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ABSTRACT

Human factors engineering is a key parameter ihfigrformance Marine Craft (HPMC) design since the
human tolerance to working conditions aboard, ot,fdecides the operational limits. So far, thaaiefcy

of the knowledge on how the crew is influenced oy Wworking conditions in terms of health risk anorkv
performance has lead the designing process to l@fibre incorporating the human element when
determining these operational limits. Knowledge tloa relationship of the physical and perceivedoskpe
conditions and on risk factors for health and woekformance impairments, would open up possibslitar
drawing the operational limits at the design staige providing feedback to the crew during operatidrhis

is investigated in a research program and the ustedy pilot test a set of High-Performance Mar@raft
Personnel (HPMCP) in order to collect data on tkirk exposure, health and performance impairments.
The study collects subjective and objective datd mvestigates their correlation and the potentisk
factors. Although the amount of data collectedas timited to draw direct conclusions, the pilostte
confirms the feasibility of the set-up and the noetigiving good inputs and experience to the reseamew.
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outcomes in terms of systems performance and

1. INTRODUCTION occupants’ health.

In attempts to incorporate human factors in the
design of High-Performance Marine Craft (HPMC),
it has become evident the deficiency of the

The pilot test is designed to correlate physical
and perceived working conditions identifying
performance and health related risk factors by

knO\l/(\(Iedge ?ﬁ[ hOW. tr:e Crveth |r|1:rl]ugnl(<:ed dby thf collecting objective and subjective work-exposure
working conditions in terms ot health nsk-and work: 4. and subjective performance indicators and

performance. The latter is expected to Je()F)"’Irdlzeheath data. In the event objective and subjective

the system performance as well as safety at Seadata correlate, either can be used to level the

wherg crgws aqd passengers are demanded fOgeverity of the working conditions aboard.
physical fitness in order to successfully complete Moreover, if risk factors can be linked to conditio
their missions. In the context of simulation-based '

desian. th t stud fitut lotdbat severity it will be possible to depict risk relatex
eS|gn, . € preseq S .u y constitutes a priotaea the conditions perceived and measured onboard or
longitudinal investigation of work exposure, health

d f i High-Perf Mari predicted at the design stage. The latter can && us
?:n t pF()ar orman::e HII:MCIIZ? -T(;r orrPetjnceh ak;me to adopt the speed reduction curve to human health
raft_Personnel ( ).' € study has been,q performance while the former to crew guidance

started by KTH Royal Institute of Technology in

: . . . during operation.
collaboration with Karolinska Institutet, the
Swedish Coast Guard and Institute of Aviaton  1N€ paper attempts to identify the correlation
Medicine Norway, which is a part of an ongoing between subjective and objective data while
program  investigating  relationship  between discussing the lessons learnt from the process.

working conditions aboard HPMC and the
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2. METHODS is installed on the mast. The data acquisition isnit
secured inside a water proof cover on the base of

_ _ _ the mast. The accelerometers are calibrated before
The set-up is designed as a field research onye installation and considered reliable.
HPMC crew in operation, a sample of eight

Norwegian Special Operations Command officers
during an eight weeks exercise where HPMC are
operated as a part of the program. Craft acceterati
and GPS data is objectively recorded by vibration
measurement systems installed onboard while work
related exposure, performance and health data i
subjectively collected via web-based
questionnaires.

Study design

Instrumentation and data collection

Four HPMC, 11.25m rigid inflatable boats
(RIBs), are instrumented as shown in Figure 1. Two
craft are fitted with two measurement systems, oneFigure 2: Vibration measurement system.
in the driver and navigator area and the otherimne _
the passenger area. The remaining two craft are Although the measurements are intended to be
installed with one measurement system on each dugtarted as the craft ignition key is tumed orthis
to the limited availability of the instruments. The test, ,a separgte ?W_'tCh Is installed due to some
six measurement systems, Figure 2, specificalIyteChn'Call confidentiality concerns.
designed for the purpose, are prototypes consisting Self-reported data is collected by two sets of
of one tri-axial accelerometer, two single-axis web-based questionnaires, [de Alwis et al. 2016 and
accelerometers, GPS antenna and a data acquisitid@ Martire et al. 2017], hereinafter referred toQs
unit with eleven input channels. The system recordsand Q2 respectively. Q1 collecting demography,
acceleration and GPS data at 600Hz and 1Hdife-style, work-exposure and health data, is

respectively and stores on a local memory. answered at the beginning of the study by every
subject as a base-line questionnaire and considered
o Tri-axial as a reference data set. Q2 consists of two modules

ok ® Singie-axis of which one module measuring work exposure and

IR 'j f‘ S performance indicators is answered daily after each

work shift and the other module for
musculoskeletal pain is answered weekly during the
d exercise. The daily module of Q2 is answered
(EJT =—— regardless their activities, i.e. seaborne or Atit.
:{ : the questionnaires are completed on the subjects’
e e personal smartphones. The data is collected for two
[ — months.

Figure 1: Instrumentation of craft. Analysis of data
Tri-axial accelerometers are fitted on the floor The subjective health impairments are assessed

in terms of revalence and incidence of
at the center-line, one in between coxswain and P

navigator seats and the other in the passenger are rgusculoskeletal pain. Prevalence, i.e. existence of
as shown in Figure 1. The two single-axis pain, is determined under ten major body areas and

expressed as the number of subjects havin ain
accelerometers, measuring vertical accelerations P ! gp

are mounted each on the coxswain, navigator andju ing the past six months and seven days.
. cidence, i.e. occurrence of new pain events
passenger seat frames below the cushions. GP3 ™. fic i iod. i tinized K
antenna, logging longitudes, latitudes, speed,ssur u(r]:n?ha speciic |m3 perloth, IS scrublnlzef W@IE. "
over ground and coordinated universal time stamp,an €n expressed as he humber ot subjects
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incurred new pain events during the entire eight-  Of 80 responses, 27 are related to non-seaborne
week exercise program. Musculoskeletal pain dataactivities.

is collected .usmg a .hlgh resol.utlon pain areas . .. .- nealth status

scheme having 18 different pain areas and the

results are merged and presented under ten major According to the data collected by Q1, 7 out of
body areas. 8 subjects got musculoskeletal pain in different

body areas considering the past six months period
whereas majority of them, 5 out of 7, having neck
and lower back pain. Prevalence of musculoskeletal
bain in different body areas considering past 6
months and 7 days is provided in Table 2.

The subjective performance impairments are
evaluated using a fatigue symptoms based
aggregated scoring system developed in de Alwis e
al. 2016 and lo Martire et al. 2017, and preseated
the number of fatigue symptoms. The fatigue
symptoms based aggregated score system wagable 2: Prevalence of musculoskeletal pain in diffent
developed considering the correlation of five POy areas considering past 6 months and 7 days.

fatigue  symptoms: tiredness, concentratioh  pain Area Number of Subjects
eeps . .. . L 6 months 7 days
difficulties, decision making complications, [ack 5 0
headache and motion sickness with the perceivedower back 5 0
ride quality. Head 2 1
. . . Knee 2 0
The subjective work exposure is mainly| Lower leg 2 0
measured as perceived ride quality by 4-pointShoulder 1 0
ordinal Likert rating scale quantizing perceivedri lEJIFE)F:)?/\: back 01 oo
quality as 1 = Very smooth (good comfort with N0 Forearm and wrist 0 0
or very few bumps, 2 = Smooth, 3 = Rough, 4 = Hip and thigh 0 0
Very rough (considerable discomfort or strain as a
result of sea state, vessel speed, or both). It can be seen from the results that only one

The obiecti ibrati q person was having head pain during the past 7 days
€ objective vibration exposure, measure asperiod. The occurrence of new pain events during
acceleration, is quantified by daily equivalentista

the eight-week exercise program are shown in
compression doseS§), [ISO 2631-5:2004]. This J Prog
: Table 3.
method considers adverse effects on the lumbar

spine as the dominating health risks of exposure torable 3: Occurrence of new pain events during eighiveek

vibration containing repeated shocks. exercise program
Pain Area Number of Subjects
All eight subjects have answered Q1 and th,h%";gr back i’
daily part of Q2 where only six have answered theyee >
weekly part of Q2. The response sequence can peower leg 0
seen in Table 1. Shoulder 1
Upper back 4
Table 1: Response sequence of Q2. Elbow 1
Forearm and wrist 2
Number of Responses Hip and thigh 0
Respondent -
ID Q2 — Daily Q2 - Weekl
Atsea | Notatsea| 9% Y Four subjects believed that the cause for their
P1 6 0 15.0 1 pain events was work at sea.
P2 1 0 2.50 2 _
P3 1 1 5.00 0 Table 4 shows the measured and perceived
P4 6 0 15.0 3 vibration exposure and the performance indicators
ﬁg 122 i’ ;'25;8’ é during the first four weeks of the exercise.
Py 14 11 625 2 Subjective data is not available on certain days.
P8 11 9 50.0 6 Vibration levels on the craft floor indicates about

* Calculated considering Norwegian occupational regtibns

demanding an average wo-day rest per week. the exposure without a shock mitigation seat.
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Table 4: Measured and perceived vibration exposure ral Figure 4 shows that, although no subject has
the performance indicators during the first four weeks. . .
experienced more than three fatigue symptoms,
s [MSFE’;] there is a correlation between the fatigue scote an
’§ E a .® the measured acceleration exposure.
a . E £ 3
E 3 8 5 € 5 @
< 8 8¢ T § § > 9
[) = =3 = n 9—, x ) 2
o s co g c @ @ e T 8
= o <& o© o € - X
7 °
0.5 P7 D VS 1
W1-D1 C2 1.6 0.6 6
0.5 N - - ° °
08 P5 D 1 g°
wi-Dl1 C5 22 07 =, .
05 P8 N VS 2 =
Y
19 P7 D VS 0 @3
W1-D5 C2 0.6 2.1
17 - N - - Ze °
1.8 P5 D R 1 1 °
Wi-D5 C5 05 22 s °
1.9 - N - - 0
08 - D § § 0 1 2 3 4 5
W1-D6 C5 0.4 0.8 Number of fatigue symptoms
0.9 - N - -
W1-D7 C5 03 0.3 2'2 P I\EI) Vs 1 Figure 4: Acceleration exposure relative to fatiguescore.
waps C1 82 65 >4 P5 D R The response of the fatigue symptoms based
' ~ 69 P8 N R 3 aggregated scoring system to the perceived ride
42 P5 D VR 2 quality is shown in Figure 5.
W3-D4 Cl1 53 54
55 P8 N R 3 o
11 - D - - o |
Ww4-D2  C3 13 1.7 s |
12 - N - -
£ 7r
07 - D - - <.
w4-D5 C3 3.0 11 2 °
07 - N - - 55|
12 - D - - £t
W4-D6 C5 15 1.2 23t
12 - N - - L1
* W — Week, D — Day of the week -
~+ Fatigue score - Number of fatigue symptoms . l
D - DriVer, N - NaVigatOr Very Smooth Smooth Rough Very Rough
S — Smooth, VS — Very smooth, R — Rough, VR — \fenygh )
_ Data not available WO W1 2 3 W4 M5 [Number of fatigue symptoms]

Perceived ride quality shows a correlation with Fi9Ure 5: Response of the fatigue symptoms based
aggregated scoring system to the perceived ride gits.

the measured acceleration exposure as can be seen

in Figure 3. The results show that the number of subjects
with 0-5 fatigue symptoms scores is proportional to
the self- reported ride quality.

8 r
7r °
° . 4. DISCUSSIONS

Eight Norwegian special operations command
officers answered two web-based questionnaires
providing data mainly on work exposure,

° ° musculoskeletal pain and performance indicators

° during a period of two months. Simultaneously
acceleration data was also measured aboard the
craft they operated.

Sed [MPa]
N w = w ()]
)

-
T

Very Smooth Smooth Rough Very Rough
Ride Quality

Pain prevalence data during past 6 months

Figure 3: Acceleration exposure relative to self-eorted shows that the body area based pain prevalence
ride quality.
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distribution differs from the general population, It was found that the vibration measurement
[Brattberg G et al. 1989, Fejer R et al. 2006 andsystems lack the requisite robustness to withstand
Hoy D et al. 2012]. Prevalence of neck and lowerthe rugged environments. Some of the devices
back pain is higher than that of the general stopped recording data after experiencing large
population. Since in Q1, the subjects reported thatimpacts and two systems completely broken during
they had not experienced any pain during the past The first four weeks of operation. The objectivéada
days, it was decided that they had no prevailingcollection was affected by this issue since thétcra
pain, except head pain, at the time of starting theinstalled with these defective instruments had been
exercise. Most of the subjects got neck pain duringused for the exercises in many occasions. In certai
the exercise followed by upper and lower back cases self-reported data suggests that the duration
pain. of operation was about seven to ten hours per day
Since Figure 3 and 4 indicates that the where the measurement systems have recorded data

subjective ride quality and the performance fOr less than an hour. Moreover, GPS data
indicators (fatigue score) correlate with the confirmed that the subjective data is correct.
measured acceleration exposure, the perceived riggurthermore, it was identified that the objective
quality can be used to grade the exposure severit;}"brat'on data was not available, in some occasions
as well as performance degradation, in the absenc@S the crew had forgotten to switch-on the
of measured vibration data. measurement system.

It is observed, in Table 4, that in most Another problem was the confidentiality of the

occasions, despite the fact that driver and nasigat POPulation which hindered identifying the actual
had used shock mitigation seats, their vibration®@sons for the missing data, for instance, the day
exposure levelsY,) exceed the upper limit for the when objective data is available but the subjective

lifetime exposure, i.e. 0.8 MPa, [ISO 2631-5:2004]. data is not and vice versa. It was also revealad th
This tends one to think that there might be a the subjects were not allowed to access their ghone
relationship between vibration exposure and theduring several weeks due to which the study lost a
health impairments in HPMCP, since the pain large amount of subjective data. Availability of
incidence is high. This relationship could further cellular network was also another critical issughwi

investigated using a summary score of weeklythe data collection when the subjects spend maltipl
vibration exposure with pain incidence or pain days outin the sea or forests.
intensity data. During the eight-week exercise program, the
It is interesting to see, in Table 4, that percgive StUdy Subjects had participated not only in HPMC
ride quality of the navigator is lower than that of OPerations, but also in other activities such as
the driver operating the craft. This might be doe t funning, diving and parachute jumping, which
individual perception differences or the navigator coUld  significantly —affect their health and
was concentrating on the navigation panel. A performance. It was difficult to account these
similar trend is observed in the other exloosureeffects in the analysis since their training schesiu
categories such as sea conditions, wind conditionsVere confidential.
noise level, temperature, sea spray and visibility. Even though the number of subjects was only
certain case&y levels on seat are higher than the eight, the results indicate correlations between th
levels on craft floor, a reason for which could be subjective and objective data which could be
the varying body posture found by the daily part of further improved by studying larger populations.
Q2, i.e. mainly sitting, but standing in rough sea Taking into consideration all the above aspects
conditions. This problem could be addressed byKTH in collaboration with Karolinska Institutet and
introducing a sensor to the measurement system fothe Swedish Coast Guard has now started the main
indicating the occupant's posture, for instance, study of investigating work exposure, health and
sitting or standing, which will provide information performance of HPMCP and quantifying their
on another objective and subjective relationship, i association using measured vibration environments.
body posture. Q1 and Q2 has now been updated based on the
inputs received from this pilot study and more
robust instruments have been occupied based on the
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lessons learnt. As a study population coast guardé. ACKNOWLEDGEMENTS

are mainly involved with sea going activities and  jan |var K&sin of Institute of Aviation Medicine
the other activities affecting their health and Nopyay is acknowledged for coordinating the pilot
performance are comparatively less. The populationest with the subjects and calibrating the vibratio
is sufficiently large and the mission-confidentigli  ,aasurement systems. Acknowledgements  to
is relatively onv. The datg collection h'as already Norwegian Special Operations Command officers
been started with the baseline data set, i.e. Q1. for their participation in the pilot test as study

subjects.
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