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Abstract—Improving the training programs for maritime oper-  prevention. Thus understanding trainees’ visual focush wit
ations is beneficial to enhance maritime safety in practice. In this greater accuracy in a simulator is necessary.
paper, we propose a novel approach to the assessment of visual™ \yjitp the development of sensing technology, eye tracking

attention in a maritime operation so as to support an expert- has been applied as a training tool in various domains
in-the-loop training program. Experts’ knowledge of maritime PP 9 !

operation and experiences in the simulator are incorporated Including surgerysports driving, and aircraft inspection [4]-
into the training program in three ways. First, through a [8]. Gaze points are tracked by means of high-speed cam-
questionnaire, information about task division, identification of eras either integrated into wearable glasses or mounted on
critical operation, and definitions of areas of interest (AOISs) is desktop systems. These tools generally identify two pymar

incorporated as prior knowledge for modeling visual attention. eve movements: fixation and saccades [9]. Based on the two
Second, a weight scale factor that emphasizes the high importance Y : [9]-

of visual focus in critical operations is utilized to generate an type; of eye movements, var!ous eye-track!ng metrics Sﬂfih a
operations-dependent attention map. Third, based on an expeg fixation frequency and dwell time, hit count in AOls, attemti

attention map and visual switch between AOIs, a similarity metric  map, and scanpath can be calculated to build meaningful
is designed as a comprehensive evaluation between saliency an‘?epresentations for visual attention analysis [10]. Coersng

visual transition. A case study of heavy lifting operation is . : .
performed by two groups of trainees who have received differein these features, it seems likely that applying eye trackers t

briefings about “critical operation”. The assessment result show Maritime operation training will not only offer a means of
the group with more detailed briefing obtains a 6% similarity ~perceiving operator’s situation awareness, but also geow

score higher than the other group, which is consistent with the possible solution to improve the training program in terms o
debriefing result of a superior performance of that group. The 4 ritime safety.

proposed approach is thus verified effective in assessing visual

attention for the expert-in-the-loop training program. Two trends have emerged in research on visual attention.

) ) . On the one hand, researchers from psychology have focused
Vislngle)z(ittTeer:{iT)T ﬁﬂrgﬁ‘ti%fe'gtséf::i’ofye tracking, Saliency map, o jnvestigating the correlation between behavior andalisu
' ' attention, such as analyzing search patterns of workers for
hazard identification[11] and comparing visual focus inttig
. INTRODUCTION simulators and in-flight [12]. Researchers who study comput

] ) N vision, on the other hand, have made efforts to model visual
R ECENT years have seen an increase in maritime agrention, such as saliency maps and scanpath [13], [14], as

tivities in challenging oceanic regions [1]. Undertakingye|| as visualization [15].
demanding maritime operations, such as offshore petroleumggth steams of research are crucial to training using a
extraction, wind turbine installation, and subsea pigelite- maritime operation simulator. We can improve the training
ployment in the complicated environment, requires sulbistian program from two aspects. First, experts and novices use
experience and skills. The increasing complexity of mawti jifferent search strategies during operations [11], [T8ie
operations has led to a growing risk of maritime accidentggining program should focus on incorporating expertise s
Human error is reported the prevailing factor that accotmits that trainees can learn what to focus on during demanding op-
80% of those occurring worldwide [2]. Significant investrt®n grations and gain hazard awareness. Second, modelinggxper
in training have been made for maritime safety [3]. It igjsyal focus in a simulator could facilitate the assessment
expected that effective training in a simulated scenamighs of trainees’ visual attention. However, given the differen
as in a simulator, could provide experience and reduce hun@dbrating habits among experts in operation, especiallgrwh
error. Identifying the problems that lead to human error Vigerforming a critical operation, it is difficult to use readyade
visual attention in a training program is vital to accidentgdels (see [13] and references therein) directly.

) ) o In this paper, we propose a novel approach that leverages
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[l. RELATED WORK
A. Visual Attention Comparison between Expert and Novice

Experience and expertise are considered the main factc | !
that separate experts’ and novices’ visual attention. mits Real-time ¥
have been made to investigate the visual focus in simulato! - pasee
among operators with different level of skills, as well as |
different operating abilities [11], [16], [17]. In most ohe
comparative studies, visual attention is assessed by aomgpaFig. 1. Layout of training center for maritime operations.
fixation related data, such as fixation location, numberadur
tion and percentage in specific AOIs. Théasealso research
work that makes use of scanpath patterns to distinguishrexpe ,.------oocnoeeeeel Saiin
from novices [18]. These studies suggest that experience -
operators can perform more efficient fixation in operation. <description

Event replay E
evaluation :
For example, increased expertise requires less fixation t . - Risk :
. . . . . Planning assessment H
identify pathology in a surgical assessment [4]; expegenc ;

drivers perform a wider horizontal scan for safety [17]; and ="~ @ &X =%
experienced workers exhibit fewer fixations when identifyi T Training in simulator )
hazards [11]. Based on this, the project outlined here prior

itizes experts’ experience and expertise to design a b@gini

program for maritime operation.
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B. Saliency-Based Similarity Metrics \?@ﬁ """""

Assessment of visual attention by means of saliency-based — . ' —
metrics has been a hot topic in the past few decades [1§] XPertexperience Lostruction comparison

. comparison
[14], [19]. Dozens of similarity metrics have been develbpe
to evaluate saliency-based attention. Receiver operatiag - — .
acteristic (ROC) analysis is one of the most popular metho @
[20]. A constant threshold for the salient level of the gréun | L
truth map and a variable threshold for the predicted map are ~ ==eeee- Traditional training program
used. The ROC method compares each pixel’s saliency value —» Expert-in-the-loop improvement
in the map with the variable threshold and classifies it as . , . L
. . . .. g. 2. Integration of experts’ knowledge and their expsees in simulator
either fixated or non-fixated. An ROC curve depicting thg maritime operation training.
relationship between the false positive rate and true ipesit
rate of the pixels can be drawn; the area under the curve
represents the similarity between the two saliency maps.
The linear correlation coefficient (CC) is another metric f ; ;
comparison between the two salie(ncy)maps [21]. Itis definolggjlr exarr_1p|e, the normallzed scanpath saliency (NSS) methqd
. ) . ndardizes the saliency map with a zero mean and unit
as the ratio between the covariance of the two saliency maps

) L ndard deviation and averages the saliency values of all
and the product OT thgwstandard deviations. An absc’lmathe tested fixation locations [25]. An NSS value close to 1
of CC close to 1 indicates a perfect correlation.

: . . o . represents a good correspondence between the fixation and
It is possible to use a probability distribution functio P 9 b

¢ i imilarity. | | the t 10N he saliency map, whereas a negative NSS value indicates an
0 compare saliency simiiarty. in general, the two saI}enpO posite correspondence. Peters and Itti proposed a pigzcen
maps need to be normalized as two corresponding probabi

S i . L ~metric to assess eye fixation on a saliency map [26]. For each
distribution functionsJudd et al. designed a similarity metrics, ~tion. it counts the number of pixels that have saliency
that sums the minimum value of the two functions at eaQ% ’

Maritime operations

sememcscsccscscany
Sececccccccccacas

2

el of th 291 The similari h b lues smaller than that of the fixation location and norneali
pixel of the map [22]. The similarity score has an upper OUNfHe number by dividing the total number of pixels. The final

of 1, which corresponds to identical distribution of the WQ ore is the average of the normalized values of all the
saliency mapsn addition, some other similarity metrics usmgfixations

the probability distribution function like the Kullbackelibler

divergence metric and the earth movers distance metric havdhe aforementioned similarity metrics are more focused

been applied to compare saliency maps [23], [24]. on spatial comparison of visual attention. Considering the
Instead of directly comparing two saliency maps, thelienportance of temporal information in a critical maritime

are methods that evaluate eye fixation by comparing theperation, a metric that accounts for spatial-temporailaity

corresponding saliency values on a benchmark saliency mepneeded. We will present such a metric in Section IV.
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IIl. DESIGN OFEXPERTIN-THE-LOOP TRAINING
PROGRAM FORMARITIME OPERATIONS

Accurate understanding of trainees’ behavior in maritime

operations especially in terms of situational awarenest)e —

most important design criteria for the training programw-o \\\\ AOl Saliency
ever, illustrative techniques to visualize situationakesness \ definition / hit ~\_assessment/ " similarity
in simulators are lacking until the advent of a new genenatio \ .

of eye trackers. Taking into account the ability of realgim l Ope;iiﬂﬂif&‘fp“de}t

tracking of visual focus, as well as the ability for post-igses
on an attention map, eye trackers are considered a suitafi{e 3. Diagram of modeling and assessment of visual attention for the
instrument to be integrated into the simulator. training program.

Fig. 1 illustrates the arrangement of facilities that aredus
in our maritime operation training program. An open meetin
mode is established that all related personnel can sit as
the simulators for briefing and debriefing. The behavior

the tlratlnee WTJO V\(earT thde ey(teh trapclj<er anﬂ opctieratels in q uld be taken when entering or exiting it. This is closely
simulator can be visualized on the video wall and replayed | a1aq to the trigger of events during training, and thusloa

necessary. The instruction pl_atform _plays a rqle IN gOVEINI ;sed as a measurement in the time domain for the generation
the tr.z';unlng.proc.ess,.from which the m;_tructor is able tusid of an operations-dependent attention map. AOIs are another
the S|mulat|on situation qnd record c_rltlcal event_s. .. concern in the questionnaire. The unified AOIs will be used
Inspired by the work in [27], an improved brief-training~, eyiract the temporal characteristics of an expert's ifixat
debriefing paradigm that integrates experience and experlil_e_’ the transitional pattern.
Is proposed, as shown in Fig. 2. The following introduces e 5 trainee finishes the operation, his/her eye-tracking
the three phases ‘_N'th, emphaS|§ on hOW, to apply eXpeliya is divided into segments that correspond to the stages
experience and their visual attentions to this procedure. defined by experts. Each segment of data will be used to
« Briefing In this phase, trainees are provided with instruGvaluated the trainee’s visual attention from two aspéfis.
tions, goals and rules about the maritime operation. Apdjitst one is AOI hit, that is, the number of fixations within
from these information, some of experts’ assessmenfe AOIs. Here we neglect the visit time, length and angle
such as the difficulty of the operation and where the visualong AOIs but focus on hit rate, as it is intuitive that a
focus should be, are summarized via questionnaire. TAgjher hit rate implies a potential good practice. The sdcon
assessment may be based on either past work experiegggluation target, on the premise of high hit rate, is saiien
or from experience in simulators. The added informatiogimilarity. A similarity metric considering both temporahd
will enable the trainees to engage in the operation activedpatial characteristics of the trainee and the expert isqued.
and effectively. More details are introduced in Section IV.
o Training: The training takes place in thieft spherical
dome, as shown in Fig. 1. A wearable eye tracker is
utilized together with an overhead camera to monitor

the user’s behavioiThe type of maritime operations and In thi . o hod i d
the simulation environment including wind, wave and sea n this section, a pair-wise method Is proposed to compare

current, are set through the instruction platform. In addY—Isual atteption between gxperts and trainees. We use a ship
tion, operational expertise such as how to identify critic aneuvering example t(_) lllustrate how to use a weight s_cale
operations is applied to record corresponding events fQ| t_or t_o generate attentl_on map, and how to evalu_ate sglien
analysis in the debriefing phas@perational samples similarity from both spatial and temporal perspectives.

performed by experts in the simulator are collected prior
to the training for comparison. A. Eye-tracking Data Modeling

o Debriefing As the core element of simulation-based The collected eye-tracking data contains various informa-
training, debriefing aims to help trainees to explore anghn such as timestamp, eye movement type, and gaze posi-
understand relationships among actions and events, ah. For each type of maritime operation, an operationahsc
grasp operating insights. To better comprehend traine@gage 7 with dimensionsn xn is applied to post analysis as
behavior in the course of operation, a comparison of Vi static visual stimulus used for uniformed comparison rhode
sual attention between experts and trainees is conductggaplishment. Saccade and unknown type of eye movement
and the result is used as one of the evaluation indicai@ta are filtered out as there are no corresponding gazespoint
for the operation. mapped on the image. Only fixation data is remained and

Fig. 3 depicts the roles of experts and trainees, respégtivanapped to the local coordinate system/of

in assessment of visual attention. For each specific opetati A maritime operation due to its inherent sequence can
a questionnaire is given to experts. They are asked to splé expressed in stages és:= (01,0s...,0x ), Where K is
the task into different stages based on operational inheréme stage number. Instead of evaluating the entire operatio

quence [28]. The purpose is to simplify the comparison of
al attention stage by stage. The time period of critical
erations in each sub-task is annotated, indicating nftoe e

IV. OPERATIONSDEPENDENTVISUAL ATTENTION
ASSESSMENT



IEEE TRANSACTIONS ON INDUSTRIAL INFORMATICS 4

where 7 is the leaky rate and denotes the scale factor of
weight.

A spatial attention density for the reference expert is de-
signed as the weighted mean of an overlay of his/her gaze
positions on the static stimuli:

N
- Zi=1 w(ti)g(p:) 4
p = 2=t ZDIPY) @)
Zj:l w(t;)
Hereg(+) is the bidimensional Gaussian function:
|
| | 1 _llp—pill?
: | 9P0) = grgz® > ®
|
: ;"od of eritical ' wherep is the spatial coordinates of imagdgo is the Gaussian
peration o N K .
! SartoT critioal standard deviation, representing how wide the gaze points
h@® I |/ operation t are affected over the image. In eye tracking community,

is commonly accepted to be set in pixels corresponding to
Fig. 4. An example of attention map generation. Green regiotical 1° Of visual angle [14]. Thereforey is determined by the
operation for approaching the rig. Red region: criticalragien for orientation experimental setup, such as the viewing distance and the
keeping in DP mode. screen si
1ze.
An example of how to generate the operations-dependent

directly, the following assessment is designed for eachestaftténtion map is shown in Fig. 4. It is a ship maneuvering
of operationoy. It is a kind of pair-wise comparison that the'@Sk- The operator is asked to first steer the ship toward
eye-tracking data from an expertwill be taken as a reference "¢ 19 and then start dynamic positioning (DP) when the
to evaluate the eye-tracking data from the trainee. Once p |s.close enough to_ the rig. Smce .there IS anoth_er vessel
degree of saliency similaritys(e;, 01,) in o, based ore; is which is also approaching the rig during the operation, two
computed, the overall evaluation can be obtained by: critical operations are |_dent|f|gql. The first one is _the c-Iosg
range maneuver to avoid collision; the other one is the ship
1 E orientation in DP mode. They are represented in the timeline
5= Z glgg ss(ej, or) @ in Fig. 4 as a green region and a red region, respectivelyeThe
k=1 is a clear shift of attention at the time of the completion of
where E is the expert set. Higher value e indicates more the two critical operations. This is consistent with Eq., @
similarity of visual attention compared to that of expensla the gaze points in these two time periods have more effect in

thus a better operational performance by the trainee. generating the attention map.
B. Operations-dependent Attention Map C. Saliency Similarity Assessment
For the reference expert; in the stage of operation, The proposed saliency comparison method is akin to the

the eye movement is modeled as a sequence of gaze poiirid method in [14] but attempts to make a comprehensive
P := (p1,ps...,pn) along the time linel” := (ty,to.... tx), evaluation regarding how similar the transitional patseamd
where N is the number of gaze samples. Each gaze poit,lﬂe saliency in AOls betwee_n the expert anq the trainee.
p: is within the image dimensions: x n. Because the eye Suppose 'there ar®& AOIls defined by experts in the stage
tracker has a dynamic sampling rate up to 50 HZ, the intervl OPeration, A := (A, Ay, ..., Ar). The AOIs are treated
AT := (Aty, Ao, ...Atx_1) iS NOt a constant vector. as polygons and thus it is simple to extract an AOIs mask.
As mentioned in Section Il critical operation accounts fol "€ combination of the AQIs and the generated attention map
higher attention during the stage of operation. Here wegsep enables a visualization of AOI hit with its attention dewsit
a weight metric that classifies the temporal ordering of ga#e time domain. On the other hand, the attention density in
points into two different levels. Given the event triggenei AOIS can be processed with different thresholds, forming a
tin andt,,;, representing the operating time when starting arfifferent density level of salient areas (SAs). As a redti,
ending the critical operation, respectively, an event shis degree of saliency similarity can be evaluated in each @pati

function h(-) is introduced: temporal block. Fig. 5 is an example of the evaluation preces
for a trainee in the ship maneuvering task. Note the trainee
1 0f i <t < tour has his/her own weight profile. The degree of similarity esri
h(t:) = 0 otherwise @) with AOI hit number, switch between AOls, and distribution

in SAs. The following describes the similarity metric foreth
To avoid abrupt change on the weights of the gaze pointswhole stage of operation. The similarity computation inteac
leaky integrator is utilized [29]: spatial-temporal block can be deduced accordingly.
w(tio1) The switch between AQIs is a \{a_lid indicator used for scan-
Aw(t;) = {—f +rh(ti—1)}Ati—q (3) path comparison [30]. Therefore, it is used here as a parteof t



IEEE TRANSACTIONS ON INDUSTRIAL INFORMATICS 5

3 = mw Lol L DA

m()[r)lgnr L l‘ j t
>

T, T, T, Ty Ts

Salient area

SA;: 20%~40% SA;: 40%~60% ﬂ
JUEN

S
D

Similarity

SA;: 0%~20% SA4: 60%~80% SAs: 80%~100%

SA,
SA;

Time period T4 SA.
Ts"sa,

Salient area

Fig. 5. An example of assessing saliency similarity by consideboth temporal and spatial characteristics.

comparison metric. The transitional modefor the reference The metric has a theoretical upper bound of 1. #&nvalue
expert has aR + 1) x (R + 1) tabular representation. Theclose to 1 would indicate a good performance of visual
extra dimension is due to the gaze points falling outside tla¢tention by the trainee in the maritime operation.
AQIs. Each elemeng(i, j) is computed by accumulating the
number of transitions fromd; to A; and then regularized by
dividing by the total number of visits. Assume the subseript
a andb denote the expert and the trainee, respectively. Givén Heavy Lifting Operation Test
the transitional modep, and p, from the reference expert, A case study of a heavy lifting operation was conducted
and the gaze point sequen@e=(qo, q1,q2--,qn) (qo iS the in our maritime operation simulator (see the deployment in
duplication ofg;) and weight profileu, from the trainee, the Fig. 1). Fig. 6a shows the operation scene for a crane driver
similarity score for the trainee is designed as the weight@gl the simulation dome. The task, as illustrated in Fig. 6b,
mean of convolution off, and p,: is to use a 250 tons knuckle boom crane to lift a 80 tons
N suction anchor with a height of 20 m and a diameter of 5.3
fp= Dt wolti) Ba(v(gi-1),7(4:)) pali) ©6) m from the deck of an offshore construction vessel to a 100
b Z?ﬁff” wp(t5) m deep seabed, and reverse the operation until the anchor is
‘ placed and secured in the fastening structure on the deck. We
where(-) is the function to convert the coordinate point int&¢hanged the environmental disturbance by gradually isanga
the index of AOI where it falls. The metric can be interpretethe significant wave height from 0.5 m to 2 m during the
from two aspects. First, from a spatial viewpoint, it evaédsa operation. The operating challenge lies in the considerabl
how close the trainee’s gaze points are compared to thayeng of the anchor and the difficulty for the operator to set
of the expert by projecting them onto the expert's attentighback on deck.
model, i.e.,3, and p,. Second, from a temporal perspective, There were two expertwith about ten years of operational
wy is closely coupled with the time period of completion ofxperienceand ten trainee participantgho have four to six
critical operations by the trainee, which results in a timeyears of operational experienitethe experimentThe trainees
dependent metric. In order to eliminate the dependency, thke considered having the same level of ability to accept,
metric is divided by an accumulated weight which corresgondnderstand and utilize the information for trainifithey were
to the operation time by the trainee. divided into three groups: expert group = {e1, ez}, group
ConsideringJ; is an absolute measurement of gaze poin@1e G1 = {s1,5s2,...55} and group twoGiy = {sg, 57, ...510}-
of the trainee applied to the expert's attention model, & hd he difference betweefi; andG. is that in the briefing phase,
no explicit upper bound [14]. A feasible improvement is t&rainees inG; obtained detailed information about “critical
make another measuremefi to evaluate the expert's gazeoperations”, such as the AOIs in Fig. 7, the risks in opergtio
points on his/her own attention model. This can be achiev@fd the visual focus to ensure safety; whereas for trainees i
by substituting gaze pointg with P, andw; with w, in Eq. 6. G2, they were only verbally told the potential risks for the
In this way, we can provide the saliency similarity metric agperation The purpose is to test how the information would
a relative measurement for the stage of operation (recall taffect their visual attention.

V. EXPERIMENT

denotation of the expeit; and the stage of operatian, in Based on experts’ survey responses, the task is divided into
Section IV-A): four stagesD = {01, 02,03,04}, as shown in Fig. 6¢. In stage
fo 1, the anchor is lifted and swung out over the side of the ship.

ss(ej,or) = I (7) Stage 2 includes descending the anchor until it is completel
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Stage 3

The best record
The worst record

-

tceceed

©

Fig. 6. Operation scene in dome (a), overview of the opergtipnand task 60 80 100 120
division (c) for the heavy lifting operation experiment. Scale factor

Fig. 8. Selection of weight scale factor fer in o;.

TABLE |
AOIS AND CRITICAL OPERATIONS IN THE HEAVY LIFTING OPERATION
Stage  AOIs Critical operation B. Generation of Experts’ Attention Maps
01 Ay ~ Ay, Ag Initial lift of the anchor . ) . .
09 Ay, As, As Stabilizing swing when descending ‘From Section IV-B, experts’ attention maps are fassomated
03 Al ~ As Slow speed when landing to seabed with the leaky rater, the Gaussian standard deviatiprand
04 A1 ~ A4, Ag _ Stabilizing to place on deck the scale factor of weight. In this case studyy is set to 1

and p is set to 20 pixels according to the visual angle at a

distance of 1.5 m. Setting of has a great influence oss.
sunk. In stage 3, the anchor continues to descend to thedsealhesmaller weighting factor does not reflect the importance
and then is lifted up to water surface, where it is followedf visual attention of critical operations; but an excessiv
by stage 4, i.e., stabilizing the anchor and placing it on theeighting factor leads to the convergence saf indicating
deck. In addition, Fig. 7 illustrates the AOIs defined by than over-reliance on the visual attention of critical opierz.
experts. The AOIs in different stages, in conjunction wite t  Here an empirical method is applied to determindor
corresponding critical operation, are depicted in Table I.  each stage of operation. For traineesojn the variation of

Data was collected by our developed software [31] and the(e;, 0r) with the growth ofr is observed. Two records

gaze points were mapped to the image shown in Fig. 7 withngth the largest difference of convergence value are sedect
pixel size 0f1210x1047. Table Il lists the operating result for Suppose the difference of convergence valuk.igVe increase
the three groups. Note that here “AOI hit rate” is the ratio of until the similarity difference of the two records equaldfha
AOI hit between the critical operation and the entire ogerat of L. Fig. 8 is an example of selectingfor e; in o,. Note
There is no significant difference for the entire operatiomet if there exists an intersection between the two records, the
of trainees inG; and G,. This reflects that the operationselected- should be after the intersection; otherwiseshould
time is not an efficient indicator for the assessmdmhinees be chosen to make the difference of the two records equal to
in G2 used more time to cope with the critical operationgr close to 50%.
however, longer operation time does not increase their AOIFig. 9 illustrates the snapshots of the heavy lifting operat
hit rates. This implies that inGy there are a few improper from the experts and the traineesccording to Eq. (2)-(5),
visual focuses appeared in the critical operatiime following experts’ attention maps are generated, as shown in Fig. 10,
sections will analyze the visual attention of participaintsn together with the scale factors for the four stages of the
the three groups for the heavy lifting operation. operation. Iy, both experts paid attention to the crane tip, the
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TABLE I
STATISTICS OF OPERATIONAL RESULT FOR EXPERTS AND TRAINEEEM + SD).
E G G
Stage  Total op. Critical AOI hit Total op. Critical AOI hit Total op. Critical AOI hit
time [s] op. time [s]  rate [%] time [s] op. time [s]  rate [%] time [s] op. time [s] rate [%]

01 70.0+14.1 21.5+49 373+£6.6 76.6+10.1 248+78 365+£6.8 84.0£121 296+11.8 322+74
02 108.0+17.3 220£28 252+24 129.0+£26.2 264£6.7 19.0+3.2 11744335 31.1+£85 16.6+3.9
o3 968.0+1358 195+0.7 28+0.3 11428£55.0 20.8+3.0 2.1+0.6 1070.4+83.3 21.7+5.2 20+1.1

o4 429.5+70.0 178.0+£9.9 53.6+£11.9 501.2+86.7 188.0+16.6 46.1+7.3 5224+63.5 212.1+£19.5 44.5+12.7

G,

Fig. 9. Snapshots of the four stages of operation from participentee three groups.

monitor in the lower left corner and the swing of the anchoof operation is relative simple, even though it account$€s%
There is a small visual attention differenceds in that one of the entire operation time. The visual focus has no apparen
expert cared more about the crane tip while the other focusdifference between critical and noncritical operation,tlas
more on the immersion of the anchor. The monitor in the lowéwer left monitor is the most noteworthy area for receiving
left corner was the main concern for both expert®4nOnly underwater sensor information. Nevertheless, note thygdteni

a few fixations were put on the crane tip by one of the expertaean ofss is obtained ine;’s model. The difference stems
Due to environmental disturbance, visual attention wasemdirom the difference of attention maps iy between the two
focused on placing the anchor in the fastening structure erperts.

deck inoy. The result reveals that experts’ attention maps areThe most difficult part of the task is iny, in which up
almost consistent with the AOIs they defined in Fig. 7. to 40% of the time was used for critical operation. A higher
mean ofss in ey’s model, which is similar to the case in
and o,, is observed. This is attributed to higher AOI hits in
Ag than in Ay or As, as shown in Fig. 10.

We compared saliency similarity of/y; and Gy in e;’s In addition, the difference ofs betweenG; and G5 is
and ey’s attention model for the four stages of operatiobbvious in Fig. 11. Trainees i@; obtained a higher mean of
respectively, and averaged the degree of similarity by EJy. (ss in each stage of operation and therefore achieved a better
The mean and the standard derivation (SDyoffor G; and result. By contrast, trainees {#, obtained a higher SD ofs,

G, are illustrated in Fig. 11. which implies they did not know what to focus on and hence

It is noted that for bothGG; and G, the mean ofss in  more free viewing was performed during operation. In fact,
e2’s model is higher than that ofs in e;’s model ino;. The Table Il already roughly reveals the inferior performande o
difference is due to the similarity score collected Ag. In visual focus, i.e., they obtained a lower AQOI hit rate althou
particular, when the AOI hits are located near the fastenitigey used more time in critical operation. Nevertheless, th
structure on deck, fewer similarity scores will be collectequantified saliency similarity metrigs in Fig. 11 provides a
in e;’s model by comparing the attention mapsafshown more comprehensive comparison rather than AOI hit rate.
in Fig. 10. The same situation occurred 43 in oy, which Besides the overall comparison in Fig. 11, it is also interes
indicates trainees preferred to focus on the swinging anching to gain insight into individual visual attention if nessary,
in As, paying less attention tdg, i.e., the crane tip. e.g., to investigate why the traineedi obtained the lowests

In o3, both G; and G obtained the highest mean 6§ in e;’s model ino.. Fig. 12 depicts the AOI hit with attention
among the four stages of operation. This is because thig staglue for this record. The trainee used about 29s for clitica

C. Saliency Similarity Comparison
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01 | 02 | 03 | 04 | (0]
URTRERTINRY ~ PR Py .
| | | |
0.6 | | | |
e | | | II | | I
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| | | |
02f 1 1 1 l ~_ Critical
I I I I operation
PRI I I A Ay . Lo N
DA d DA DAY DA 9,0 0 20 40 60 80 100 120
MOIRY [RMORY [RIORY MOIRY Y Time (5)
Fig. 11. Statistical result of saliency similarity F6f; and Ga. ) . ) .
g Y y o 2 Fig. 12. AIO hit of the record with the lowests betweenGa—e; in o2.
operation. There are plenty of AOI hits it5 but sparse AOI TABLE Il

hlts In Al and A3 From Flg 7 anwl’s attentlon map |m2 DISTRIBUTION OF AOI HIT RATE AND ss FOR THE SAMPLE WITH LOWEST
. . . . . BETWEENG2—e1 IN 02.
shown in Fig. 10,45 is full of low attention density, andis s arer e

contains a relatively high attention density. This indésafOl SAS AOI hit rate ss
hits in A5 have limited contribution t®s. Table Ill sums up — C”gcf‘7'5°p' NOH%ri;iggl op. Cri(t)iczagoor)- Non%ritliggl op.
. " o . ~20% ) ) ) )
.the. AOI.hlt rate ancss valges of crltlca_LI/noncrmcaI operation ,io." “oo, 0002 0.018 0.008 0.009
in five different SAs for this record. It is observed that 78% 0 10% ~ 60%  0.000 0.003 0.000 0.002
AOI hits are located in ©20% of SAs in noncritical operation 60% ~ 80%  0.000 0.001 0.000 0.001
80% ~ 100%  0.000 0.021 0.000 0.012

but they contributes only about 30% &f. Due to the weight
scale factor, AOI hits in this SA in critical operation (mast

located inAs) contributes almost all of the rest . The key L ) . .
reason of lowss for this record is the lack of AOI hits in high dePriefing that trainees itr; performed better than trainees

value of SAs in critical operation, e.g., as Fig. 12 suggesfg G». Note the visual attention assessment here is not the

the trainee did not pay attention #; at all during the critical final resu!t for the op_er'ation. As illustrated in Fig_ 2,.it dadu
operation. be used in the debriefing phase as one of the indicators for

comprehensive evaluation.
The case study verifies the effectiveness of the visual -atten
tion assessment in the expert-in-the-loop training fraoréw
Although performing free viewing in the operation mayHowever, there are some subjective factors in the assessmen
obtain a highss (e.g., the trainee i7s with the highest overall procedure that may affect the results. For example, deter-
ss of 0.78), the case study reveals that emphasizing “criticadining the trigger time of critical operatiort;{, andt,,; in
operation” in a briefing phase can attract more visual foclsy. (2)) is crucial toss but difficult to identify preciselyEf-
into the proper AOIs and thus increase the ovesallvalue forts can be made towards the refinement of the questionnaire
(e.g., trainees inG; and G, with an overallss of 0.77 and as well as a further confirmation of the trigger time in a sfieci
0.71, respectively). This is consistent with the conclnsio operation with the help of experts, to minimize the impact on

D. Discussion
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the generation of the attention manother factor is the AOls
defined by experts. Their importance may be not fully refiécte
in experts’ attention models, e.g., Fig. 10 shows both dsper
focused little attention om; in os.

In addition, the assessment procedure will be time consunifl
ing if the number of experts increases, as it is a pair-wise
comparison method. To avoid this situation, it is possilole t
establish a mixed attention model by combining the attentiol®]
model from each expert and optimizing the mixed model via
evaluation by the experts themselves. [10]

To sum up, if a well-tuned mixed attention model is
created and the subjective factors are thoroughly comzitjer[ll]
the expert-in-the-loop framework for training personnet f
maritime operation can be highly effective.

(7]

(12]

VI. CONCLUSION

In this paper, we make use of expertise and experienﬁg]
of maritime operations to model and assess visual attention
in an expert-in-the-loop training program. As a fundamen-

- 2 ” L 214]
tal of the training program, expertise is utilized to divid
the task, identify critical operation, and define AOls. Each
expert's visual attention is modeled from both spatial ariéP
temporal perspectives, forming a weighted attention map an
a transitional pattern between AOIs. A saliency similarity
metric is designed that accounts for trainees’ fixation undg®l
the transitional pattern and its attention density in theghted
attention map. Assessment of visual attention in a heatimdif
operation is carried out. From the results using two groups 7]
trainees, we conclude the proposed method is valid to assist
the training program of maritime operations. Future work
will be focused on the optimization of weight scale factolt8]
using more objective criteria, as well as the developmera of
mixed attention model according to experts’ experiencéé t
simulator. (19]
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