrations, will be recorded at the same spot, trying to maintain at all times a 

constant intonation and distance from the microphone. Thereby, won't produce significant 

differences between different recordings. 
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7.3 Performing of the classes: Blocks 1 and 2 

 

Having decided the tool to be used for performing presentations, it will be necessary to 

acquire training in the use of Prezi, as it is an unfamiliar environment. Fortunately, within 

the web platform itself are available several tutorials to users made with the software, 

which greatly facilitates migration to the same. Furthermore, Powerpoint presentations can 

be exported to Prezi, but this is an aspect that in our case does not matter, since it would 

limit the possibilities. 

So the next step is to select which template is most appropriate for each of the classes 

listed in point on the course structure. To do this, at first we perform an outline of the class, 

so the arrangement of it content can be clearly visualized. Subsequently, the material is 

added to the class, making the appropriate changes to the template that has been selected 

for its suitability for the proposed scheme. Then, as mentioned above, we will made by 

Camtasia Studio recordings of narrations corresponding to each slide, so as audiovisual 

recordings of the presentation of each class. All these recordings, once added to the 

presentation, will be played automatically on each slide. Finally, using Camtasia Studio 

again, the whole class will be recorded. For this purpose, just must go passing from one to 

another slide at the right time. 

Obtained recordings of each class, we just have to edit them to remove the beginning and 

end. These parts correspond to segments ranging since the instruction to start recording is 

given until Prezi is operational on the first slide of the class, and since the presentation is 

finished until the end recording instruction is given. We must also increase the volume level 

of the video as a whole (as the level obtained with the integrated microphone is not high 

enough). Finally, we must include the logos corresponding to the Polytechnic School of 

Cuenca (EPC) and the Spanish Society of Biomedical Equipment and Clinical Engineering 

(SEEIC), which will be the entities responsible for the management and use of the course. 
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7.4 Performing of the classes: Block 3: 

 

In the case of classes corresponding to Block 3, varies the format of classes, since the aim 

here is to explain in practical terms the inspection and preventive maintenance procedure 

of certain equipment. Such equipment will be patient simulator, electric safety analyzer, 

infusion pump and defibrillator. Teachers Raul Alcaraz and César Sánchez already made the 

explanatory classes of the first three equipment, so it is only necessary to perform the class 

of the defibrillator. To realize this, as in other classes, the first step is to acquire the 

necessary training in the subject to explain. For this, in addition to the corresponding 

section of the book UF0402, a specific document of he material available in the virtual 

classroom of the course "Audiovisual Biomedical Equipment" has been studied. 

Once we have the necessary knowledge, we proceed to the audiovisual recording of the 

process of inspection and preventive maintenance. We will use for this a Canon XA10 

camera, a Velbon PH-656Q tripod and a Sennheiser ew 122-p G3 lapel microphone, 

equipment owned by the Polytechnic School of Cuenca. After making all the necessary takes 

of the whole procedure, we turn back to Camtasia Studio software in order to join each of 

the explanations and tests. For that purpose, we have included an explanatory label with 

white letters on a black background before the start of each explanation or test. Also in the 

takes where a single plane did not provide sufficient information of the aspect that was 

intended to be explained, we used several planes. This way, when mounting the video these 

planes are arranged to be viewed simultaneously, so we facilitate content explained 

comprehension. Equally, in order that the visualization of the video is more pedagogical, has 

made use of other features offered by Camtasia Studio, like zoom in on areas of particular 

interest or the inclusion of labels, arrows and circles; that have made the matter more 

understandable. 

Finally, another difference from the other classes was the fact that this recording, when 

performed with a semi-professional camera and be the longest of them all (31'32''), took up 

too much space in its original resolution as to be included in an online course (1.2 Gb 

approx.). Therefore, at first it was tried to reduce this size as much as possible trying to keep 

a compromise to quality, but it was not able to reduce the size enough without the quality 

being severely compromised. So, finally we decided to upload the video to online video 

platform "Vimeo" and include it in Udutu by embedded code. This issue will be discussed in 

depth later. 
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Chapter . Content of classes 

 

 Class 1: Introduction:  
 

Figure 19: class 1 

 

This first class is intended for the introduction of course. It will consist on the explation of 

each block and its respective topics. Also, the methodology to be used in teaching and 

course evaluation is exposed. 
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 Class 2: Presentation of Block 1 
 

 

Figure 20: class 2 

 

This class is devoted to explain basic concepts relating to hospital maintenance, which will 

help better understand the content explained in subsequent classes. Specifically, the 

performance of medical electrical equipment according to their age will be discussed. Also, it 

defines what is health technology and medical devices as well as the classification of these 

two items. 
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 Class 3: Types of maintenance 
  

 

Figure 21: class 3 

 

In this case, the types of hospital maintenance are discussed: 

- Corrective maintenance: is based on repair the equipment as faults are detected. 
  

- Preventive maintenance: tries to keep the equipment in optimal levels of efficiency 
through scheduling adjustments, inspections, testing, cleaning, lubrication, etc.; to 
prolong life and improve its performance 
 

- Predictive maintenance: this kind of maintenance is based on detecting a fault before 
it happens, using diagnostic tools and non-destructive testing. 
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 Class 4: Administrative management of the hospital maintenance (I): Inventary 
 

 

Figure 22: class 4 

 

This class begins treating administrative management of the hospital maintenance. 

Specifically, this class will be devoted to planning, and at the next will be studied financial 

management, personnel management, operating management, monitoring and control, and 

implementation of the maintenance plan. 

At the beginning of the class, a definition of the administrative management of the hospital 

maintenance is given. Then planning, consisting of 3 parts is addressed: 

- Inventary: in this section the benefits of having an inventory of biomedical 
equipment are indicated. Also, Fennigkoh-Smith method, which values the aim, the 
risks associated with the clinical application and maintenance requirements of each 
biomedical device is exposed. Depending on the outcome, we decide wether to 
include the device in the inventory. 
 

- Methodology: this aspect makes mention of the importance of setting a proper 
maintenance distribution between internal and external suppliers, which will require 
qualified staff. 

 
- Resources: at last, we are going to speak about the management of financial material 

and human resources. The latter is the area in which most will deepen, and in it the 4 
levels established by Ziken Guide are exposed. It also exemplifies how would be the 
distribution of staff in a think of a 100-bed medical center. 
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 Class 5: Administrative management of the hospital maintenance (II): Financial 
management, personnel management, operational management, monitoring and 
control, and implementation. 

            

Figure 23: class 5 

 

This is the second part of the administrative management of hospital maintenance, in which 

will be discussed: 

- Financial management: this aspect treats the cost control (ratio of time and cost 
associated with each device) and budget management (which works in a very similar 
manner to any other). 

- Personnel management: types of training recommended by WHO needed to 
complement the technicians’s are exposed. 

- Operational managemet: the most remarkable thing of this section is the analysis 
method proposed by the University of Vermont to determine the frequency of 
maintenance of each device. This method evaluates the clinical function, the risk to 
the patient, the fault detection probability, incident history and maintenance 
requirements of the manufacturer. Also records and computerized maintenance 
management systems (CMMS) are explained. 

- Monitoring and control: in this case, the measurable parameters when considering 
preventive maintenance procedures are exposed. These parameters will be 
compliance rate, localization of equipment rate, performance and productivity of the 
inspection and preventive maintenance. Likewise, a reference to the parameters to 
be taken into account in the corrective maintenance is made. 

- Implementation: in this last point, factors influencing breakdowns and work reports 
are mentioned. 
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 Class 6: Inspection and preventive maintenance for generic equipment. 
 

 

Figure 24: class 6 

 

In this class, common tasks developed by a biomedical equipment technician level 2 are 

described. These tasks will be: 

- Visual inspection: as might be expected, in this case the technician must visually 
monitor that all system components (cables, connectors, enclosure, control panel, 
display, LED, labeling, etc.) are in perfect condition. 

- Preventive maintenance: here, maintenance tasks like calibration, cleaning, 
lubricating and checking fluid levels and batteries are explained. 

- Operating inspection: this aspect is devoted to the tests that must be performed in 
order to determine the performance and safety characteristics set by the 
manufacturer. 
 

Finally, mention is made to revision sheets, which will contain information of the device 

inspection and maintenance history. 
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 Class 7: effects of electric current on the human body. 
 

 

Figure 25: class 7 

 

This class, which will be the commencement of Block 2 (dedicated to electrical safety in 

biomedical equipment) addresses the effects of electric current. On the one hand, the factors 

that determine the effects of electric current on the body (trajectory, intensity, duration, 

frequency and density) will be studied, and on the other protection measures against direct 

and indirect contacts. 
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 Class 8: Standard UNE-EN-IEC-60601-1. Protection against electrical hazards. 
 

 

Figure 26: class 8 

 

This class begins by explaining the nomenclature of this standard (which will be the mother) 

and those derived from it (collateral and individuals). Later, terms and definitions that is 

necessary to know in order to understand the content of the rule itself are treated. These 

deffinitions will be biomedical equipment, biomedical equipment system, normal condition 

(NC), single fault condition (SFC), types of insulation, kinds of protection against electric 

shock, accessible and applicable parts, and leakage, contact and auxiliary current. 

And finally, the tests that must be performed are studied. Specifically, the tests are related to 

the resistance of the ground protection, insulation resistance, ground leakage current, 

contact current, patient leakage currents, and patient auxiliary current. 
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 Class 9: Standard UNE-EN-IEC-62353 and electrical safety analyzer. 

 

 

Figure 27: class 9 

 

In this class, which ends Block 2 of the course, we will study standard UNE-EN-IEC-62353. In it 

are developed four aspects, which will be: 

- Purpose, scope and definitions (which will be leakage current of equipment and 
applicable part, commissioning, reference value and responsible organization). 
 

- Requirements: This section indicates when the tests must be made, that will be prior 
to commissioning, after any modification or repair and during recurrent tests. Interval 
of the latter aspect is also defined. 

 
- Testing: the sequence recommended by standard when conducting a test is exposed. 

Furthermore, the tests of protective grounding resistance, leakage current of the 
equipment, leakage current from applicable part, and insulation resistance are 
defined. 

 
- Documentation and evaluation of test results: it must include the Identification of the 

organism and person performing the tests, of the equipment/system and tested 
accessories, tests and measurements made, so as the date, type, results, and 
conclusion of the evaluation. 
 

Finally, electrical safety analyzers are studied and measurements that can perform these 

devices are described.  
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 Class 10: Electrical safety analyzer. 
 

 

Figure 28: class 10 

 

Block 3 begins with this class, in which the use of an electrical safety analyzer for testing the 

electrical safety of an electrocardiograph is explained. 

For this procedure, the 62353 standard is followed, and in it we perform the measures of 

protective ground resistance, leakage currents by the enclosure, leakage current by 

applicable parts, and insulation resistance; between different parts. These parts will be 

network/socket protection, applicable parts/network, applicable/accessible conductive parts 

not connected to network, applicable parts/protective ground, network/ungrounded 

accessible parts, and applicable parts/ungrounded conductive accessible spots. 
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 Class 11: Patient simulator. 
 

 

Figure 29: class 11 

 

In this class is explained the patient simulator operation, serving to generate biological signals 

(EKG, invasive and noninvasive blood pressure, temperature, etc). In addition, it allows 

selecting symptoms presets (normal, hypertension, hypotension, etc.). 

For the demonstration, various heart rates (30, 60 and 90 bpm) are established, so as 

respiratory frequency and blood pressure, which result will be checked out by connecting the 

12-lead of the equipment to an electrocardiograph. 
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 Class 12: Inspection and preventive maintenance procedure of an infusion pump. 
 

 

Figure 30: class 12 

 

As to this class, is dedicated to inspection and preventive maintenance procedure of the 

infusion pump. 

First, parts and operation of the equipment are detailed, after which we go on to describe the 

tests to be performed in order to verify proper operation. 

First, a flow of 60 ml/h and a volume of 10 ml is set. Therefore, after 10 minutes should have 

obtained 10 ml., as occurs in the demonstration. Also, KVO flow accuracy (which is the flow 

the pump delivers once the indicated volume ends) is checked to be 3 ml/h. So, after an hour, 

it is confirmed that have spilled 3 ml. in the millimeter specimen.  

Finally, we verify equipment alarms and that the supply stops with pump off. 
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 Class 13: Inspection and preventive maintenance procedure of a desfibrillator. 
 

 

Figure 31: class 13 

 

This will be the last class of the course, and in it the inspection and preventive maintenance 

protocol of a defibrillator is studied. 

As in the previous case, we start by explaining the principle of operation of the equipment 

and safety measures to be taken into account. After that we describe each of the tests to be 

carried out to verify the proper operation of the defibrillator. 

These tests are: visual inspection, functionality test (alarms, internal energy discharge, 

synchronism function and record), preventive maintenance (cleaning and lubrication) and 

quantitative test (continuity of the paddles, heart rate accuracy, power output, energy 

discharged after 60 sec., energy discharged after 10 discharges, amplitude accuracy and 

recording paper speed). 

 

 



 

 

 

  



 

  
53 

 

  

Chapter . Development of the 
course in Udutu 

After obtaining the videos of all the classes, the next step is to integrate them into an 

authoring tool that allows us to generate the course in a SCORM package and then export 

it to Moodle, which will be the LMS that will host the course. 

In section "Training in Udutu" has been explained what are the possibilities offered by the 

tool and its many uses, explained in the document "Udutu User Guide". 

Thus, within the range of possibilities offered by the tool, we opt for a linear structure, 

since the material to be exposed is contained almost entirely in the videos of the classes 

that have already been created. Thus, the student must attend classes sequentially until 

he or she reaches assessment tests of each block, which the student must pass. 

At first you opt for upload the videos to the authoring tool and assign them to their 

corresponding class, but this raises two problems. On the one hand, Udutu only plays 

videos in flv format, so that if you upload it into another format, the tool itself will 

convert video to flv, with the consequent loss of. So, "MacX Video Converter" software is 

used to convert from one to another format with minimal quality loss, although one can 

see a slight deterioration. However, the next problem was that the last video was 

intended to upload, corresponding to the inspection and preventive maintenance 

procedure of a defibrillator, exceeded the limit set by Udutu, which is 30 minutes. 

Therefore, an alternative to this method had to be found. The solution was as simple as 

uploading videos to Vimeo video platform, and with a basic knowledge of HTML, use the 

embed code which provides the platform and include it in the class through Udutu text 

editor. This method, in addition to solving the latter problem, allowes us to play the video 

with a quality much closer to the original, and even making use of HTML, modify video 

size, its location on the screen, forcing the self-reproduction, etc. Therefore, it was 

decided to do the same in the other classes, thus dumping the option followed until that 

moment, which was uploading the videos in flv format. This also contributed to the 

course file occupy less space. 

Regarding assessment tests, we have multiple options, such as ordering concepts, join 

with arrows, single or multiple test answer, label images, etc. Use of the variety of 

options offered by this aspect of the tool is made, but nevertheless, as the course is 

autonomous, these tests won't serve properly to confirm that the student has acquired 

the necessary skills to pass the course. 
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9.1 File repository and additional material. 
 

Besides the content of the classes have been added to the course file repositories and 

additional material that sill allow the student supplement the training received. These 

resources may be specific to each block or general. 

 Block 1:  
 

 Reports: 
 Top 10 health technology hazards for 2011. 
 EUCOMED report. 
 Certifications, accreditations and qualifications in biomedical 

equipment and clinical engineering. 
 White Paper on R&D in the sector of medical devices. 
 Health Plan Watch: 2010 top 7 Technologies – ECRI. 
 Health devices: 2010 top 10 technology hazards – ECRI. 

 

 Other resources: 
 Introduction to biomedical instrumentation. 
 Introduction to biomedical signals. 
 Situation of medical technology, biomedical equipment and clinical 

engineering in Spain. 
 Organization of a biomedical equipment service. 
 CMMS (WHO). 
 What is io edi al e gi ee i g?  – Online course of Yale 

Universidad. 
 

 Bibliography and additional material: 
 WHO Medical device technical series. Medical equipment 

mantenance programme overview. 
 Tecnologías sanitarias. 
 Ho  to a age  “e ies fo  health a e te h olog . )ike . 
 Health a e te h olog  a age e t . Ope Lea  La “pa e. 
 Spanish Society of Biomedical Equipment and Clinical Engineering 

(SEEIC). 
 Introduction to maintenance program of medical devices . Wo ld 

Health Organisation. 
 Computerized maintenance management system. Series tecnológicas 

WHO technological series. 
 Mantenance assistant. 
 Reliability an maintenance of medical devices. Sharareh Taghipour. 

Pdh-Thesis. University of Toronto, 2011. 
 Fennigkoh, L., Smith, B.J. (1989). Clinical equipment Management. 

JCAHO Plant, Technology, and Safety Management Series, No. 2, 
(Reprinted, 1997). 

 Wang B and Levenson A (2000). Equipment inclusion criteria: a new 
interpretation of JCAHOs medical equipment management standard. 
J Clin Eng 25(1): 26 - 35. 

 J. Tobey Clark, Michael Lane, Leah Rafuse. Medical Equipment Quality 
Assurance: Inspection Pro- gram Development and Procedures. Fluke 
Biomedical Corp., 2008. 
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 Prioritization of medical equipment for maintenance decisions. S 
Taghipour, D Banjevic and AKS Jardine. Journal of the Operational 
Research Society, Vol. 62, Issue 9, pp. 1666-1687, 2011. 

 Block 2: 
 

 Electrical safety 
 Electromagnetic compatibility in biomedical instrumentation. Safety 

against electric shock. 
 Ionizing radiation. 

 

 Block 3: 
 

 Tests flow charts 
 Images of the flowcharts corresponding to tests of class 9 (standard 

UNE 62353). 
 

 Patient simulator 
 Service manual of the ProSim4 patient simulator. 

 

 Electrical safety analyzer 
 Service manual of the Metron electrical safety analizer. 
 Service manual of the Fluke electrical safety analizer. 

 

 Gas flow analyzer 
 Service manual of the Fluke gas flow analizer. 

 

 Electrocardiograph 
 Inspection and preventive maintenance procedure of an 

electrocardiograph (I and II). 
 Manual de servicio de electrocardiógrafo Burdick. 
 EKG and heart: 

- Web book Bioele t o ag etis  
- Heart functioning 
- ¿What is the heart? 
- Comparison of ECG, blood pressure and heart sounds. 

 

 Desfibrillator 
 Inspection and preventive maintenance procedure of a desfibrillator  
 Service manual of the HP Codemaster desfibrillator. 

 

 Infusion pump 
 Inspection and preventive maintenance procedure of an infusion 

pump. 
 

 Respirator 
 Inspection and preventive maintenance procedure of a respirator. 

 

 

 

 



 

 56  

 

 

  

 

 General additional material: 
 

 Biopotentials 
 Origin of biopotentials. 
 Biopotential amplifiers. 
 Electrodes and transducers for biopotential. 
 Biomedical signals process. 

 

 Diagnostic imaging equipment 
 Diagnostic imaging equipment (I y II) 
 Video CT s a . 
 Video MRI . 
 Video Radio u lide I agi g . 
 Video “PECT i agi g te h i ue . 
 Video Ho  a ga a a e a o ks . 
 Video Ult asou d . 

 

 Monitoring and recording systems 
 Monitoring and recording systems (I y II). 
 2D and 3D monitoring and recording systems. 

 

 Biomedical equipment for therapy 
 Biomedical equipment for therapy (I, II, III, IV, V y VI) 
 Biomedical equipment for diagnosis and therapy. Image 

digitalization. 
 Videos working examples: 

- Hemodialysis. 
- Anesthesia machine. 

 

 History of biomedical equipment videos 
 CAT history. 
 X-ray history. 
 Ophthalmometer history. 
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9.2 Assessment tests: 

 

The last point to finish generating the content of the course is assessment tests. 

Once the student gets to the screen that begins the corresponding evaluation test, he will be 

taking questions on until he reaches the final screen. This screen will indicate the student's 

grade obtained over 100. Depending on if equal, higher or lower than 50, displays a message 

indicating that he has passed the test (if it is equal or superior) or has not passed and should 

repeat it (lower). 

 

The types of questions used were: 

  Link concepts with its definition: 

 

 Multiple answer:  

Figure 33: multiple answers 

 

Figure 32: link concepts 
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 Select the right image: 

Figure 34: select the right image 

 

 Order steps: 
 

 

Figure 35: order steps 

 

When obtaining the qualifications, Udutu only allows us to generate the result over total 

course tests. So, to perform evaluation tests of each block, we must separate them into 

separate SCORM packages. The same thing we do with the final assessment test.  
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9.3 Navigating the course.  

 

Once you have all the classes, additional material, and Udutu evaluation tests, the next step is 

to establish how you will navigate through the course.  

At first, Udutu has own navigation buttons, which allow us to move to the next screen, to the 

previous, to the main menu, to the glossary (which in this course has not been used), exit 

from the course or refresh the window. It also has a quick navigation button that allows us to 

access directly to any course screen. However, in some screens it has decided to include 

buttons that make navigation more intuitive and efficient. 

 

 

Figure 36: course main menu 

 

Thus, each block will start in the main menu, from which you can access to classes, to files 

repository of the block itself or to additional course material via buttons (in Block 1, it is also 

included a jump to introduction). Also, since each class will also be available these buttons to 

navigate. 

In the case of the file repositories and of the additional material you will access classes 

through hyperlinks, since the characteristics of the screen used does not allow insert buttons. 

At last, in assessment tests screens are only available navigation buttons of the authoring tool 

itself. 
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Chapter . Exporting to Moodle 
 

Once we have obtained the SCORM packages, we must upload them to Moodle. For this 

course, all tests have been performed from the virtual campus of the Bioengineering 

Innovation Group of UCLM [23].   

At the time of export, we find that in the virtual campus the size of the file is limited to 2 Mb, 

so it shall be increased to its maximum, which will be 500 Mb (enough to host the SCORM 

packages, which are between 200 and 300 Mb). This is a common problem in Moodle, and to 

fix it we need to modify the php.ini file on the server. Specifically, the values of 

post_max_size, upload_max_filesize and max_execution_time, raising them up to 500 Mb.  

 

Figure 37: course home page 

Once uploaded, each enrolled student will have access to each block and it test evaluation. 

The course administrator can set the retry limit (if he wants to) and the score system (highest 

rating or last attempt).  

Figure 38: score section
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Chapter . Platforms and results 
 

In this last section we will check the compatibility of our course with different devices and 

platforms. Here, the different devices used and their behavior are shown. 

 

MacBook Air (2013 ed.) with Mac OS 10.9.3: 

 

 

The behavior of this device, which has been used for creating the course, is perfectly normal 

when running and developing the course. 

 

 

 

Figure 39: MacBook Air 
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HP Pavilion g6 with Windows 7 Home Edition: 

 

 

Figure 40: HP Pavilion g6 

 

As in the previous case, the performance of the course from this device presents no problem. 
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Samsung Galaxy Tab II with Android 4.0 Ice Cream Sandwich. 

 

 

In this case, although the course may be executed entirely, the lack of potency of this device 

causes loading time being longer. However, we can say that the course is compatible with this 

device.  

Figure 41: Samsung Galaxy Tab II 
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iPad Air with iOS 7.1.2 

 

 

Figure 42: iPad Air 

 

This device, which according with Udutu indication is the one that most compatibility issues 

may present, also executed the entire course without incident.  
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Asus Transformer T100TA with Windows 8.1: 

 

 

Figure 43: Asus Transformer T100TA 

 

The implementation of our course on this device does not present any compatibility 

problems.  
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Iphone 4 with iOS 6.2: 

 

 

 

Figure 44: iPhone 4 

 

 

This device is also compatible with our course, because, despite being somewhat slow, allows 

running it completely.  
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ZTE Grand S Flex with Android 4.1.2 Jelly Bean: 

 

 

Again, the device responds smoothly to the execution of the course, so we can consider it 

compatible with it. 

 

  

Figure 45: ZTE Grand S Flex 
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Nokia Lumia 800 with Windows Phone 7: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In the latter device it has not detected any problem when running the course. 

We can say almost certainly, therefore, that the course is compatible with any platform and 

device.

Figure 46: Nokia Lumia 800 
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TITLE II: PLANE“ 
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The last step before generating the SCORM course package and being able to export it to 

Moodle is ordering all screens. The arrangement of each one of the blocks and of the final 

assessment will be as follows 

 

 

Scheme of Block 1 
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Scheme of Block 2 
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Scheme of Block 3 
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Scheme of final assessment



 

 

 

  



 

 

  



 

  
83 

 

  

 

TITLE III: “PECIFICATION 
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Hardware: 
 

 MacBook Air (2013 ed.): 
 

o Screen. 
 13,3 inches. 
 LED-backlit glossy widescreen. 
 1.440x900 píxels. 

o Webcam Facetime HD a 720p. 
o USB 3.0 port. 
o OS X 10.8.4. 
o Processor Intel Core i5 dual-core 1.3 Ghz (Turbo Boost up to 2.6 GHz). 
o 4 GB DDR3 
o 256 GB flash storage. 
o Intel Graphics HD 5000. 
o Wi-Fi 802.11ac. 
o Lithium-polymer integrated battery, 50 w/h (12 hours of navigation) 
o Dimensions: 325x227 mm 
o Weight: 1,35 kg. 
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Additional Technical Equipment: 
 

 Desfibrillator HP Codemaster XL:
 

 

o Dimensions: 20 cm x 30 cm x 39.7 cm.  
o Weight: 10.9 kg. 
o Rechargeable acid battery. 4 Ah 12 V nominal. 
o AC imput: 100 a 230 VAC +/- 15 
o Battery Indicators: Illuminated LED indicates battery is charging. Low battery 

message appears on the monitor. 
o Output power: 2, 3, 5, 7, 10, 20, 30, 50, 70, 100, 150, 200, 300, y 360 joules. 
o Load control: push buttons on paddles and front panel. 
o Charging time: less than 5 seconds to 360 Joules with functional battery 

installed. 
o Complete load indicator: display indicates power available. It also shows full 

charge light on apex paddle, charge tone completed. 
o Input: EKG activity may be viewed through paddles or patient cable. 
o Measurement according to AAMI standards for cardiac monitors. 
o Heart rate deploying: digital readout on the monitor 20 to 80 beats per 

minute. 
o Annotations recording: time, date, heart rate, event markers, EKG mode, and 

selected energy.  
o The recording mode documents events and EKG during defibrillation 

episodes. The recorder can be configured to operate in real time or with a 
delay of 6 seconds. 

o Frequency Response: .5 to 40Hz monitor bandwidth. You can select a 
diagnosis bandwidth of .05-150 Hz.
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Defibrillator Analyzer Metron QA-45: 

 

o Cardioversion and energy measurement. 
o Waveform storage and playback. 
o Peak voltage and current lectures. 
o 12 terminals EKG simulation. 
o Load resistance pacemaker from 50 to 2300 ohms. 
o Accuracy test: pulse amplitude, width and rate. 
o Inmunity test of 50/60 Hz. 
o Large graphic display. 
o Dimensions: 28.0 cm x 24.8 cm x 9.8 cm. 
o Weight: 1.85 kg. 
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 Canon XA10 camcoder 
 

o Canon HD video Lens. 
o Canon CMOS HD Pro sensor. 
o Professional audio. 
o AVCHD video recording in 64GB memory or two SDXC slots. 
o IR recording mode. 
o Total manual control. 
o 8,8 cm LCD screen; EVF of 0,6 cm. 
o Dynamic OIS, Powered IS, Instant AF. 

Recording format AVCHD (variable bit rate in all modes, color sampling 4: 2: 

0). MXP: 1920 x 1080, 24 Mbps. 
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 Sennheiser EW122-p G3 microphone: 
 

o Automatic synchronization transceiver via infrared. 
o Improved frequencies management with up to 12 compatible frequencies per 

bank, with a total of 20 banks available plus a user's bank. 
o 42 MHz bandwidth with up to 1.680 possible frequencies. 
o Illuminated display of matrix spots, easy to read. 
o Battery level indicator 4 steps. 
o More control options (menu). 
o Improved audio response range. 
o Improved audio sensitivity range. 
o "Soundcheck" mode. 
o Integrated equalizer. 
o Recharging contacts of the BA2015 battery, integrated directly in the 

transmitters. 
o Portable receivers with "Diversity" adaptive reception. 
o Handheld microphone capsules easily interchangeable. 
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 Velbon PH-656Q tripod: 
 

o Maximum height: 168cm 
o Maximum height of each leg: 134.8cm 
o Size of the folded tripod: 61.4cm 
o Weight: 1.692kg 
o Maximum load weight: 5kg 
o Recommended load weight: 3kg 
o Width of each leg: 26mm 
o Sections of each leg: 3 
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Software: 
 

 Udutu (free membership): 
 

o Support for multimedia files and PowerPoint. 
o Variety of templates for content exposure and assessment. 
o Includes default navigation buttons as well as the ability to include jumps 

between screens. 
o Variety of themes available. 
o Storage of the courses in the cloud. 
o Ability to export the course into SCORM 1.2 or 2004 format. 
o  Possibility of converting the course to Flash or HTML5.  

 

 

 

 

  



 

  
94 

 

  

 Camtasia Studio 2 for Mac (trial version):  
 

o Ability to edit video and audio of any size. 
o Intuitive operation. 
o Screen motion capture accuracy. 
o Variety of transition effects. 
o Highlighting mouse and image effects. 
o Multiple export options. 
o Excellent image and sound quality. 
o Interoperability with other programs. 
o Useful for e-learning processes because of its ability to record any image 

displayed on screen. 
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 Prezi (educative license Edu E jo : 
 

o Wide range of default templates. 
o Freedom of movement across the canvas (shift, rotation and zoom) 
o The sequence of presentation is displayed in an orderly manner. 
o Ability to insert multimedia files. 
o Jumps between slides are accurate, clean and dynamic. 
o Ability to include locutions in particular slides. 
o Cloud storage or presentation download. 
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TITLE IV: BUDGET 
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This last title is dedicated to establish an estimation of the total cost that would suppose 

replicating this project or making one of the same characteristics. To do this, costs are 

classified into: 

 Hardware costs: includes the cost of the equipment used.  

 Software costs: includes the costs of the programs acquired and used.   

 Project costs: includes the fees and expenses of the engineer.   

 Additional costs for technical equipment: cost of audiovisual equipment.  

 Total cost: is calculated from the subtotal of the previous sections. 

The costs of hardware, software and additional technical material are calculated using the 

following formula: 

                                                         
 

Being each one of the parts of the formula above:                              : number of months of use of the equipment during the 

project. 

Pay off: equipment life. Normally in computer hardware and software is about 5 years, but 

we will also take this estimation for electrical equipment. The other equipment are supposed 

10 years.  

Equipment cost: equipment cost in euros. 
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Hardware  No. months use of equipment Pay off Equipment cost 
  

Hardware cost 

Macbook Air (2013 ed.) 6 60 .  € 
  

,  € 

     
SUBTOTAL ,  € 

       Additional Technical Equipment  No. months use of equipment Pay off Equipment cost 
  

Technical equipment additional cost 

HP Codemaster XL desfibrillator 0,50 60 .  € 
  

,  € 

Metron QA-45 desfibrillator analyzer 0,50 60  € 
  

,  € 

Canon XA10 camcoder 0,50 120 .  € 
  

,  € 

Sennheiser EW122-p G3 microphone 0,50 120  € 
  

,  € 

Velbon PH-656Q tripod 0,50 120 ,  € 
  

,  € 

     
SUBTOTAL ,  € 

       Software  No. months use of equipment Pay off Equipment cost 
  

Software cost 

Udutu (free membership) 3 60  € 
  

,  € 

Camtasia Studio 2 for Mac (trial version) 5 60  € 
  

,  € 

Prezi (educative license "Edu Enjoy") 4 60  € 
  

,  € 

     
SUBTOTAL ,  € 

       Project Hours dedicated Cost/hour   
  

Fees cost 

Fees 300  €   
  

9. ,  € 

Projecto Cost 
    

Visa cost 

COITT visa  € 
    

,  € 

     
SUBTOTAL 9. ,  € 

       
     

SUBTOTAL without VAT 9. ,  € 

     
VAT (21%) 1.93 ,  € 

     
TOTAL 11.14 ,  € 
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