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Maximizing Shipboard Human Performance

¢ Operator-technology interaction is continually affected
by the ship environment: provocative motion, fatigue,
work and rest space design, motion sickness, vibration,
noise and temperature

¢ Human performance is degraded on a moving platform

¢ By purely physical limitations'such as standing,
walking and working while undergoing whole body
motions imposed by heavy seas

& By fatigue, motion sickness and degradation of
mental performance, increasing the potential for
task inefficiency and personal injury
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Seakeeping (contd.) — LOSS of Fighting
Effectiveness, 3000 — tonne Frigate (108 m)

Wave

Sea State bt (m) Effect
1-4 Up to 2.5 |Nil
5 25 _4 Inconvenience, work takes longer.
' Some effect on sensors. RAS difficult.
Up to 2 crew sick. Sleep difficult. All
are tired, some exhausted. Helicopter
6 4—-06 operation difficult (quiescent period
only). Many weapon systems
degraded.
(and Over 6 | Ship is ineffective as a fighting unit.
over (Brown, 1985)
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Motion-Induced Sickness

¢ More than half of the population are susceptible to
motion sickness and practically everybody can be made
sick if provocative motion is severe enough

¢ Even after adaptation has taken place people can still
become seasick under appropriate conditions

¢ Competence on primary tasks is maintained during a
brief bout of motion sickness, but'not “secondary
maintenance tasks” (Birren, 1949)

¢ Individuals may make an extra effort to conduct their
primary task during short exposures

¢ Motion sickness is no different: at sea, in the air, etc,
and can be provoked by visual motion alone
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Relationship between the incidence of motion
sickness: percent emesis within two hours, wave
frequency and average acceleration during each
half-wave cycle, for vertical sinusoidal motion

(O’Hanlon &
McCauley, 1974)
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Approaches to Preventing or Mitigating
Adverse Effects of Ship Motion on Crew (contd.)

Approaches

Methods

B. Human factors
engineering

(Bittner & Guignard, 1984)

1. Arrangement and designs of
crew space

2. Location and orientation of crew
stations

3. Work and task design

4. Display control design and
placement

9. Optimization of ship
environmental factors

6. Individual anti-vibration devices




Summary of Motion Response Mitigation

¢ Level of provocative motion to which/the operator is
exposed should be reduced where possible

¢ Design of vessels can minimize exposure to (0.2 Hz)
accelerations causing highest incidence of seasickness

¢ Key workstations can be located near ship’s center of
rotation or along the main axes of the hull

¢ Workstation layout should be designed to minimize
head movement to reduce vestibular stimulation

# Sleeping quarters located in areas of mild ship motions
¢ External frame of reference could be provided
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Gross and Fine Motor Skills

¢ Gross motor ability (walking and standing) affected by
bodily direction in relation to ship’s heading due to
postural reactions

& Fine motor skills are affected by the type of task and
control used (trackball, mouse, touchscreen) and
accommodation (support for controlling arm)

¢ Continuous unsupported arm movement very seriously
affected

¢ Tracking tasks involving fine movements with
supported arms affected less so

+ Ballistic task involving digit keying virtually unaffected

¢ Operator interface aboard ships should be designed
around motion-resistant tasks 21



Cognitive Performance

& Work on ships is more mental than physical compared
with many years ago, so the effect of ship motion on
cognitive performance must be considered

¢ Cognitive performance not shown to be significantly
degraded in laboratory experiments

¢ Operators may maintain accuracy of primary task during
Initial exposure to provocative motion, but not for longer
duration

¢ Time course of performance decrements - step function,
not a slope function

¢ Sapov & Kuleshov (1975) reported degraded cognitive
tasks during early stages at sea; improved later 22



Motion-Induced Fatigue

¢ Motion-induced fatigue is a serious naval/maritime
performance problem (Colwell, 1989)

4 Severe ship motions can raise the crews’ energy
expenditure significantly as more muscular effort is
required to maintain posture as well as perform tasks

¢ Human response to ship motion characterized by
drowsiness and mood changes which cause operator
Inefficiency and accident-proneness

¢ Related to sleep disturbances due to ship motions and
possibly the sopite syndrome

¢ Folly to believe that crewmembers can “get used” to
coping without sleep and not incur performance
penalties - 8 hours of sleep recommended
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