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1. INTRODUCTION
The syndrome known as motion sickness or kinetosis occurs in a wide range of environments such as boats, cars, aeroplanes, spacecraft, trains, cinemas, fairground rides and virtual-reality devices. It is a normal reaction

in healthy people and is generally characterised by pallor, nausea, cold sweating and vomiting.   Other recog- nised  signs  and  symptoms  include  yawning,  increased  salivation,  burping,  flatulence,  changes  in  pulse  rate, epigastric discomfort, headache and dizziness.

2. SUSCEPTIBILITY
Whilst susceptibility varies widely from individual to individual, certain trends have been identified based on factors including age, gender, exposure history, vehicle control, drugs, fear and anxiety, alcohol and odours.

3. SENSORY CONFLICT THEORY
The sensory conflict theory claims that motion sickness can be stimulated in environments in which the motion and orientation senses (i.e. vestibular system, visual senses and somatosensory system) send conflicting infor- mation to the central nervous system. For sea sickness, the primary stimulus is generally considered to be low- frequency vertical motion in the axis of a standing person together with the lack of correlation between the motion sensed by the vestibular system and the visual senses.

4.  PREDICTIVE METHODS ISO 2631/3
This  standard  provides  “severe  discomfort”  boundaries  for  exposure  to  narrow-band  whole-body  vertical acceleration in the frequency range 0.1 to 0.63 Hz.

Motion Sickness Incidence
O’Hanlon and McCauley [1] presented a method of calculating the percentage of subjects who will vomit, the Motion  Sickness  Incidence  (MSI),  when  exposed  for  two  hours  to  a  constant-magnitude  sinusoidal  vertical acceleration using the cumulative normal distribution function, whilst McCauley and Royal [2] presented an extension of this method to include exposure time as a variable.

Motion Sickness Dose Value : BS6841
The British Standard BS6841 [3] Measurement and evaluation of human exposure to the whole-body mechani- cal vibration and repeated shock, defines the Motion Sickness Dose Value (MSDVZ)  as:
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where  a(t)  is  the  time-domain  frequency-weighted  vertical  acceleration  [m/s2]  and  T  is  the  total  period  [s]
during which motion could occur.

5.  KINETOSIS ACCELERATION
Whilst the incidence of vomiting for a given population is necessarily cumulative (i.e. cannot decrease) over a period of study, the instantaneous severity within a population may increase or decrease over time. Further- more, when the stimulus is completely removed, the well-being of the exposed population can be expected to
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return to normal.

Smith [6] described a new measure, termed the kinetosis acceleration, that is representative of the instantane- ous motion sickness severity within a population.  Prior to the development of kinetosis acceleration there were no methods available to continuously predict motion sickness.  The scope of the kinetosis acceleration formu- lation is limited to:


environments  in  which  the  stimulus  to  motion  sickness  is  low  frequency  (i.e.  0.1  to  0.5  Hz)  vertical acceleration;

subjects who are standing or seated with the z-body-axis (buttock to head) aligned in the vertical gravity

axis; and


subjects who are not habituated to the motion environment.

The  kinetosis  acceleration  is  particularly  suited  to  environments  in  which  the  magnitude  of  the  stimulus  is intermittent or changing with time. In sea-going vessels, such environments can occur when vessels are operat- ing in partially sheltered seas or making several course changes.

Cumulative Vomiting Incidence
Smith [6] presented an explicit relationship to calculate the cumulative Vomiting Incidence (VI) as a function of the peak kinetosis acceleration as:

The relationship between cumulative incidence of vomiting and the cumulative peak of kinetosis acceleration

is presented in Figure 1.
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Figure 1.  Cumulative incidence of vomiting as a function of the peak of kinetosis acceleration

Smith  [6]  calculated  a  correlation  coefficient  of  0.94  between  the  predicted  cumulative  vomiting  incidence using Equation 2 and the corresponding observed vomiting incidence by McCauley and Royal [2].

Illness Rating
The subjective “Illness Response” is obtained by averaging the response by passengers to the question “How are you feeling” with choices 0 = “all right” through to 3 = “absolutely dreadful”. Smith [6] developed empirical relationships that estimate the illness response for groups such as males and females.

6.  FIELD STUDIES
During the course of the research, field studies have been carried out on two maritime training vessels, two passenger ferries [4], two wavepiercing catamarans [5] and a naval destroyer. In these studies, the motion of the vessels was recorded and the response of passengers (or crew) obtained.

Furthermore, Smith [6] presents an analysis of the combined data from the two passenger ferry studies using both the instantaneous severity measure, kinetosis acceleration, and the cumulative incidence measure, motion sickness  dose  value.  This  analysis  included  the  surveyed  response  from  692  passengers,  recorded  over  43 separate trips ranging in duration from 25 minutes to 210 minutes.
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A sample r.m.s. vertical acceleration (Figure 2) recorded on a wavepiercing catamaran, together with the corre- sponding motion sickness dose value (Figure 2) and the kinetosis acceleration (Figure 3) are presented below. The zero acceleration during the course of Figure 2 corresponds to the vessel being docked.
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Figure 2.  R.M.S. Vertical Acceleration on a wavepiercing catamaran.
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Figure 3.   Corresponding kinetosis acceleration calculated from motion recorded on a wavepiercing catamaran.
7.  PASSENGER COMFORT METER
A prototype has been constructed. It takes an accelerometer signal and continuously calculates parameters such

as  “percentage  vomiting  ”  and  subjective  “illness  rating”.  Furthermore,  it  has  digital  output  which  can  be potentially interfaced with other control devices (such as alarms, ride control or route optimisation) to input human comfort parameters.

By utilising three accelerometers a version could be constructed that calculates the parameters at any location on a deck of a vessel, thus potentially providing response in different areas on a vessel.

8. CONCLUSION
The research has developed a predictive measure that can be used to provide an instantaneous measure of the severity or incidence of motion sickness experienced by a population. Further empirical relationships can be used  to  estimate  parameters  such  as  percentage  vomiting  and  illness  rating  from  the  predictive  measure.  A portable  device  has  been  produced  to  continually  calculate  and  display  these  parameters  based  on  the  input signal from an appropriate accelerometer.
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