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Abstract

Aircraft inspection is a vital element in assurisafety and reliability of an air transportation tgys. The human
inspector performing visual inspection of an aificis the backbone of this process. Training opaors is an
effective strategy to improve their inspection perfance. A drawback of present-day on-the-job imgiprovided
to aircraft inspectors is the limited exposure iffedent defect types. Current research combinesattvantages of
virtual reality (VR) technology that includes expos to a wide variety of defects and the one-on-anering
approach of on-the-job training by implementingadlaborative virtual training environment. Avataase used to
represent the co-participants in an immersive bolative virtual environment (CVE). In a CVE, infoation of
where the trainer is focusing can be provide toainée as visual deictic reference (VDR) slavedh® head
orientation of the trainer. This study evaluates #ifectiveness of simulating on-the-job trainimga CVE for
aircraft inspection training, providing VDR slaveathe trainer’s head orientation. Results shoat the training
was effective in improving inspection performance.

1. Introduction

The air transportation industry is under intensespure to provide safe and stable aircraft. Pathatf safety is
ensured by the many human inspectors that regudadych these aircraft for faults, defects, aném@l hazards.
Training has been found to be a very effective meahimproving an inspector’s performance [1]. Tgréanary
source of training for these inspectors occurstanjob. Unfortunately, this method of training lasumber of
drawbacks. For example, on-the-job training (OJogsdnot allow for effective feedback or proper esyre to
different types of defects.

Virtual reality (VR) has been used as an effectiaéing tool since it enables the user to perfonder a number of
different and controlled scenarios and providesosupe to a wide variety of defects. Previous ssIf2, 3, 4] have
identified offline training within a virtual envirament to be effective in improving aircraft inspentperformance.
This research carries the use of VR as a trainow further and investigates the effectiveness sihg a
collaborative virtual environment (CVE) for simufed on-the-job training in a synthetic aircraft piestion
environment. A CVE allows for the co-immersion aftlp the trainer and the novice inspector in a wirircraft
environment facilitating real-time training. Theildlp of the participants to communicate and cotledite while
performing search task in the shared environmédhteinces the success of such a training systempiésence an
animated character or an ‘avatar’ representing ghsition and orientation of the collaborators invigual
environment facilitates learning by simulating thsual aspects of human interaction in a shared@mwent. Even
avatars with rather primitive expressive abilities/e the potential to create a strong sense daflmmiation in a CVE
system. As avatars take on a personal role, tharetsgasing the sense of togetherness, it is impothat they
realistically embody human nonverbal communicafsjp The avatars used in the CVE in Clemson University’s
Virtual Reality Eye Tracking laboratory are capabletorso movements along with head and eye rotatior
effective collaboration.

In a collaborative training task, there is a needadditional communication tools in order to dégplvhat one is
looking at or referencing. Such a tool can be mtediby deictic references, visual, verbal or bd®ast studies have
demonstrated the importance of deictic referencea desktop CVE [6] for understanding the co-pgéint's

perspectives. Verbal deictic references alone ead to miscommunication and disorientation. Thesetlis a need



for visualization of the deictic references of fieticipants in order to determine what a co-pagudict is referring
to, and where and what they are looking at.

Visualization techniques like a light-spot or extery a light ray from the users’ hand have beem yseviously.
Additionally, research has shown that the poinewfergence (e.g. head slaved, gaze slaved etcucbfasvisual
deictic reference (VDR) has an impact on the perforce of the participants of the CVE performingbaborative
task. Head orientation has been shown to be a gatichtor of focus of attention and it has beemstat head
orientation contributes greatly to the overall gdiection. This research explores the use of VDORproviding
training in a CVE and this paper describes a stwtich evaluated its effectiveness using VDR slatedead
orientation.

2. Methodology

2.1 Subjects

This study used 16 students enrolled at Clemsowdisity as participants. They were screened fanalisicuity
(20/20 natural or corrected with contact lenses)orcvision, and our ability to calibrate an eyaeker with the
participant’'s eye movements. It has been demosstrit] that student subjects can be used in lieinadstrial
inspectors.

2.2 Technical Details

The experimental was conducted using the VirtualiReaircraft inspection simulator [8] developedGlemson
University. The virtual environments are driven &yl.5 GHz dual-CPU PC with 1GB RAM and an NVidia
GeForceFX 5950 graphics card running Red Hat Lifv&x0 Kernel 2.4.20). Multimodal devices in the lablude
V8 Virtual Research head mounted displays (HMDy(iFé 1) that offer 640x480 pixel resolution for leaye, with
separate video feeds for the left and right eyaba@5.3° x 58.4° visual angle. HMD position angmation is
measured using an Ascension Technologies 6-dedréeeadom (DOF) Flock of Birds electromagnetic e
mounted on the top of the HMD. A binocular eye-kexc(Figure 2) is integrated within one of the HMDThe eye
tracking unit is a video based, corneal reflectioit, built by ISCAN. A 6DOF mouse (Figure 1) isedseither as a
virtual wand for pointing in the CVE or for selewti defects in an inspection task scenario.

Figure 1. HMD and 6-DOF mouse Figure 2. Binocular eye tracker optics in HMD

Vspec, Inspect and Inspector are the software camgs used in this study, custom developed by Gleams
University researchers. The Inspector program dispthe VR scenario to the participants while rdicay their eye
movements. Vspec performs offline analysis of thgipipant’s point of regard (POR) data. The CVEi&bled by
Inspect. Furthermore, no data is recorded in th& CV

Our CVE was implemented by extending a single-ugéwal environment to two or more participants.r@hared
state repository model is realized by a client-searchitecture (star topology), where many cliex@s connect to



the central server. The server contains the only walid copy of the world and all world logic rsion the server.
Clients enqueue user/world input, and then sensktligput requests to the server. The server thecepses each
input, and pushes a new world state to each cliemtcompensate for the delay between sending nput ito the
server and receiving an updated world state, eli@ft @ttempts to predict future world states. Mateaded clients
manage the head position and orientation and epkiirg devices only when these devices are acfilie. client
can be thought of as a specialized dumb termiirateghe only processing it performs (other thamsmaling user
input) concerns representation of the world touber.

Avatars (Figure 3) used in our CVE [9] are basedvidi3 models (model format courtesy of Id Softwaigach

avatar's eye direction is mapped from the trackeohtpof regard (POR) of the avatar's human couaitrp
Furthermore, since our eye tracker returns (0,udng blinks, we model the avatar's eye blinksdxtire mapping
a closed eyelid during blinks. Other than the eymvéments, the avatars are capable of head rotatidntorso
movements which follow predefined animation seqesrtased on the position of the HMD tracker.

Visual deictic reference for the novice is slavedte orientation of the tracker in the HMD of thepert and is
implemented by displaying a small red dot (FiguratXhe point of intersection of a ray cast byhkad orientation
and the virtual scenario. The expert gets real feeelback of where he is pointing, i.e. the VDRphevides to the
novice, in the form of a blue dot. Head-slavedtieireference conveys the orientation of the negigaze to the
expert. Thus, both of the participants in the CME provided information regarding what the otherspa is
looking at thus, allowing for the expert to ascerthat he is communicating effectively.

Figure 3. Avatar of trainee in CVE as viewed by trainer éimel avatar of the trainer

2.3 Stimulus

The scenarios used in this study were variatiors aftual reality model of an aircraft aft cargaybsimilar to the
one in a Lockheed L1011 aircraft (Figure 4). Fiwgiants of the cargo bay scenario (Figure 5) weegfor this
study. The familiarization scenario was the firgtrgario, which familiarized the participants witintwal reality and
allowed them to become accustomed to the cargoebaironment. This scenario had all the differergety of
defects highlighted in red boxes with their namesidie them. Three inspection scenarios used -multi defect
task scenarios for the pre-test and post-test aedsoenario for the training session in the CVEher exposure
session -- were developed to be representativhefréal-world environment. These inspection scesahad
equivalent difficulty levels in terms of the numband the types of defects and their location. Easpection
scenario contained a total of 22 defects of typasks, corrosions, holes, abrasions and brokeitriei@lcconduits.



There were 9 cracks, 5 corrosions, 5 holes, 2 mlmssand 1 broken electrical conduit in each af three
scenarios.

2.4 Experimental Design

Based on a Pretest-Posttest Control Group Desi@h f{the participants were randomly assigned to groups:
treatment and control. The treatment group receiragding using the CVE where they observed an expspector
perform an inspection task while being co-immerisethe CVE. The control group did not receive traning but
were immersed in the scenario.

The expert selected to provide the training in @é was a graduate student with prior experiendé tie VR

simulator and training in the theoretical concegftsearch strategy. The expert performed trial éeipn tasks and
data was collected on his inspection performanae.wids provided with sufficient training until he svable to

identify 100% of the defects and his inspectioretinecame consistent over a series of trials.

The experiment was administered according to theesgce shown in Figure 6. Performance and processumes

were recorded in the inspection tasks

Familiarization —» Pretest —» Treatment —»  postest

Treatment group Familiarization Inspection Task CVE Training + Inspection Task
Randomly assigned Exposure

Control group. Familiarization Inspection Task Exposure Inspecliask
Randomly assigned

Figure 6. Experimental design

25 Procedure

The participants were first asked to complete asennhform, a demographic questionnaire, and gimstutictions to
ensure their understanding of the experiment. dlparticipants were then immersed in the fam#daion scenario
to familiarize them with VR, the cargo bay envircemh and the different types of defects.

They were then asked to perform an inspection itask multiple defect environment. The task wasuapaced
task: the participants were instructed to termirtée task when they wished. One of the two multigédect
inspection scenarios was used for this task. Thenwltiple defect inspection scenarios were coub&anced to
assure that both groups received the same numberdefings of the two scenarios. The task involted
participants searching for defects in the virtupiection scenario. Once they found a defect, tinanked it in the
scenario by pointing and clicking using a 3D moukthe selection was correct, the defect was thighlighted in
red. The eye movements of the participants andelertions they made by clicking the 3D mouse wecerded.



The participants in the control group were then arsed in the exposure scenario. They were alldoegpend as
much time as they wished in this scenario.

The participants in the treatment group were co-@émsed with the trainer in the CVE training scendfioe training
session in the CVE was an unpaced observatioral wdgere the participants were required to posidod orient
themselves so as to face the red dot as the taémrmed the inspection task.

All the participants were then asked to perforneeosd inspection task in a multiple defect envirentm The task
was again an unpaced task and the participantsl ¢euhinate the task when they wished. The paetitip were
immersed in the multiple defect inspection scen#ira they had not been exposed to in the firgtdngon task.
The eye movements of the participants and the tsefscthey made by clicking the 3D mouse were r@dedr The
participants were not given feedback on their penénce for either task.

3. Results

Data collected on performance and process measu@sanalyzed using Microsoft Excel 2003. We mezstine
effect of the training on the novice inspector'spaction performance and visual search process.

The performance measures were accuracy (the nurhidefects detected) and efficiency (time takentliertask in
seconds). The process measures were collectedabyzany the point of regard (POR) data [11] of geeticipants
recorded by the eyetracking equipment. The prooesasures collected were the number of fixation fgoithe
number of fixation groups, and the mean fixationation in milliseconds. Fixation points are ideietf by isolating
fixations from saccades using a velocity filter twa threshold value set at 130 degrees of visuglefsecond.
Fixation grouping is performed by condensing angtiof consecutive fixation points to a single figatby finding
the centroid of the group and verifying that eaighatfon group’s duration is greater than or eqoalhe minimum
theoretical fixation duration of 150ms.

For the control group, the difference between thst pest and the pre test represents the effqmiaatice while, for
the treatment group, the difference representgftfieet of the training coupled with the effect aaptice. The effect
of training can be isolated by comparing the ddfere (post test — pre test) for the treatment gneilp the

difference for the control group.

The experimental design was the ‘Pretest-Posttestr@l Group Design’. There was one independeriblbg, the
treatment condition, which had two levels: train{tr@atment group) and no training (control grofe use a t-test
to analyze the performance and process data.

M eans of the difference
M easur es (Post test - Pre test) t Stat p<
Control Treatment
Number of defects detected 1.375 5.25 2.529 0.016*
Time taken for the task (sec -212.013 193.6p .26 0.022*
Number of fixation points 592.5 67684.5 -2.289 0.035*
Number of fixation groups -25.5 186.5 -1.986 0.041*
Mean fixation duration (ms) -188 15.5 -1.081 0.153

* Significant

Table 1. Results: Performance and process measures

3.1 Performance measures

Table 1 presents the results for the performandepancess. The t-test of the difference in accusdmws that the
improvement for participants who received trainiwgs significantly higher than that of the particifmin the
control group (p < 0.05). Figure 7 presents thsaltegraphically.



The t-test of the difference in time taken to costplthe inspection task shows that the participahis received
training took significantly more time (p < 0.05) the post test compared to the participants incth@rol group
This result is shown graphically in Figure 8.
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Figure 7. Mean difference: Number of defects detected  Figure 8. Mean difference: Time taken for task

3.2 Process measures

The process measures were available only for ijests in the treatment group and seven for thérobgroup due

to loss of eye tracking data when the simulatdeébio record the point of regard (POR) informatsemt by the eye
tracking computer. Hence process data for one rahdselected subject in the control group was deappnd

analysis was performed with a sample size of sixgpeup.
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Figure 9. Mean difference: Number of fixation points Figure 10. Mean difference: Number of fixation groups

Using a t-test on the difference in number of ficatpoints, we found that the participants in theatment group



had a significant increase in the number of fixatmints in the post test as compared to the maatits in the
control group (p < 0.05). This is graphically regeted in Figure 9.

The t-test of the difference in the number of fieatgroups shows that the participants who recefr@ding had a
significant increase in the number of fixation greun the posttest as compared to participantsércontrol group
(p <0.05). This result is shown graphically igtie 10.

There was no significant difference found in theamdixation duration between the treatment and robmfroup
(Figure 11).

50

0

Control Treatment

-50

-100 +—

-150

-200

Figure 11. Mean difference: Mean fixation duration

4. Discussion

The objective of this study was to determine ifrskastrategy can be taught using simulated ondhbetfaining

using the collaborative virtual aircraft inspectienvironment aided by displaying visual deicticerehce slaved to
the head orientation of the trainer. The effecte@nof this training was evaluated by comparingitispection

performance of a group of participants who were iathtered this training to that of a group of peigants who did
not receive the training. Process measures welgzatato understand how the training affected tagigpants’

search strategy.

4.1 Performance Measures

The results show us that the search strategy miaimiovided was effective in improving the accura€yhe novice

inspectors in detecting defects, but, we also segrificant increase in the time they take to perf the search
task. Thus there is a speed accuracy tradeoff wlddor the task. On observing the time taken fimpleting the

task in the pre-test and post test, we see thgtahecipants in the treatment group appear to takee time in the

post test compared to the pretest, while the ppatits in the control group appeared to take liess in the post

test compared to the pretest. This could be dtiectdact that the participants in the treatmentgradopted a much
more thorough search strategy similar to that efekpert.

4.2 Process Measures

The process measures show us that the participdmdgeceived training appear to have executedgetarumber
of fixations after training. They also had a sigrahtly larger number of fixations groups afteliriiag. The slower
paced and thorough inspection strategy adoptetéparticipants in the treatment group would expthe increase
in time taken for the task. It was observed thatghrticipants who received the search strate@yitigaappeared to



adopt a search process which was similar to thelsestrategy of the expert inspector which tenasatds a more
systematic search strategy.

Collecting eye tracking data during an inspectiasktin a virtual reality simulator gave us usefdbrmation that
enabled us to better interpret the participantgnitive process during inspection. The differerdgess measures
collected from the eye tracking data reflect thercle strategy adopted.

5. Conclusions

From the results of this study, it can be conclutted subjects can be trained to adopt an expsesch strategy
using simulated on-the-job training in a CVE. Thairting is effective in improving inspection penfaance. With
an increase in performance, there was an increasmeé taken to complete the task. Thus it has ieend that a
speed accuracy trade-off exists in the applicatiérthis training. It has also been shown that eyeking
information can be used to interpret the cognifivecesses adopted by an expert inspector whileoeirig a
search task. Providing VDR in the CVE slaved tolirad orientation has been found effective in isgrgng the
area of interest of the co-participant in a coll@bee virtual environment. The results of this @ach have
applications in aviation inspection training and @aiher collaborative training applications usingrtual

environments.
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