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Abstract

This paper presents the development of a ruskir, collaborative virtual reality environment for training
electricians to work on the electric power distribution network. Typically, traditional trainings in this field have
|l ots of ¢ ons Howkadrners ® expeniahce é wide' set of different equipment that is installed in the
network nor bad weather conditions and the different risk analysis that should be performed. With the proposed
virtual reality environment, learners will be able to pi@eseveral realistic conditions without risking themselves.
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. Thereforeit is interesting to notice these pros when using
1 Introduction VR environments in professional trainings that involve risks
to learnersThat is the case with civil constrimt, as the us-
age of Personal Protective Equipment (PPE) and the
knowledge of the safety rules and procedures are essential,
t students and workers in this area are not always aware of
em. As a result, there are high rates of work accidents,
which leadto increased costs and delays in the delivery of

More and more virtual realitfvVR) applications are hitting
the market nowadayand becoming populaAccording to
Meta, since the release of thigicial OculusQuestapp store
on May 2019, more than 120 applications have earned U
1 million in revenue or more, while eighave exceeded US$

20 million (Lang, 2022)In fact, most of the VR apps avail- the constructionvorks(Le, Pedro, & Park, 2015Thus, as a

able on thde OfUItus. Questt gpp store t?rlﬂ &thter plzthorrlr;s Fesource to improve safety training in civil construction, Le

ga;neshan ?.n e: ainment. o_vvevefr,th 0 cla a;nVR g maPal. (2015) proposed a multser virtual platform ased on
achs estimate an expansion of the usage o eyo%%cond Life(Second Life, 2023)The virtual platform pro-

games, in several different areas: educatiorgraative in- posed by Le et al. (2015) was composed of a virtual class-

dijstlry,zgiglthcatre,thretlalI, ar_ld othéY/serdfu£h20|_2| lés’)e”'?'a room to share academic material and discuss accident cases
etal., Hlue to the lowering prices of the Hebibunte and reports, a virtual environment for risk pestion exer-

P'Splzy.sm(gl'\g[)tsh)' I(:Dor :axag?tle, the flrlztbOcl;JISu; 5d9e$meNe cises in realistic scenarios in a collaborative manner among
eased | » the Deulus RiTt, was sold by ) 0W1earners, and another environment in which first learners in-

it is possible to buy its latest device releasedMbtaQuest dividually i . .
o i t th d th h th -
2, by US$399. By 2024, more than 34 million of HMD in- tig’rzsuﬁit% g:f}'gfg € scenario and then share their inspec

stallationsare expected worldwidgAlsop, 2022) Anotherkey factor for the adoption 0¥R in training is

f |c|jn t\f); corporate etducauobn and &ofessmnalttrammg,vhen there is difficulty in simulating critical or emergency
1€1ds, environments can be a PONBIESOUrCe 10 en- o0 yt5 or situations in the real world. Along these liges,

gage_learners_ mcreasmgthe mter_e;t n thet_eachmg and multi-user virtual reality environment to train security agents
learningpractices, making the training sessions more effec-

) g - C(police officers, firefighters, special agents from theidval
tive (Popovii & Marhan, 2008)Additionally, when the real Nuclear Energy Center) to work in major events, such as the

pra(_:tllT ei in the real engllrorr]\ ments mvoBex:tanty ”_Sks’ es-t Olympics and the Football World Cuyas propose(Passos,
]E)e?a y tr:acause qn‘ois\l/ane \uman e:rors anh Fn\lnronmentaha Silva, Mol, & Carvalho, 2017 he major objective of this
actors, the usage o vironments can help 1earmers 10, ironment was tsimulate feasible siations that could

recognize the symptonasd causes aiccidents and risk S't' compromise public safety and explore the actions and re-

) %ponses o$ecurityagents irsomevirtual environmentshat
such risks (Amokrane & Lourdeaux, 2009)Moreover, wereidentical to the real ones (for example, a football sta-

Amokrane and Lourdeaux (2009) highlight that, by enablingiium and its neighborhoodghen securityagents must work

Iea_rners t(.) (_axplordlfferent S|tuat_|ons through_trlal and error in the proposed environments in a coordinated and collabo-
whilst avoiding exposure teeal risks, VR environments of-

; dfecti trat for traini Furth ith VR rative way, communicating and sharing information to iden-
€r an elective stralegy for fraining. Furthermore, wi tify potential risks osuspectsguide the public and, eventu-
environments, learners are able to conduct their own learn

ina. in thei GmeMik los. Chalkudis. Katsisis. & ally, isolate and/or eliminate the risk. The tests carried out
NG, I their own imgMikropoulos, Chalkudis, Katsisis, with the proposedenvironmentsshowed that thesecurity
Kossivaki, 1997)

agents were able ttevelop a sense of collaborative actions.
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In addition, the agents considered that the adoption of tleafety oflearnersandto the physical integrity of the equip-
proposedenvironmentscould enhance the training proce- ment wherthese trainingctivities argerformedon the field
dures. with powered lirs

One of the othesectorthat VR carbe adopted as well is  Given the complexity andigks involved in the electric
in thetrainings ofthe electricpowerdistribution sector. Tra- powerdistribution systemaneffective and efficient training
ditionally, trainingsin this sector in Brazil consists of formal is a key piece to ensure safety, relidpifind quality of ser-
theoretical and practical classes in training centers that gemices. Furthermorewhen these professionals need to work
erally represent parts of the electric pemdistribution net-  on any mairgnance of the distribution network, if they have
work and its components, such as poles, cables, insulatotsgen effectivelytrained, the chances are high that they will
distribution transformerswitches among others. However, adopt good safety practices and use the most appropriate
these trainings are not always able to cover all types of equifrPE andCPEfor each task and, consequently, reducing the
ment that electricians cdacein the distribution nevork. risk of accidentsThus, simuditors for trainingelectricians
Furthermore, the training centers do not represent the rehhve beemlevelopedsince the last two decades as tools to
characteristics of the environment and the conditions of thenhancdearning andincrease theawarsessof best and
distribution network in the field. Ofteand for example, dur- safety practices at work. Some of these simulatorsoaim
ing their daily, work routingelectricians must face streets to visualize isolated electrical installations equipment
with intense vehicle traffic, trees whose branches are tangleghereasothers encourage the uséo interact with equip-
with the cables of the distribution network, consumers whanent and the environmeitself to solve problems. Also,
may not be satig#d with the offered servicelogs beesand  some adopt VR t@rovidea high level of immersion and
other animals that can represent a threat, adverse weathealism.
conditions (windyain and fog, for example), among others.  An example of a simple simulator for the electrical system

Therefore, andhkowing the lack oprofessionatrainings  is STOP (de Castro Silva, Sampaio, Ledo, Barroso, &
that canallow electriciansto face situations and conditions Soares, 2011With STOP, electricians can analyze and in-
similar to wha they find in their daily routinesbut without  teract with singldine diagrams of electrical systems and
exposing them to risks, thistele presents a multiser VR change the configuration of relays, circuit breakers, power
environment that simulates realistic and situations that canransformers, and other equipment. Moreover, it is possible
not be practiced in currentining centersThis VR environ-  to simulate faults in the electrical systems and request learn-
ment has been developed by the Instituto de Pesquisas Elders to identify these faults. One of the drawbacks of STOP
rado and Companhia Paranaense de Energia ECDRs s that, as the learners only interact with 2D diagrams of the
part of the Research and Technological Development Pralectrical gstems, they do not have the experience of inter-
gram for the Electric Energy Sector regulated by the Nationacting with all the equipment present in the systerfisr
Electric Energy Agency (ANEEL) in BrazilThe next sec- example, a learner may not be aware of how to operate a
tions present some relatedbrks, the development dhe  circuit breaker present in the real system.
multi-userVR envirorment, themajor resultsso farand the Another example of a simulator in this area istdal
concluding remarksAlso, it is important to notice that this is Substation(Silva, 2012) which uses 3D models to represent
an extended version of a paper from the same authors alreadyelectrical substation and its equipment. Although it is pos-

published in SBGames 20ZTIanaka, et al., 2021) sible to interact with these 3D models using joysticks and
HMDs, the look and feel of the equipmésnot realistic.
2 Related work A more recent project also to simulate an electrical sub-

station using VR is from Paludo et al. (2017). In this simula-

Currently, COPEL has approximately 1,500 electricians rd2"> all equipment were 3D modelled accordiog real sub-
sponsible for maintainings electric power distribution net- Station in Brazil and apanels, buttons, switches, discoare
work, who carry out mandatory recycling courses every 9
years. For a new electrician, a training course has 40 hm{f,
of theoreticalclassoom activities and 160 hours pifactical

rs and other equipment are interaatabrough motion con-
llers. Additionally thelearneranust selecthe appropriate
E and CPE according to the tasks he/she will perform.
L . ) Moreover a smart band can be used to monitor the stress
activities in the field. In thgoretmal classes, MOpted level of the leamers during the exercises with the simulator
methodology follows théraditional classroomswhich usu- 54 theninstructors carfurther analyze the performance of

ally do not encourage problem solving or interaction betweegg,o learnersthrough geneated reports available on a Web
learnersdue to the larg@mountof lectures.On the other pageq systerPaludo, et al., 2017)

hand, duringhe practical activities, trainees have the oppor-
tunity to visualize and interact witlhe network equipment ;

as well as with Personal Protective Equipment (PPE) an% Material and methods

Collective Protective Equipment (CREJet used tothe  The smulators described in the pieus section provide a
safety procedureand,therefore, experience situations closeysefy| and effective assistance for traingtectricians. How-
to reality and work routine. However, these activities mayyer none of them aims to train elegtins to work in the
not cover all theequiredtopicsfor training qualified profes-  gjectric power distribution networkts equipment and com-
sionals due to restried physical spaces for training and theponents (poles, insutars, cablesgisconnectorsdistribuion

limited access to networkquipment, since there are manyransformers, among othersjoreover, none of themllows
types and ranufacturers. In addition, there aisks to the
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the electriciansto experiencecommon challenges encoun- provided by COPELTo summarize, 122 models were cre-
tered in theé day-to-day work in the field. In addition, none ated. Also, it is worth to notice thavery 4 months th8D
of the simulators is muHiiser or pomotes effective collabo- modelsthat had been createkre reviewed by electricians,
ration among theelectricians to solve problem$herefore  instructors andsafety specialistswho gave valuable feed-
the project described in this article proposes the developmdrack about their visual accuracy and useful hints. For exam-
of a multruser VR environment fothe training of electri- ple, when the truck was first modelled, the reviewers noticed
cians to work inelectric power distribution netwkrfrom that it was too clean, and some dirt on it would make it more
COPEL realistic. Al s o, emergency ligtsc k di
In order tounderstand theeaching and learning demandsWwhich was added to the model later.
ofbothi nstructors and el ectr i cTo@amwe a highl degrdae ioffrealisn anfkalingglimni n s ”
currenttraining and i n the el domar imersiengestures with motionrcantrollefsmnteracting with
multi-userVR environment can assist the trainingastruc-  objects present in the VR environmemg¢re implemented
tured interviews were conducted with electricians, safetywhenever they were feasibleor example, to start the chain-
specialists, instructors and engineers at the beginning of tekew,a user needs to pull the en
project. Through these interviews, the importance of safetyranches of a tree, a user must move the chainsaw to hit the
at work and the proper use of PPE &MEbecame clear. branchesThere are also gesturegsexpancandcollapsethe
Also, the participarg of the interviews highlighted that it hot stick ando open and closgwitches attached to the poles
would be very nice and valuable to have a training that couid the virtual scenariby pulling and pushing them with the
encourage electricians fractice services that, in the field, hot stick from a safe distance.
have a high rate of acciderasd/or cannot bexercised in Astheelectricians always need to perform the services as
the conventionalrainings. In addition to the interviews, the a team, eachne of thenwith a welldefined role (for exam-
authors of this papettendedh complete cable splicing train- ple, in case of a paof electriciansone will be theexecutor
ing to observe how the current traingigke placeand the and the other the supervisor), communication between them
teaching and learning strategies commonly utilized in theproposedvR environment isnandatory Therefore, a
After the interviews antheattendance in #hcable splic-  virtual radio accessible throughbutton from the motion
ing training,a brainstorming meeting occurred with electri-controllers was implemented. Then, lwihat virtual radio,
cians and instructors to define what kind of exercises shoutectricianscan communicate and coordinateeit actions
be included into the proposed VR environment. As a resulluring an exercise just like in reabork situations.The vir-
the electricians and instructorhose aree pruning exercise tual radio makes sense when the electricians are not in the
as the first one to implemenn this exercisgelectricians same room, but, instead, are remotely distributed.
should use a chainsaw and a truck witlekevator bucket to Since the beginning of the developmehthe projectus-
reachthe branches of the tree that areamflict with the ca-  ability evaluations wereppliedto evaluate its main features,
bles of the distribution networlas this was a typical service such ashelocomotion mechanismthe interaction witlges-
with ahigher accident rate compared to others. tures and the provided resource materials (videos, safety and
To prospectiemographicataand assess the opinions of best practicesatumentation) inside the VR environment. At
electricians and instructors about current traisamg expec- first, usability evaluationsvere donethrough user tests.
tations for future training an online questionnaire with open However, due to the new coronavirus pandeanid the cor-
and closed questions was als@légd, the latter using a-7 responding sanitary restrictionsince March 202@he re-
point Likert scale. The questionnaire aimed to understandtisee ar ¢ her s h a shearigtipeVvaluaiah(NiKlsee,| s e n '
perception®f electricians and instructors about current train1994) In short, usabilittests were appléto evaluate loco-
ings (and expectations for future training), asking them tanotion mechanismgestures with thbot stick andwith the
evaluate trainingas theoretical or practl, serious ofun, chainsaw, and the navigation through the resource materials
formal or informal, individual or collective, among others.whereas théeuristic evaluation was adopted to evaluhee
Based on the responsiesm the questionnairand the inter- visualizationof documerd and videa, environment settings
views carried out, it was possible to create personas for tvemdthecommunicaibn between electricians. In tot&ll vol-
representative users for the project: one for anrgteant and  unteers participated in the usability tests and 3 usability ex-
another for an instructor. perts performed the heatic evaluationsThe major results
For the development of the project, tBerum agile of the usabilitytests results were publish€¢@anaka, et al.,
framework was @opted with tweweek sprints. Also, the 2020)
Unity 3D game engin@Jnity, 2023)was used andssocited It is worth noting that all volunteefermally accepted to
with the SteamVR plugifValve Corporation, 2021fp sup- participate in the surveys and usability tests, giving their
port VR. The following VR devices are currently supportecacknowledgenentof aFree Informed ConsentFRn (FICF).
by the projectMetaQuest AMeta, 2020)HTC Vive(HTC, The FICFexplained the objdiwves of the research and tests
2023) and Windows Mked Reality/Lenovo Explorer andthat personalata would be kept confidentidhe identity
(Lenovo, 2022) of the participants would be kept anonymous and that the test
The 3D models to represent bolietcomponents of the results wouldbe used exclusively for the purposes of the pro-
electric powerdistribution network and the urban scenarigject. In addition, thé=ICF reinforced that participation was
werecreatedby a specialize@D modelling teambasedon  voluntary and that participants could withdraw from contin-
photos, videos ahtechnical specificatins from equipment uing the research at any time.
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Finally, in addition to the VR environment, it was imple-tions they would have for future training. In total, 93 volun-
mented a WelbasedManagemen8ystem(WMS) to allow teers answered the questionnaire, of which 76 respondents
instructors to manage trainings and exercises to be done bware electricians
group of electricians and view reports of the execution of ex- Regarding thelemographigrofile of the respodents, it
ercises, especially the f@mmance of the electricians. is interesting to noticéhat the majority of themis over 30

Figure 1 summarizs the architecture to run the whole years old: adding up the age groups, 80.6% of the respond-
project. The el e-end Windowsacam- sent®said they weee 31hyears bld or older, of which 20.4% are
puter, with all the system requirementssupport the usage in the aged 41 to 50 and 9.7% aged 51 or over.
of aHMD andto executehe proposed VR environment. The
instructor’

s PC may be an or. e syemamdaboe; T 1 O @ C
WMS through a Web browser. Theseg r ° s maion r o -
host WMS, manage user authentication, handle exercise ses- R
sions andshae technical dagmentation and videcemong
electricians and instructors. Once an exercise session begins,
one of the electrician’s PCs 183% that s
whereas the other el &dnthe ci at 1t s.
exercise session finishes, data relatethécexercise are sent

from the host to the server so that an instructor can analyze

the exercise reports provided by WMS. Figure 2. Age group ofrespondents.
Theoretical x Practical
D o W Curenttrainings W Futuretrainings
o J 50
Electrician's PC (Client)
40
30
R =
o J —
Electrician's PC (Host) ==
Instructor's PC 10
Server
o
1 - Theoratical 2 3 4 5 6 7 - Practical
{2 H— Figure 3. Vision of electricians and instructors about current and fu-
Electicas PC (Clnt) ture trainings: theoretical x practical

Figure 1. Overall architecture of the project
Formal x Informal
It is important to highlight that the proposed architestur . W cureoivigs W P
relies on nevork communication. Mre specificaly, REST
calls allow the server to communicate with fA€s (both
from electricians and instructors) wherehe hostclient
communication between PG the electriciansis done
through ForggBearded Man Studios, Inc., 2022) Unity 0
3D network library Other important aspect to highlight is
that, although the diagram drigure 1 shows only asingle PR :
host, the architecture support multiple hosts running different  Figure 4. vision of electricians and instructors about current and fu-
exercse sessions, which means that multiple teams can prac- ture trairings: formal x informal
tice exercises at the same tinMoreover, the Es may be
remotely distributed- for example, an electrician may be in Fun x Serious
Curitiba, whereas his/her teammate is in Foz do Iguagu, more
than 500 kilometers awaput they are practicing the same
exercise, each one with his/her HMD and PC connected on
the netwak. Furthermorethe server and the instructor may
even be in other locations.

4 5 6 7 - Informal

4 Results

. . Figure 5. Vision of electricians and instructors about current and fu-
4.1 Questlonnalres ture trainings: fun x serious
Figures2 to 7 show the results of the questionnaire applied
among the electricians and instructors from COPEL to iden-
tify their perceptions of currénrainings and what expecta-
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to the users. And, for other stakeholders, such as the research-

= = ers of the project, the personas were a good way to always

remember key aspects of the end users, so that suggestions of

newfeatures were always discussaettl prioritizechaving in

mind whether or not they would be valuable to these per-

" sonas.
II I. II Table 1.Persona to represent electricians
0 S | [ —
1- Inalvidual 2 3 4 5 6 7- Collective Samue|,e|eCtl’ICIan
Figure 6. Vision of electricians and instructors about current and fu-| Age Marital status | Job
ture tranings: individual x collective 41 Married Field electrician

Major characteristics:
Zealous, important téollow the rules
Always aware at work and with safety

| |
Likesto learn and updatsis skills
Frustrations:
Repetitive training, “mo
2 Lack of practical activities in training
I. II I would like to more activelyarticipatein training
I Biography:
o Since he was ahild, Samuel has always been interes
Figure 7. Vision of electricians and instructors about current and fu-| in electricity and was fascinated when he saw COF
ture trainings: competitive x collaborative trucks in the neighborhodd perform maintenance on tk
distribution networkAt the age oR0, Samuel decideim
take an electrician course and never stopped. After w

PR R ——

1- Competitive 2 3 7- Collaborative

Still, based on the results of the questionnaire, it is intef-

esting to notice thdhe current trair_1ings were considered bal{ ing for a few years in private companies, Samuel was t
anced between theory and practice, but that respondents eX¢" 5 electric powerdistribution network electrician it
pected that, in the future, more practices should occur in the g

trainings, which reinforces the adoption of the proposed VRgamuyel is highly esteeméy his colleaguethanks tchis

environment. Between serious m, the current trainings organization andtention to rules and procedurm_‘fact,

were evaluated as more serious than fun and so it was €x8amuel always wamthem about risk factors at worl
pected that they will continue this way in the future. Addi- Also, Samuel takeadvantage of each trainitmclear up
tionally, the respondents would like that the trainings con-doubts with theénstructors and to learn more and mo
tinue to encourage collective and collaborative woskthay However, Samuethinksthat training is scarcand there

currently are. is oftena shorttime for them, especially for practical a
According to the respondents, the major challenges in thdivities.

current trainings are: “Make a training interesting

“Make a training a reliabl e s ou/apl&2Pesgnatofepeseriastiudory f o r

cians” (33.3%), “Ilncr elecsie MHWS INSHGH gement of both

cians and instructors” (9.7 and MaBalstaluk Jothe resi stance

structors to use new technobogi es Divocgd 6 9%)Instructor

Major characteristics:
4.2 Personas Self-taught

Based on the unstructured interviews and the questionnaire lkes to share everything fearrs

two personas were created for the project, as shown in Tableéommu_nlcapve
1and 2. rustrations:

Electricians not engaged in training
These personas were adopte(_:i S0 that the_ deve]opmu@jname toplandifferent practical activities in training
team coulceasilyunderstand the priorities of the items in the  gport term training

backlog according to the needs of the personas and, thus, he'Eﬂography:

to understand how users will use the proposed VR environwarcos has been a low voltage electrician at COPEL s
ment. Additionally, hese personas reflected a shared vision2005 always actingn a precise, safe and efficient manr
among all the researchers involved in the project about then all calls. Because of his positivity, his energy and
main users of the proposed VR environmg&otbe more spe- | willingness to specialize more and more amchare his
cific, every user story added to the development backlgy | findings with his colleagues, Marcos was invited to
written using these personas to gieethe development team | come an instructor at the end of 2015. Sithem, Marcs

and all stakeholders a cleaew of the importance of the sto- | has been trying to improve hisachinglearningmateri-
ries (and, consequently, of the related functionaliireg als, buthelackstools andesources tengage andncour-
ments to be implemented). Therefore, for the developmengge the active participation of electriciakglditionally,

team, having the personas in the user stories/backimgito | having already gone through a lot of training, Marcos
clarify how the proposed new functionalities would be useful derstandsvhen his groupsf learnersfeel frustrated by

(3

el

€
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the few practical activities actually carried out in trainii  open or close théuse switches, for examplén addition

To counterbalance Marcos coordinates a WhatsA|] each type of activity requires a setspecificPPE andCPE
group with his electrician classes to answer {@shing such as a helmet, safety glasses, face shiehtjngprotec-
questions. tion, protective gloves, insulating gloves, safedynessvith
lanyard, sjnal cones, among otheior example, to prune

a tree ging the chainsaw in the elevator bucket, an electri-
As mentionedbeforg the first exercise defined for the pro- cian need to equip himself/herself with the following PPE:
posed VR environment was a treergng service in an ur-
ban scenarioThus, the implemented scenario realistically
represents a typical street of Brazilian cities, with houses,
buildings, sidewalks, cars, traffic lights, traffic signs and
trees. Amonghe elements of the electric powdstribution
network, 3D models were created for pola®ssheaddow
and medium voltageables, pullestype insulatorsfor low
voltage), pin and anbor-type insulators (botfor medium
voltage) anduse svitches. Additionally, druck witheleva-
tor bucket to access the network equipment and the tre
branches. Moreovetthe electricians' uniforms, PPE, and
CPErequiredto perform activitiesvith safey were modeled
according totheir realworld equivalentsThe dectricians
and safety specialists who had conhtaith the proposed en-
vironment mentioned thatll the 3D modelswere visually
realistic, whichinfactpr ovi des a gr eat
a street withan aerialelectricpowerd i st ri buti o
Figures8 to 11show some screenshots of the implemented
VR environment.

4.3 Development of the VRenvironment

- Helmet
Safety glasses with grey lenses during daylight (or
colorless lenses at night)
Protective gloves

- Face shield

- Hearing protection

- Safety hamess with lanyard

Figure 10. An electrician in the elevator bucket after<ype prune
being watched by an instructor in observer mode.

Figure 8. An electrician and the truck with elevator bucket

Figure 11. Inventory screen to select PPE, CPE and ahaip-
ment.

The actions performed by the electricians in an exercise
must follow a predefined sequence in accordance with man-
uals and procedures of safety work. For example, in the case
of a tree pruning, electricians should perform the following
actions:

1. Identify the tree to be pruned and check if there are
potential risks that may prevent the pruning (for ex-

Figure 9. An electrician with PPE and the chainsaw, ready to prune ample, bees).

atree 2. Fill the Preliminary Risk Assessment (PRA) form,

to identify the possible risks when performing this
task and what actions should bedgako mitigate
these risks.

3. Wear the appropriate PP&s mentioned before

Isolate the working area with signaling cones.

5. While the executor goes up with the elevator bucket
and use the chainsaw to select the region of the tree

To practicethe exercises in thproposed VRenviron-
ment,similar tothe real world, a team composed of two elec-
triciansis required according to the safety rules. Moreover,
each of the @ctricians in a team must hasewelldefined
role: a supervisor, who is on the ground giving suppand
an executor, who, from the elevator bucket, prune a tree or

P
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to prune, the supervisormains close to the truck to To identify what kind of action would be a failure in an

assist the executor. exercise, a penalty system was implemented based on the
6. After finishing the pruning task, collect the signal-Life Protection Program (LPP) from COPELhe LPP is an
ing cones back to the truck. internal initiative conducted by COPED inspect in the

) ) ) field, the correct adoption ¢échnical and safety procedures,
. To prowd-e a wide range of options, the tree_to be pruneguring the execution of the activities electricians in ac-
n thg exercise may require one of the following types ot:ordamce with the standards of the Occupational Healtl
pruning:a ¢t iy p e on the left Orgy Mihé?gen%ﬁt &% D BeEhe MajofgBdl df 3PP 1 -
ment pruning on t he Hoyp eb ri &M & the acAdertt rgltlaseand%éveri@ amoﬁ/g the elec-
the middle of the tree. The.correct type of pruning dependﬁicians. Thus, sometimesLPP inspectorsaaccanpany the
on how the low and medium voltage cables are passinge yicians in the field and fill a forithecklistwith the
through the tree pranches. Thushen accessing the technical and safety failurabey found Also, for each kid
branches, the electrician must select the correct region of the ¢ \re the form has a penalty scerthe more severe the
tree to perform the pruning and use the chainsaw to cut tr}g”ure’ the higher is the penaltydditionally, LPP inspec-

branches in this region. In the gvent of an mcqrrect choice %rs may suggest the electricians to take refresher trainings,
region to be pruned, a record is made in the éseiog for depending on the failures in the field

later analysis by the instructors. After discussions with elé&gcians, instructors and safety

In addition to the tree pruning exercise, some other exers'%ecialists, the LPP form was adopted in the proposed VR

cises have already been implemented: an exercise t0 0PeNQironment tooln other wordsthe list of possible failures

close fuse switches using a hot stick and a tree cut exerci:?ﬁ,the LPP formwas converted as triggers in the proposed

which uses the chainsaw toatpin thiscase, the tree must \,n anvironment which generate penalties foe Electri-

be cut down in a countryside scenario . cians. These penalties in the proposed VR environment are
Figure 12 shows a screenshot of an electrician performimilar to the LPP and have the same scores actTalbje

ing the open fuse switches exercises wheigigsre 13 3 yreents a summarized version of thisnalty score imple-

shows the electricians in the countryside scenario, preparingented in the proposedR/environment and based on LPP.

themselves for the tree cut exercise

Table 3. Peralty scoresased on LPP.

Action Individual/Team Penalty
No supervisor in the team Individual -3
No communication wittDistribu- Team -7
tion Operation CentgfDOC)
Preliminary Risk Assessmen Team -7
(PRA) not performed
PRA incorrectly filled Team -3
Safety belt and lanyard not used Individual -21
Missed helmet Individual -7
Missed safety glasses Individual -7
Figure 12. Electrician opening fuse switches in the elevatoiktic Missed protective gloves Individual -7
Missed isolating gloves Individual -7
Missed PPE (others) Individual -1
Openlclose fuse switches the Team -3
wrong sequence
Remain under suspended load Individual -3
Tasks not performed in pair Individual -1
Working area not properly iso- Team -3
lated

In the field, an electrician who reaches out 21 penalty
points in the LPP form may bemediatelysuspended from

ot her/his activities and a refresher training may be mandatory

Figure 13. Countryside scenario for the tree cut exercise. to return to work in the field. Then, similarly, in the proposed

VR environment,it was decided that reaching 21 penalty
In all exercises, if inappropriate actions are performedpoimS in a single exercise should be considea critical
for example, an electrician opens a fuse switch during a sefgjjyre in the execution of the exercise so that the team shall
vice that only a tree pruning was requiredagequired PPE  start it againAlso, at the end of an exercise, if penalties were

or a CPE was missed during a task, a record is added to thgplied, a dialog shows to the eledaits some hints about
log of the exercise that can be later assessed by an instruct@fa falts

In addition to the record of failures in the exercises, the log aq gn example of how the penalty systevas imple-

of _exercis_es_ also contai_ns information about thee tim®- mented, supposing that two electricians are perforrieg
quired to finish the exercise by the team. open fuse switchesxercise At the beginning of the exer-
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cise, one of the electricians fillse Preliminary Risk Assess- In order tooffer even more realism and variables to the
ment (PRA) form but selects a task to be performed thatexercisesthe proposed/R environment also providedif-
d o e s aveé dny rhlation with the open fuse switch. Thenferenttemporalandweather conditiondn other wordsthe
when opening the fuse switches, the electrician who is thexercises can be performedring the day or at nighin firm
executor opens them in the incorrect order. As a result, thgeather, with light rainheavy rainor fog And those tem-
team will get two faults based on the LPP form (and on thporal and weather conditions may influence the exercises
penalty system of the proped VR environment?RA in-  For example, a tree pruning cba done during the day with
correctly filled (-3 points) and pen/close fuse switches in light rain or fog, but not with heavy rain or at night. Thus, at
the wrong sequenade3 points).As the sum of th@enalty the beginning of an exercise, electricians must evaluate and
points of these faults is lower than 21, the electricians ardecide if the required service can be done based on the
able to proceed with the exercise until theysfinit. How-  weather and temporal conditions. If it can betdone, the
ever, at the end of the exercise, alaj will show a hint to electricians must inform thBistribution OperatiorCenter
pay attention when filing the PRA and to open the fusg¢DOC).
switches in the proper ordefigure 14 shows that dialog Also, some weather conditions may require special PPE
confirming that the exercise was successfully finisaed  when the exercise can be done. For example, in the tree prun-
presenting the hints related to the faults happened during thg exercise with light rain during the day, the raincoat is a
exercise. mandatory PPHf the raincoat is not wore by an electrician,
Supposing another example of two electricians performand according to the LPP form and the penalty system, that
ing a tree pruning exercise, buthen jumping into the ele- electrician will get al penalty point- missed PPE (others).
vator bucket the executor is not wearing the safety belt and One of theidentified difficulties in the usagef the pro-
lanyard. According to the LPP and the penalty system, thigosedvR environment was the communication between the
fault itself generates a 21 points penalty. Then, the exercisgectricans, the DOGnd the Virtual Instructor (IV}- this
immediately interrupts and a dialog shows smalety hints  |ast one acts as an assistant and gives some hints about what
to remember the electricians to use the proper FRfEire  needs to be done in the exercise. To produce the radio voices

15shows an example of that dialog. of electricians, DOC and IVa free texto-speech service
- was adopted. However, there was only one male voice for
Exercicio concluido com sucesso Brazilian Portuguese and that was applied to electricians,

DOC and IV. Therefore, it was a bit difficult to identify who
was talking.Thus, after a survey carried out Witlectricians

Equipe: Teodoro

fempo Total. 00N 12min 42 on the acceptee of the usagef female voices, it was de-

Dicas: * cided to adopt different female voices for the COD and IV

Tome cuidado para preencher a APR da forma correta. . .. . .

Abra as chaves fusfvel na sequéncia correta. and to keep thmale voice for the electricians, making it eas-
ier to identify DOC, IV and electricians via radio.

* ok kK Kk Finally, as the majority of electricians and instructors

have never used HMDs, a set of tutorial videos were recorded
to present the main featurethe proposed VR environment
and how to use the motion controllers to locomotion and to
perform the gestures with thequipment (especially the
chainsaw and the hot sticlds these tutorial videos are in-
Exercicio finalizado com falhas tended for the electricians and instructors to learn about pro-
posed VR environment, they were published on the Web and
__ can be retrieved both on desktop computers and on
o s o ioe i b S vidade. 2 smartphonesFigure 16 shows how the tutorial videos look

o = fonioas e dideon deiapolo. like on a smartphone screen. For simplicity, only portrait
view is shownon this paper, but the videos can be watched
on landscape orientation as well.

Figure 14. A sample dialog that is shown when the exercise is suc-
cessfully finished but giving advices to prevent the faults.

Equipe: Alfred | Teodoro

Figure 15. A sample dialog that is shown when the exercise is not
successfully finished

In addition to thepenalty score and thexercise logs, in-
structors can monitor the execution of exercises in real time
through the observer mode, as illustrateBigure10. In ob-
server mode, instructors can “foll ow
in the exercise or even navigate through the exercise.

one of the electr
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performed for each exercise, weather condition and period of
the day that was set for each exercise. Also, in case of faults,
it is possible to see the log of the exercise and view what kind
of fault was committed by the electrician and the applied pen-
alty. In Figurel9, it is possible to see that the electrician had

a single ftajudd” itnr egehepr‘wni ng
the safety glasses, whiahplied a-7 point penalty.

ercicos por Equpe

Ambiente Virtual Imersivo

00

00

000 00

Figure 16. Screenshots of the tutorial videos provided. ) =
Figure 18. Report of tries of exercises by teams on the Waked sys-

To allow the instructors to manage trainings in the pro- tem.
posed VR environment, Web-based Management System

(WMS) was also developed. With the WMS, an instructo
can manage the teams of electricians, create trainings (i.e.
list of exercises to be done by the teams), and check perft
mance reports of the teams or individuals.

To crede a trainingn theWMS, an instructor must select
the exercises he/she wants that the teams try in the propo:
VR environment. And each exercise provide settings to sele
the weather conditions and also the period of the day (day P

r ) . -
Igure 19. Report of the tries of exercises performed by an electrician on

night). Figure 17 shows a list of trainings created on the the Webbased system.
WMS. It is also possible to view in the same figure the
weather condition and the period of the day for ea@hicise. With all the information provided in the reports of exer-

After a training was created WMS, it can be assigned cises and trainings, an instructor can identify common mis-
to teams of electricians. Then, next time the electricians Idgkes done by the electricians when performing specific ac-
into the proposed VR environment, they will see the corrdions, if some tasks are taking longer than expmgdtethe
sponding available exercises. And, once they perform the eRlectricians are weargthe proper/expected PPE to perform
ercises, th logs will be registered and can be visualized o#he actions, and othets. fact, when reviewing these reports
the reports provided on th&MS. Several reports are pro- With instructors and safety specialists, they highlighted the
vided on thaVMS: by trainings, by exercises, by electricianusefulness of them and that, the results included into these

or by team. And all the reports can be exported as PDF filg&gports could assist instructois take effective actions in
their current trainings to avoid mistakes in the field and to

| promote safety campaigns that prevent common faults com-
mitted by the electricians.

N 4.4 Usability evaluations
N, According to theMeta Quesbest practice@Meta, 2023)lo-
. . comotion is or of the most difficult feature implement in
’ ’ a VR environment and one of the most important tatdo
(] . 3 y

well. Otherwise, even the most familiar and experieri¢Bd
_ - users may experience discomfordamotion sickness. The
Figure 17. Trainings on the Webased system. same document highlights the importance of carrying out

Figure 18 shows a report of tries of exercises by teams. oo tests of any proposal for locomotion in a VR environ-

In this report, an instructor can view detaifexercises tries: ment._ T . .

the teams, date, time to conclude the exersisather con- With this in mind, usetests were carried out with 21 vol-
dition and period of the day set for the exercises and the nuHﬁeers thrpugho\;;;thg pr(.;](;a ctto levaluate d_llffijer?hudﬂ
ber of faults Figure19 shows an individual performance re- o ocomot|o$ In K ' tet? 2622” ts ﬁre "’;Va' athe In a pre-
port. For this report, an instructor and view all exercises triedfOus pape(Tanaka, etal., I short from theseuser

by an electrician, check the role (supervisor or executor) it
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7. For each of the statements below, check the option that best reflects your opinion about

tests, it was decided to adopt locomotinachanismscon- . . _
pruning the tree while SITTING:

tinuous locomotion with reduced field ofewiy and discrete
locomotion, also known as teleportation.  Totaly disagre

Continuous locomotion is the most traditional method of
locomoation infirst-person games: through the analog sticks
of the motion conbllers userscan move forward, backward
and sdeways, in addibn to rotatethe user's camerdlore
specifically, while one of thenalog stickss pressed to one
side, the user moves or rotatas/hervirtual body to that
side continuously. As this type lmicomotioncauses motion
sickness in VRvery frequentlyWhite & Stevens, 2018)lif-
ferent approaches can be adopted to mitigate motion sick- _ N
ness and one of them is the wetion of the field of view * :L:i;hfhitﬂ:ﬁi‘ﬁgiﬁfwbg::\élChmthe e epen et
(Fernandes & Feiner, 2018)hich simply adds black bor-
dersaround the usezamerareducing the field of view to a  swevasse: = o & wwege
smaller circle. With thispproachthe visual stimuli in the
user's peripheral vision are reduced and, therefore, the bre
registers smaller discrepancies in the virmavement and
there is a lowetendencyfor motion sickness during loco-
motion. 1t

Discrete locomotion or teleportation is performed as fol- .
lows: the user launches a bolt or arc forward, in front of it
and at the point where the bolt or arc strikes a surface, tt
user can be immediatelynd directly transported to it. De-
spite solving the problem of motion sickness in VR environ- Figure 20. User preference of thehainsaw.
ments by simply eliminating the continuous MoOvemMEeNt Of, ¢, cach of the statements below, check the aption that best reflects your opinion about
the camera, one of the main criticisms of teleportation is the  carving eut interactions with the hot stick while SITTING:
it generates a break of locomotion, comprongshe feeling
of immersion(Boletsis & Cedergre, 2019)

The decision tadoptboth continuous locomotion with s e pertorm e gesures it e ot stice
reduced field of view and discrete locomotion was due to th :
fact that, inthe usertests, discrete locomotion retad in
lower levels of discomfort compared to continuous locomo
tion. However, according to thmrticipants ofheusertests,
continuous locomotion was easier to use.

Additionally, knowing that a HMD and motion control- . e pere
lersmay not be available to all useand that there are users » :

.. .. Rk 13. For each of the statements below, check the option that best reflects your opinion about
who are more sensitive tocomotionin VR environments, carrying out interactions with the hot stick while STANDING
no matter theefforts to improve locomotion methods to
avoid nausea and discomfort, the proposed environment al = =
allows the use in nemmersive mode with a monitor, a key-
board and a mouse or a conventional gamepad.

Another usability test carried out was to evaluate the ge
tures with the chainsaw (turn on and turn off the chainsaw ..
accelerate and cut out branches of a tree using the chainsez '+
and with the hot stick (exparasection, collapse a section, ..
open and close fuse switches in the aerial network). For th "
test of the gestures, four volunteers were recruited and th v
objective was to identify the most comfortable way to per- _
form the gestures: standing or sitting. Thusers were asked Figure 21 User preference of the hot stick.
to perform a tree pruning exercise, and open and close fuse
switches while standing and sitting, and then answering
satisfaction questionnairBigure20 andFigure21 show the
responses to the questionnaire.

quickly pruned the tree without making mistakes

v

tasks sitting and standing for the first three critégase of

From the results found on the usage of the chainsaw, it is
floted that there were identical results when performing the

pruning, time spent x errors, collisions with objects in the

real world). In addition, participants did not complain of
tiredness in either mode, sitting or standing. However, the
incidence of motion sickness was higher with users standing

thansitting.



A collaborative, imrarsive, virtual reality envonment for training electricians Tanaka et al. 2022

Among the comments made by the participants about tH
tree pruning with the chainsaw, one that is worth to notic
was the usage of the elevator bucket to go up. Two partic
pants described that the vertical movement of the elevatt
bucket when thewere standing caused some discomfort.

Interactions with thdwot stickhad the highest incidence
of negative responses in the questionnaires answered by
participantsThe gestures to open and close the fug&ches
were considered daifficult task andthe participants made
mistakes. Alsojt was not a task that they could complete
quickly, both sitting and standing. In addition, the gesture
performed caused fatigue in the participants in both modes
(sitting and standing). However, nausea was not gbddry .
the participants in any of the modes.

Possibly, the interactions of opening and closing the fus
switches were difficult because they were performed on th-——
ground in the VR environment, at a considerable distanch
between the user and the fuse swatchn the aerial network. |
More specifically, these gestures required a great precisic
of movements in the motion controllers to, first, select a fus; <!
switch and, second, pulling or pushing the fuse switch t
open or close it, respectively. In fact, twargicipants com-
mented that it was very difficult to interact with the fuse
switches while on the ground. Thus, if the distance were re-  Figure 24. Viewing a safety document in the Virtual Tablet.
duced (for example, the user being on top of the ladder or in
the elevator bucket of the truck), these difficulties cdaed In total, 19 usability issues wefeundin the virtual tab-
minimized. Also, according to the development team's anal€t by the usability evaluator§able 4presents the number
ysis, relaxing certain implementation rules established t8f Problems according to the sevenigtings
identify whether the user wants to open or close a fuse switch Fromthepo bl ems cl assi fi ed as *“ N\
(such as identifying the gesture speed, the height of the heating = 3), some are worth to notice. One of them is the im-
stick tip, anong others), could make it easier to performpOSSibility of using the mouse wheel to scroll on the virtual
these interactions with the fuse switches in an aerial networkablet screens, violating the heuristics of Consistency and

Finally, the last usability evaluation carried out was thestandards and Flexibility anefficiency of use. Other one
heuristic evaluation of the virtual tablet with which electri-Was the impossibility of dragnddrop the cursor of the
cians access applicatiotes configure the VR environment, video player, also violating the heuristics of Consistency and
COPEL safety and technical standards documents, take pigtandards and Flexibility and efficiency of use. Some others
tures, watch videos with safety hints, filPaeliminary Risk ~ Were the absence of a search function forrtezth standards
AssessmenPRA) form, among otherEigure22, Figure23 documents, violating the heuristics of Flexibility and effi-

andFigure24 show someirtual tablet screenshet ciency of use and Recognition in instead of memorization,
and the difficulty and inaccuracy of pressing small buttons

on the virtual tablet screen, violating Error Prevention heu-
ristics.

IVELISECBIONADOIIA -

- ABERTURA DE CHAVE FUS
FQuIPE

a7 =
a Arco elétrico, choque elétrico,
energizamento acidental

Blogueio/agao preventiva

Bloguear religamento autométi
i G ico da fonte e
obedecer & sequéncia de operacao dag

Figure 23. Filling the PRA form in the Virtual Tablet.

Table 4. Usability problems found in the virtual tablet according to
the severity ratings

Severity ratings Occurences
0 - Not important- Does not affect in-| O

terface usage

1 - Cosmetic

2 - Minor - Low priority problem
3 - Major - High priority problem
4 - Catastrophe very serious

O OlN W

Figure 22. virtual Tablet main screen.

It is worth to notice that,raong the problemfoundin
the heuristic evaluation, seven have already been fixed (of
these, three were of severity rating = 3) and the others have
already been mapped be fixed in the next sprints of the
development team.
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