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hardware and system support throughout this project. I thank my
thesis committee, Dr, Lynn Wolaver and Dr. Charles Hatsell. A
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Biophysical data were collected on human volunteers to study

,
]
=k
S

the effects of the motion sickness syndrome, Physiological

parameters were analyzed by descriptive statjstical methods and

S
=N

Q" by means of a spectrum analyzer. Descriptive statistical anaysis

r g
3.
-~ - 2

showed at least five separate physiological parameters were
linearly correlated to a motion sickness symptom index. Spectral
analysis showed definite frequency and amplitude shifts during

the onset of movion sickness for various parameters. Low

B o

frequency brain wave activity on the order of 0.1 Hz was

discovered as the subject approached nausea,

(SR

A multiple linear regression model was constructed from the
correlated data obtained by descriptive statistics, Six separate
physiological parameters were useful in describing a predictive

motion sickness model that can be used as a major construct in

o 555 e

develuping a complete biofeedback system for countering effects

of motion sickness.
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A Collection and Statistical Analysis of

Biophysical Data to Predict Motion Sickness Incidence

I Introduction

N 5 EE

Background

Motion sickness is a malady that affects the entire human

R L 3

e
=

species, from the child that gets sick traveling in an
automobile to the most experienced fighter pilot who experiences
unusual acceleratory forces, Motion sickness also may affect' the

astronaut who must function under the abnormal weightless

B 5254

conditions in the space environment (24:31). The study of motion

sickness is important to any organization that operates in a

motion environment, particularly the Air Force. Efforts to

(& 3

counteract motion sickness have included drug therapy,

o

desensitization, and biofeedback training. Most of the research
effort has been conducted by the National Aeronautics and Space
Administration (NASA) and the Air Force in order to identify the
causes and mechanisms of motion sickness and establishing an
effective treatment.

The first major contribution of understanding the cause of

=54 5% 2

motion sickness came in 1881 when Irwin described the cause as

g
res

s follows:

S S
oS

‘ Foremost among the physiological facts revealed by
ﬂ¥ the brilliant experiments of the past half century is
¢ the knowledge that our hbodies are endowed with what
may be termed a supplementary sense, quite independent
of, but at the same time in the closest alliance with,
our other special senses, the function of which 1s "to
determine the position of the head in space", and to
govern and direct the aesthetiko-kinetic mechanism by

o B

1

LAV WO R B W M B b b b b W e i N T T e b ST P P it T T T ik B b i s L o £ T




==
=

T

E

which is maintsined the equilibrium of the body. This
v faculty of equilibrium appears to be more or less

) connected with the cerebellum, the optic lobes, and
possibly other parts of the nervous organisation, but
beyond doubt its principal seat is in the semicircular

:}w canals of the internal ear, which may for practical

N purposes be regarded as the organs of equilibration (25:7).
h

- Thus, the semicircular canals in the inner ear (see Figure 1)

¥ were recognized more than one hundred years ago as the means by
A ’

which we detect angular accelerations and rotational movement,

Motion sickness can be evoked in an individual by

stimulating the semicircular canals in the inner ear with cross

coupled angular accelerations that occur when the head pesition

==

is moved out of the axis of rotation (13:229). This effect was

principally studied by McIntyre and later came to be called

,
T
*f‘,""l

M "Coriolis accelerations" (25:20). The Coriolis illusion is

! ﬂ elicited by tilting the head about axes other than the axis of e
.:,g': | bodily rotation., Such head motions deliver a Coriolis iﬁg&,
3:' ﬁ accelerative stimulus (cross-coupled anjular acceleration) to the :::e:;??
i': & canal system, and produce illusory sensations of perceived motion e
';'I:' and whole body rotation about an axis that is .orthog‘m'Ell to both :,E':i..':
‘:gl r@l the head-tilt and rotational axis (25 :49)., The magnitude and ':,:‘"‘f:
;"‘ o persistance of these sensations is a function of the speed of :‘:;g
| ’f:}\‘ rotation, the angle through which the head is tilted, and the Vs'g
; )3 direction of the head movement (25:49). Motion sickness is an ;t:é;:
‘ " almost inevitable consequence of continued exposure to Coriolis '
;g‘ E'»E accelerations if the angular speed of the rotating device is }5%?:,%
K d

& sufficient to exceed the subject's personal tolerance threshold. N

o

"=

=
Lx

Specifically, if an individual seated on a rotating litter chair

s, =,
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Figure 1 The Vestibular Cavity
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Figure 2 Schematic illustration of rotating chair
used to induce motion sickness response (22:602),

A B

<2 <>

-~) '

N

Figure 3 Schematic illustration of cross-coupling. If an
individual rotates clockwise at a constant velocity and tilts
his head forward 90 degrees, his horizontal semicircular canal
will signal counter-clockwise velocity end his vertical
semicircular canal will indicate clockwise velocity (20:230),
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d (Figure 2) turns his head quickly, he will experience spacial ol
disorientation (Figure 3). Repetition of this stimulus will
almost invariably evoke symptoms of motion sickness. This can :::':::
occur frequently when a pilot moves his head in high-G maneuvers. it
The most common occurences of motion sickness include air, sea,

and car sickness and is usually characterized by a pale RS

complexion, cold swéating, nausea, drowsiness, and vomiting

(27:1075). There appears to be two kinds of sensory

derangement responsible for motion sickness., One is the inter- e

modality conflict, primarily between the eyes and the vestibular ey

.-
ﬁ
-
-’
-a
- -
-

receptors, The other is an intra-modality or intra-labyrinthine Ay

-
O <

-
=
-
I
L - B

conflict hetween the semicircular canals and the otolith organ s

(25:26). o

- e

y Since all of these senses are potentially involved either :;U:E:
E ﬁ directly or indirectly (as in the case of the vestibular system g;sg
‘!: during visually-induced sickness), in the motion perceptions that :“'
e

;: a cause sickness, it becomes pointless to ask which of them - ,’::‘
*i canals, otoliths, eyes, or non-vestibular proprioceptors are the ’,‘ﬁ;
“f g‘ prime offenders (25:26). The one common factor in all of the :P
:: & sickness provoking situations is not the predominance of either 535:3
‘; | linear or angular accelerations, but rather the presence of }5::5:;
p ﬁ sensory rearrangement in which the inputs to the vestibular \

receptors are artificially distorted to render them incompatible

ol B 15 )
A

either with each other, or with the eyes, or both (25:26). g?
The study of motion sickness is important to the Air Force

because there is a high incidence of motion sickness experienced

¢
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by student pilots in their first phase of flight training. This t:c
malady eventually leads to a 2% attrition rate from pilot
training and approximately a 407 attrition rate from navigator v,
training (16:984). Additionaly, even veteran pilots are

occasionally afflicted with this vestibular disorder which can

inhibit mission success because of decreased flight performance b

(5:66;15:1), .

R R & B 5T B

‘:: :;,: Since the inception of manned spaceflight, motion sickness ::
:'x has affected as many as 50-80%Z of both space shuttle astronauts EE
f‘;: @ and Soviet cosmonauts (21:1148), Space motion sickness usually §
L;,*,' occurs during the initial 24<72 hours of orbital flight during i
;«ES @ vestibular adjustment in the weightless environment (23:601). ¥
":" i Space motion sickness symptoms range from lethargy and loss of
é: appetite to vomiting (23:601), Sensory conflict appears to be :E
E; ﬁ the basic mechanism underlying space motion sickness (23:604). §§
" During orbital flight, signals from the otolith receptors in the :
‘:i & inner ear would conflict with those from the semicircular canals i:
:':E a and the eyes (23:604)., The cost of space motion sickness in lost :::
¥ working hours dur'ing a mission is immense (21:1148). The sheer p
. ;: @ expense associated with each manned space launch, the high task :E
o A\

loading of spacecrew, and the relative irrevocability of each h

=% e
—
-

space mission once committed makes space sickness a hazard of
primary importance. Furthermore, the consequences of an N
astronaut vomiting during extra-vehicular activity are X

potentially dangerous (23:601). Just in the Apollo program

alone, 10 of 21 astronauts had suffered some kind of space

b
& ﬁ K
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sickness, Symptoms ranged from mild sensations of tumbling to D

serinus cases of prolonged nausea and vomiting. In the few s

P e T
o
7;_;:&;,
e
i

months between Apollo 7 in October, 1968 and Apollo 13 in the

spring of 1970, there were more recorded episodes of sickness .
[
, than in all the preceeding seven years of manned flight (20:35). :;.,
\ XN
& BN
';; » These instances are summarized in Table 1 below: ;‘i'—:»j
i 2g¥e -
AR Y
BN HN S
e
"o ﬁ Table 1 Episodes of Space Sickness :::::‘
b Among Apollo Astronauts el
ﬁ.' ﬁ\:“.f
" % K
‘: @ Mission Nature of Symptoms :;E‘.‘:"
: \'(‘:i'\'-
g Apollo 7 Mild sensations of tumbling (1)* i
X Apollo 8 Stomach awareness, nausea and A
p w vomiting (3) ‘o
Apsllo 9 Strong sensation of tumbling, .
4 anorexia, queasiness (2); persistent .:.::::.-
o nausea and vomiting (1) bt
) m Apollo 10 Stomach awareness, anorexia, .;e:-jn
iy nausea (1) :,:.:‘-
% Apollo 11 Mild anorexia (1) h
. a Apollo 12 No reported symptoms e
1) Apollo 13 Stomach awareness (2); nausea and :.::'
o vomiting (1) et
E: @ Apollo 14 No reported symptoms "U:':"
) :'i‘n"
N ¥ number of crew members (20:35)
5 ﬂ o
4 et
:0 :‘l:qs
U
:: & Past efforts aimed at relieving motion sickness have mainly ;':;i:
L) 2 8%,
- included anti-nauseant drug treatment. However, these drugs were
n‘l’ :? .'OOQ'I’
f.‘. L unreliable and carefully administered only during rehabilitation :s:::::
4 g
o ﬁ therapy in a non-operational settiag since it has been held that :‘:‘,‘:::
? 2 a
. any medication, or condition that requires medication, will -3,":;
Ly )
) : AN
2: g diminish operational flying proficiency to a potentially :k:
b i,,
7 B

-y
l'.;.r'
<’ i
-t ot
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dangerous level (30:310;5:67). This claim is supported by the
well known side effects of anti-nauseant or anti-motion sickness
drugs, namely "dry mouth, dizziness, and drowsiness (30:311)."
Air Force flight surgeons and the Federal Aviation Administration
(FAA) maintain the position that the use of medication is
prohibited for essential crew members during flight (30:316).
Current efforts have been directed towards designing and

evaluating an effective drug free rehabilitation program. One
such program was ‘evaluated at the Brooks AFB School of Aerospace
Medicine in Texas for student pilots as well as veteran fliers
that were experiencing problems with air sickness (17:2).
Training included desensitizing the individual to the forces
experienced which seems to cause the airsickness, Because motion
sickness is recognized as a stressful experience but one to which
an individual can adapt, there had been hope in using biofeedback
training (19:465). The subject was first streased close to the
point of experiencing motion sickness so that he could recognize
the forewarning symptoms and apply relaxation techniques to bring
his physiological reactions under control (17:2), As training
progresses, the level of stress was increased and the subject was
able to control his motion sickness in the operational
environment (17:2),

This form of biofeedback training had proven successful in
that approximately 84%7 of aircrew individuals have returned to
operational flying status; however, Air Training Command (ATC)

has encouraged the USAF School of Aerospace Medicine (SAM) to
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develop a less expensive and more effective program suitable for
use at flying training bases (15:1). Developing such a system
requires a more accurate and effective means for measuring
physiologic changes in an individual and must minimize the time
the physiclan spends with the subject as well as eliminating the
need for a technician in the treatment room (15:1)., As currently
implemented, "the desensitization treatment for each subject
requires 20 hours of close supervision by a highly trained
psychotherapist who titrates the level of stimulus to the
psychotherapist's appraisal of the subject's motion discomfort
(15:1)."

To date, research has not quantitatively identified those
processes in the human body that can be measured objectively to
establish values for predicting the onset of motion sickness
(17:5)., At the request of the USAF School of Aerospace Medicine,
an apparatus was built at the Air Force Institute of Technology
(AFIT) to collect a wide spectrum of data on human subjects in an
effort to identify potential predictive parameters of motion
sickness (15:1). The apparatus currently consists of a multiaxis
motion simulstor to evoke motlon sickness symptoms in a subject
and physiological monitoring equipment to measure the subject's
consequent physiologlic changes. Additionally, a computerized
data acquisition system was developed during a previous thesis
effort by Captains Douglas Fitzpatriclk and Robin Williams in an
attempt to reduce future manpower requirements in a biofeedback

training session (11). With the current system configuration,
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mean and standard deviations of the data samples
compared to baseline values;

b. spectral analysis techniques to evaluate differences
in the frequency spectra;

c, multivarliate statistical techniques to evaluate

interrelationships between variables; '
5) dinterfacing with Captain Robert Miller and Captaia
Dana Hartle whose concurrent thesis efforts involve

correlating all data regarding motion sickness.

Assumptions

In order to use certain statistical techniques, an
essumption that must be made is that the dependent variables
involved are of a continuous nature and that the variables are
somewhat correlated. It is also assumed that the reader is
somewhat familiar with basic statistic terminology. Finally, it
is not the intention of this thesis project to identify or
understand the specific causes of getting motion sick. Thus, it
is immaterial if motion sickness is caused from psychological

factors, somatic factors, or a combination of both.
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Support Equipment and Materials

The equipment needed for this study is available through

the Electrical Engineering Department and includes the foliowing:

& e O A e -

=

1) MASSCOMP MC500 minicomputer and appropriate peripheral

units.
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2) A multiaxis motion simulator (hereafter referred to
ag the chair),

3) Three 6 channel strip chart recorders (Brush Mark

260 recorders).

4) Kyowa Dengyo 14 channel Beta tape recorder,

5) Various physioclogical sensors developed by Dr. Czelen
including:

a, electrocardiogram

b, thermistor to measure skin surface temperature
electronastagmogram to measure eye movement

d. galvanic skin reflex to measure resisgstivity

e, photo-plethysmographs to measure pallor

f. electrogastrogram to measure gastric motility

g. electrointestinogram to measure intestinal tone

h. pneumographs to measure respiration rate

i. ballistocardiogram to measure heart rebound

j. electroencephalogram to measure brain wave activity

6) Hewlett-Packard 3582A Spectrum Analyzer,

Approach

The approach taken includes the following steps:

1) A literature search was performed by reading past

g2 =5 B0 Ml S OEK 2 OB X SR O T O EE = S
2

theses, correspondence from the School of Aerospace

2T

Medicine, documentation of the BDAS program, documentation

about the MASSCOMP computer, previous books and articles

=

on the subject of motion sickness, and books about
techniques regarding multivariate statistical analysis.
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2) Relocating the multiaxis motion simulator from
building 470 to building 640 in order to better control
environmental conditions.

3) A continuing effort to improve the physiological
monitoring equipment.

4) Standardizing testing procedures and protocols,

5) Data collection from volunteers.

6) Statistical analysis on the data collected.

Order of Presentation

Chapter 2 is a summary of past efforts to quantify
parameters and estimators of motion sickness, Chapter 3 is the
methodology of this thesis project. It includes the theory and
procedures taken to statistically analyze subject data. Chapter
4 is a further analysis with implication on modeling motion
sickness and Chapter 5 contains conclusions and results of the
experiment and provides recommendations for further research in

this area,

13
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Il Historical Perspective

Air Force Direction

The Air Force Institute of Technology (AFIT) was requested
by letter in February 1982 from the School of Aerospace Medicine
(SAM), Brooks AFB, TX to provide technical assistance in
developing a system for treatment of airsickness using
biofeedback techniques. Specifically SAM envisioned a system
that would be cost effective and suitable for use at flying
training bases (13:2), The system should be suited to collect up
to 16 independent channels of physiological data on a subject.
The system would be capable of inducing Coriolis stimulation on
the subject by varying the speed of chair rotation and timing
head tilts based on an experimenter's appraisal of motion
susceptibility and ultimately feed back to the subject
predictions of their physiological motion discomfort by some
visual cue as well as a variable pitched sound (13:3). In a
simplistic sense, SAM wanted to automate the existing motion
sickness rehabilitation program implemented at Brooks AFB, TX by
using physiological monitoring equipment that was computer

controlled and required only one technician,

Prior AFIT Theses

In response to the SAM request, Captains Earl and Peterson
in 1983, constructed a Biophysical Data Acquisition System (BDAS)
consisting of a rotating motion simulator (the chair), a CIM-800

microcomputer, various physiological monitoring devices, and a
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MASSCOMP MC500 data acquisition computer (9:1-2). Physiological
monitoring equipment to measure heart rate, gastric motility,
respiration rate, and skin pallor were designed and built.
Commercially available sensors were also used and included
devices to measure skin surface temperature, galvanic skin reflex
(GSR), and electromyogram (EMG) of superficial muscles (9:vii).

Next, Captains Fitzpatrick, Rogers and Williams in 1984,
developed a user friendly BDAS computer program to process the
multiple channels of biophysical information that included data
storage as well as graphical display. Also, amplifier circuits
that transmit the physiological signals used to measure heart
rate, gastric motility, respiration rate, skin pallor, intestinal
tone, and eye movement were documented. They also used
commerclally available equipment including a thermometer,
myograph and dermograph (11).

In 1985, Captains Jarvis and Uyeda concentrated mainly on
refining the BDAS program and collecting subject data.. However,
they experienced considerable trouble with the MASSCOMP MC500
hardware due mainly to the malevolent environmental conditions of
building 470 (excessive humidity, no air conditioning in the
summer and no heat in the winter). Also, an effective head
motion protocol had not been established to elicit effective
motion sickness symptoms in the subject. Finally, initial data
collected could not be statistically analyzed due to the small

sample size and non- uniformity of the data itself. However,

basic trends between groups of data were identified, For
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example, they found that as a subject becomes motion sick,
stomach awarness and galvanic skin reflex showed the same trend
by sudden increase in both EGG and GSR readings (17:81). Also,
they elected not to use EKG, peripheral photoplethysmograph, EMG,
and ballistocardiogram because of the questionable value of the

information provided by their sensing and recording system.

Current AFIT Theses

This thesis effort intended to continue collecting subject
data and then statistically analyze that data. However, during
the experiments, the decision was made to relocate the chair and
peripheral equipment to building 640 in order to assure better
control over environmental conditions for both the test subjects

and the MASSCOMP MC500 computer.

System Hardware

The current hardware configuration of the biophysical data
acquisition system can be seen in Figure 4. The multiaxis motion
simulator was constrained to rotate only about the vertical axis
(planetary yaw). A hardware improvement over the prior theses
came in the form of a Kyowa Dengyo 14-Channel Beta recorder,
Also, modifications to physiological sensors placement were
made, The following is a list of all the physiological sensors

used to collect subject data:

1) A - Electroencephalogram / EEG (frontal)
B - Electroencephalogram / EEG (fron..l)
C - Electroencephalogram / EEG (occipital)
16
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Recorder

Figure 4 Current System Configuration
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2) Photo - plethysmograph (facial)

d

8

l 3) A - Electronystagmogram / ENG (vertical)

ﬁ B - Electronystagmogram / ENG (horizontél)
4) Electrocardiogram / EKG (vector)

M 5) Electrogastogram / EGG (left upper quadrant)

6) Electrointestinogram / EIG

% 7) EGG/EIG Common

@ 8) Thoracic Respiration and Ballistocardiqgram
" 9) Diaphragmatic Respiration

ﬁ 10) Blood Pressure and Pulse

11) Galvanic Skin Reflex (GSR)

o 12) Photo - plethysmograph (finger)
ﬁ’ 13) Thermistor (surface skin temperature)
14) FM microphone (subject input)
ﬁ The placement of the abuve sensors can be seen in Figures 5 and 6
! on the following pages. Explanation for the use of individual

sensors can be found in the Jarvis and Uyeda thesis (17),

Hardware Problems

A good deal of time and effort was consumed during the move.

Once the chair was disassembled, it was evident that new spacers

7

@ and bearings were required for smooth 360o rotation. The main

g bearing plate also needed to be recut and nickel plated. Upon
reassembling the chair in building 640, some additional obstacles

ﬁ appeared. For example, it was necessary to construct a

carpenter's 3 ton A-frame to raise and move the chair to its new

18
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platform. Another time consuming task included wiring the
proper pover tc the console (three-phase 220 volts) and repairing -
an inoperative 15 volt power supply. Upon successfully aﬁ
completing these tasks, testing the equipment began, The only I
other obstacle encountered was a ground loop which introduced
considerable noise into the system., The problem was rectified by
carefully grounding the motion simulator via the slip rings to

the recording equipment. h

t S Ay SEe S 8

e 32 O 28 X0 B s =

Hardware Changes ﬁﬁ;

Minor changes to some of the physiological sensors were made .
and new calibration techniques were employed. Establishing a
numerical reference point to calibrate the sensors was essential e

since past data collection resulted in only percent of estimated

=
o0
-

baseline changes rather than quantifiable units. For example, it

o

.
e
-
=
o
2

skin temperature 1s now measured in degrees Farenheit rather than ' O
plus or minus a percent of the individuals estimated baseline.,
Temperature is measured via thermistors taped to a finger on the ?31

subject's right hand (see Figure 6) and is recorded using

|
232 2 9B
n
=
'Q‘.—.
- o -

commercial Autogen equipment., gry

Likewise, skin pallor, which was a very subjective %ﬁ%

@ measurement in the past, is now quantifiably measured by first ﬁ%?

| totally exanguinating the subject's forearm with an Esmarch ;&ﬁ
E % bandage and blood pressure cuff and then calibrating both the §§5§§§
h finger and facial photo-plethysmograph for complete pallor (See E;ﬁ.é:‘.

==

Figure 7a). The cuff is removed and the immediate blood flow into XFQ
b0

the arm represents a complete flush which also equates to an 7%@
i
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absence of pallor (See Figure 7b). Thus the two extrémes of the
scale are found for each subject before the test run begins. The
data collected during the experiment can be represented as a
percentage of total pallor.

The galvanic skin reflex (GSR) is a measure of subject
surface resiétivity (sweating)., A scale of varying resistances
from 10K to 1.5M resistance is used to calibrate the GSR
instrumentation., This covers the subject's range of possible
resistivity. Previously collected data only indicated a percent
of the variation in the subject's baseline. Now, actual
resistance values may be acquired.

Finally, both thoracic and diaphramatic respiration are
calibrated using a commercially obtained spirometer (See Figure
8). The spirometer is placed in the subject's mouth and the
subject is instructed to make a series of normal breaths. The
spirometer measures the volume of air in cubic centimeters. As
the subject breathes into the spirometer, the values in cubic
centimeters are annotated simultaneously on the respiration strip

chart recording.,

System Software

The BDAS computer program is hosted on the MASSCOMP MC5300
computer, Since the MASSCOMP MC500 hardware problems were not
corrected until mid 1986, data reduction was performed by
1) manually sampling the hardcopy output from the strip chart
recorders and 2) replaying edited tape through a spectrum
analyzer. Thus the BDAS program was not uscd to collect real-

23
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time subject daca, However, the MASSCOMP MC500 was used to
analyze the manually obtained subject data. A statistical
package called "S" was the primary software program used.

Once room 150 in building 640 is air conditioned, the
MASSCOMP MC300 will be colocated with the motion simulator and
facilitate direct real-time data acquisition and storage. Until

then, the subject data will be collected on Beta tape and strip

chart recorders.

P le S m Error

A discussion of the errors that may be introduced by a
typical data acquisition system is relevant since such errors

must be known when analyzing the final data output., Figure 9

[

shows a hypothetical data acquisition system. The transducer

w produces a voltage proportional to the function being observed

R

(10:26). The limiter in the figure symbolize the fact that there
are definite limits to the magnitude of the voltage which the
data acquisition system will pass (10:27)., Some error is
introduced in the form of noise. The noise may be either

correlated or uncorrelated with the data. Next the data are

digitized and the the analog to digital conversion also

@ introduces a type of noise into the data known as quantization

[y

noise shown by Figure 10 (10:30).

v
-

There are other sources of noise. In summary:

g'A

1., Capacitive coupling cxists between the human body

and AC power systems. For instance, even the proximity

of the subject to a metal chair, which probably picks
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up power line signals itself, forms a capacitive

ol o
BE S5 B

coupling and affects stray 60 Hz skin pickup. Because of
the complexity of the 60 Hz noise source, it is almost
impossible to avoid power line pickup by the human body
except in carefully shielded and insulated environments

(6:578).

2) Electrode noise results from the action of the
electrode and the skin of the subject. The most

effective way to reduce electrode noise is in properly

& S2a 58 &

designing the electrodes themselves by using high input

impedence amplifiers that minimize the effects of

S
ol e x
222

' variations in the electrode's impedence (6:580).

-
e
- 3

%1 3) Random noise can occur due to biological artifacts,

S
po o 3

such as involuntary subject movements and muscle
contractions picked up by the sensors and leads.
Depending on the frequency characteristics of the desired
signal and noise, high or low pass filters can be uéed to

reduce the noise (6:580).
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IIT Data Analysis

Introduction

This chapter outlines the approach taken to analyze the
subject data collected using standard experimental testing
procedures. Data on each of the physiologic parameters were
collected both in the form of 1) a hard copy output on a strip
chart listing and 2) recorded signals on magnetic tape.

Although only 12 subjects were used in the database, an
extremely large amount of data was collected. Only subjects
considered susceptible were used in the database, Data were used
only from the most recent 12 suhjects and not from prior theses
effort since testing procedures and head motion protovcol had not
been fully standardized. Current data were collected in a
uniform fashion using a standardized protocol. The majority of
the data was reduced by manually measuring the tracings from the
strip chart recorder outputs. The remainder was done through
Discrete Fourier Transform (DFT) Spectral Analysis.

The channels of subject data must be analyzed using
techniques appropriate to the nature of their signals. For
example, to assure meaningful results, surface skin temperature,
GSR, and finger and facial photo-plethysmographs will be analyzed
using descriptive statistics while EEG, EGG and EIG will be
analyzed solely using spectral density techniques. However, EKG
and thoracic and dlaphramatic respiration will be analyzed using
both spectral dengity and descriptive statistical methods. Other

ctollected parameters were not analyzed because their importance
28
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has not yet been well established.

Theorz

Multivariate statistics are an amenable way to handle
situations where a number of variables are involved either as
predictors or as measures of performance (14:5). For example,
stimulating a subject up through the range of motion sickness may
affect many somewhat different but partially correlated
physiological parameters. Similarly, many different parameters
of motion sickness may be of value in predicting the onset of
motion sickness and it 1s necessary to consider how to combine
all these pieces of information into a single best prediction of
motion sickness (14:5).

In order to develop a worthwhile analysis of the subject
data, it is necessary to identify those predictive relationships
that may be of value, For example, one relationship might be
that: given the independent varible called motion sickness,
predict the effects on the dependent output variables (i.e. the
various measurable physiological channels). Another useful
relationship might be: tell what motion sickness symptoms the
subject is experiencing by looking at the physiological channels
being monitored and ultimately provide the subject with feedback
to help him control his malaise. These relationships may be
defined by building a table of the various physiologic parameters
and the corresponding statistics obtained during specified phases
of motion stimulus. This may give insight into structurally

defining the motion sickness syndrome. These relationships may

29
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then be used to predict the effect on a subject's measurable
physiological parameters as he becomes motion sick and
consequently suggest corrective actions through some feedback
method to help the subject control and eventually overcome his
motion sick condition., A basic model of this process may be

graphically summarized as follows:

INPUT PROCESS OUTPUT
stimulus ===ccmce- > sub*gct --------- > motion sickness e’
L feedback (mmmmmmmmmnn ———

Figure 11 Basic Motion Sickness Model

Data Collecticn

In order to conduct valid experimental testing using human
volunteers as outlined in AFR 169-3, a research protocol was
written and submitted to the Human Use Resource Committee (HURC)
for approval (see Appendix A). Since human volunteers are needed
to collect data, tals research protocol must be submitted to the
HURC annually for approval,.

Data collection began by giving subjects a series of
questionaires to complete before each experiment (see Appendix

C Jarvis and Uyeda Thesis), Only those subjects whc were W

considered susceptible to motion sickness were used in the
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experiments. Once a subject was selected, he was briefed on the
procedural aspects of the experiment. Physiological electrodes

were then attached to the subject as previously described in

Chapter Two. The equipment was calibrated and one minute of
control data was collected., The subject was seated in the chair !
and blindfolded. Subjects were briefed on specific head motions

to make as directed by an on-board tape recorder. Data on each

subject were recorded using three 6~channel strip chart

recorders, a l4-channel Beta recorder, and a l4-channel backup

Ampex magnetic tape recorder. The data were collected

continuously throughout the experiment until one minute after the

chair stopped or until the subject's physiologic signals returned

to those approximating the control period. D;ta were originally

collected on 12 subjects (see Appendix B). Data on one

additional subject wer~s later added to the data set and included

only in the spectral analysis.

Descriptive Statistical Analysis

Because of the nature of their strip chart trace, surface skin
temperature, pallor, respiration, EKG and GSR are amenable to
descriptive statistical analysis.

In order to facilitate using descriptive statistics, each
physiologic parameter taken from the strip chart recordings was
sampled at 10 second increments over a range of five intervals,

The intervals consist of 1) control interval, 2) symptom 0-3

interval, 3) symptom 4-7 interval, 4) symptom 8-10 interval, and
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5) post interval. The five different intervals were chosen based

upon commou groups of symptoms encountered during each test run.

This was done to standardize the number of divisions of each run

into five specific time periods. The interval numbers correspond
to a scale reported by the subject. The subject reports his

subjective condition in the form of a numerical scale. The

FAS >

subject i1s queried every minute for e number from one to ten (one
means no symptoms, ten means vomiting).

The control interval was selected as a baseline period for

B =

each subject. The symptom 1-3 interval was characterized by a

general sense of well being and some slight discomfort. The

—rwr

symptom 4~7 interval consisted of symptoms ranging from dizziness
and slight disorientation to sweating and mild stomach awareness.
symptom 8-~10 interval was characterized by heavy stemach

churning, extreme dizziness, headaches, and nausea, Finally, the

post interval consisted of the subject returning to near baseline

2 = K

conditions after the stopping of head motions,

The subject data can be analyzed by first estimating the

55

arithmetic mean and standard deviation of the sample population

K

for each physiological channel over each of the five ranges

identified ahove. Each sample mean value is then an indication

e

of the specific physiologic parameter value at a particular phase

of motion sickness. Table 2 shows the estimated mean and

e

standard deviation for each parameter over the entire
experimental run., This sample data can allow one to make

inferences about the entire population assuming, of course, that

/ g
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the population from which the sample is drawn has a normal
distribution. Since the estimate of each of the means is based
on a small sample, it is necessary to determinefﬁ confidence
interval that will indicate how far off the estimate dight be

from the actual population statistic.

Table 2 Estimated Motion Sickness
Parameter Values

Parameter Control 1=3 4=7 §=10  Post’
Temperature xm 90.5 v0.9 89.3 90.3 91.4
sdm 5.4 5.2 5.4 5.0 5.2
Facial x= ° 54,2 60.2 73.0 73,3 65.6
sdm= 18.9 18,6 15.5 29.3 29.9
Finger x= 74,5 77.8 73.6 6.1 57.6
sdm= 10.8 8.8 11,9 15.9 15,5
Thoracic X= 539.3 569.1 700.7 824.,7 829.4
sdm 166.4 182.4 202.6 332.2 284 .7
Diaphragm x= 501.4 585.1 679.4 692,8 664,06
sd= 391.,0 334.9 345.3 443,9 423.,3
EKG A= 79.8 89.2 95.8 90.4 79.1
Sdm 17.2 19,2 19.4 19,2 15.6
GSR x= 673.9 610.3 628.7 585.8 688.5
sd= 435.9 329.4 291.,9 291.5 i90.8
#Breaths X= 2.9 3.5 3.2 3.0 2.1
sd= 0.6 0.8 1.2 1.5 0.5

A commonly used method to compute a confidence interval is

Student's t-test (7:320). The equation is:
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x - 1,96 ( 8/ 4K ) < u< x + 1.96 ( s/ vy7 )

= R O ED

where x is the estimated sample mean, sd is the sample standard
deviation, u is the actual population mean, and n is the sample
size (7:320). Table 3 displays the confidence intervals for each
motion sickness parameter. It should be noted that subject data
for GSR were from only two subjects and thus doeg not contain
as large a number of sample points as the other parameters.

The parameters selected for analysis by means of descriptive
statistics may he represented graphically by the figures on the

following pages.
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:; @
3 Table 3 Confidence Intervals
.t‘. .
Parameter Bhase Confidence Interval
;
A Temperature Control 89.24 to 91.77
v ﬂ Sx 1-3 90.16 to 91.gl7b
% Sx 4-7 88.03 to 90,
i Sx 8-10 89.22 to 91,38
k & Post 90.66 to 92.14
j
‘:; Facial Pallor Control 44,94 to 63,46
§ @ Sx 1-3 55.38 to 65.g2
' Sx 4-7 63.39 to 82.61
Sx 8-10 61,33 to 85.27

. ﬂ Post 57.64 to 73.58
K
1 Finger Pallor Control 71.97 to 77,03
- @ Sx 1-3 76.55 to 72.%
' Sx 4-7 70.79 to 76,
3 Sx 8~10 62.68 to 69,52
<. Post 55.41 to 59.79
Py %
4 Thoracic Resp. Control 500.32 to 578.28
! Sx 1-3 543.23 tco 594,97
u ; Sx 4=-7 652.90 to 748,50

' Sx 8=10 753.23 to 896.17
v Post 789.13 to 869.67
Y «
¢ g Diaphramatic Control 409.81 to 592.99
B Sx 1-3 537.60 to 632,60
3 Sx 4-7 507.93 to 760.87

! Sx 8-10 597,30 to 788.30
g Post 604.72 to 724,48
Q-l
X EXG Control 75.77 to 83.83
K Sx 1-3 86,48 to 91,92
! Sx 4=7 91.22 to 100.38
$ m Post 76.89 to 81,31
% . GER Control 567.11 to 780,69
W % Sx 1-3 561,05 to 659.55 :
N Sx 4=7 557.72 to 699,68 ,
. Sx 8-10 520,28 to 651.32 R
) @ Post 660,23 to 716,77 .
A ¢
b #Breaths Control 2.74 to  3.04 K
' Sx 47 2.93 to 3,51
g Sx 8-10 2.70 to  3.34 :
o Post 2.06 to 2.18 /)
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Galvanic Skin Reflex (GSR)

GSR mean values during each phase show an overall decrease
in subject resistivity from Control interval to symptoms 8-10
interval. This equates to a change in skin conductivity.

Incfeasing conductivity in a subject is closely associated with

sweating on the subject's skin. Upon stopping head motions (poét

interval), the subject's resistivity increases to approximately

that of the control interval.

Surface Skin Temperatyre

In most cases, the subject's skin temperature, which is
measured on the finger, decreased during pre-nauseating symptoms
(symptom 4-7 interval) and then increased well after stopping
head motions. The decrease in temperature may be due to the
subject's sweating coupled with effects of surface cooling.
Caution should be taken in accepting this finding since the
experiment was run under less than perfect environmental
conditions. After reducing the data for this parameter, another
temperature measuring device (thermistor) on the subject's face
will be used to get a better indication of surface skin

temperature.

Electrocardiogram
The EKG data indicate that as the subject experienced

motion sickness symptoms, their heart rate increased 20% on the
average, Once initial symptoms were attained, the heart rate

returned to near control interval conditions. On one occasion
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GALVANIC SKIN RESPONSE
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Figure 12
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Figure 13
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the subject passed the nausea stage (vomiting) and the subject's
heart rate at that point doubled. It should also be noted that
in three of the subjects, their heart rate fell to approximately
40 beéts/min. These particular cases were classified as sinus
arhythmia by Dr. Czelen and results will be further explained in

his motion sickness study (to be published).

Pallor
Finger blood flow was found to decrease on the average and
vas indicated by an increase in pallor, This 1is supported by a

visible confirmation of subject paleness as they progressed

IS B2 3 OSS AR S B

through the stages of motion sickness. However, facial blood
flow did not indicate this same decreasing trend but instead

showed a flush in the subject's skin color. This may be

explained as an error or atypical response since only twoe

el S i B

B 22 IR 9 2EFE R

subjects' data were used (because the sensor was under continual
refinement). The finger pallor indication confirms that pallor
increases in the majority of subjects and precedes the onset of

severe motion sickness (17:87).

Regpiration
From the data collected it can be clearly seen that, on the
average, the typical subject's respiration volume increased from

the control intcrval through symptoms 8-10 interval. 1t should

e e W W e I
b 3 Y

be noted that subjects were classified in two ways. Subjects

@ whose control interval respiration rate was less than or equal to

15 breaths/min, were classified as normal breathers.

43




o B

T TEA B B

o
L -

W XX B ¢

4

wEH B G

i

P

Those whose control interval respiration rate exceeded 15
breaths/min, were classified as tachypneic. The dip in the graph
of normal thoracic respiration is indicative of the weak
confidence interval noted earlier in Table 3. For normal
breathers the number of actual breaths taken also increased from
14 breaths/min to more than 18 breaths/min., For those who were
tachypneic, the respiration rate decreased as symptoms progressed
while volume of breaths increased. The data also suggest that
there is a noticeable diaphragmatic contribution to respiration
as the subject becomes motion sick. Caution in this conclusion

should be exercised since diaphragmatic volume may not be

linearly related with thoracic respiration as was assumed when

the systemn was calibrated.

EGG _and FIG

The data of the electrogastrogram and electrointestinogram
as well as the combined EGG and EIG shown in the gastrointestinal
graph merely represent mean amplitudes at each symptom interval.
The najor reason for doing this was to show that the subject's
dbdominal region showed increased activity during the onset of

nausea.

Correlation Analysis

Although descriptive statistics present important
characteristics of the sampled data, i1t would be very useful to
determine whether the selected physiological parameters or if any

others have a relationship among themselves, or more importantly, >
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to motion sickness, To accomplish this, a correlation analysis
was performed.
A correlation analysis is a common method to measure the

association between variables, Through the use of a statistical

package called Microstat, a sample correlation matrix was
calculated in which each element of the matrix is a correlation
coefficient (r) between two variables. Each r value is a measure
of how strongly related the variables are in a sample. The value
of r lies between -1 and +1 ard is equal to +1 only if all pairs
of the two variables lie on a straight line with positive slope
and r = -1 if all pairs lie on a straight line with a negative
slope (7:449). Thus r measures the degree of linear relationship
among variables. If r is near zero, it does not imply a lack of
relationship but rather only an absence of a linear relation.

The relationship is described as strong if r >m L8,
moderate if ,5 < r < .8 and weak if r <= ,5, A strong
positive relationship suggests that a large value of one variable
is paired with a large value of another variable. Table 4 shows
the correlation matrix for the indicated parameters., It should
be noted that the parameters diaphragmatic respiration and facial
plethysmograph were not correlated., Diaphragmatic respiration
was not used due to the uncertainty of the calibration and thus
the usefulress of informaticn. The facial plethysmograph data
were not used since valid measurements were obtained only on two
subjects.

The values of the correlation coefficient r indicate that
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finger pallor, thoracic respiration, and galvanic skin reflex are
all strongly correlated to motion sickness while EKG is only
moderately correlated, The significance values suggest that all
three strongly correlated parameters are statistically
significant. The significance values 0.0004, 0.0001, end 0.,0024
correspond ton finger, thoracic and GSR., One minus each of the
significance values suggest the percent confidence in each
corresponding correlation value. Thus, the parameter finger
shows 99.967% confidence of being correlated to motion sickness in
a linear relationship., Thoracic is 99,99% and GSR is 99.767%
confidence bound,

Finger pallor shows 2 negative correlation (finger blood
flow decreases as motion sickness symptoms become more severe)
which supports the previous findings of Jarvis and Uyeda (17).
Galvanic Skin Reflex also shows a negative correlation with
motion sickness which supports previously stated claims that
there is a decreass in the subject's resistivity as motion
sickness symptoms increase. Thoracic respiration is positively
correlated to motion sickness which corresponds to an increase in
the amplitude of brcaths us motion sickness symptoms increase.
Finally, EKG shows positive correlation to motion sickness while
surface skin temperature and breathing rate both show weak

negative correlatcion.

Spectral Analysis

The remainder of the physiologic parameters were analyzed

using a DFT Spectrum Analyzer. Spectral analysis is useful in
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identifying amplitude changes in energy as well as frequency
shifting between the five intervals. The graphs on the following
pages were plotted using a Microcomputer software package called
Lotus., Points to create the graphs were obtained by first
performing a spectral analysis on each parameter at each

interval and then using the built-in marker to extract data
points. The resoluticn of the DFT Spectrum Analyzer allowed
plotting points every ,008 Hz, Thus each graph is a separate
parameter shown over all five intervals, Mean frequencies for

each parameter were also calculated over each interval.

Gastrointestinal

The gastrointestinal spectrum indicates thr total stomach
and intestinal response through the five intervals. It is
clearly seen that there is a significant increase in energy which
corresponds to the increase in amplitude as the subject
approaches nausea (Sx 8-10). This increase in amplitude also
indicates an increase in smooth muscle activity in the gut, The
frequency data indicate that the EGG component is noticeable at
0.008 Hz and that the EIG component of the spectrum can be seen

at approximately 0,16 Hz,

Electrointestinogram (EIG)

The EIG is a measure of small intestine activity. The basic
electrical rhythm (BER) of the small intestine is approximately
11-12/min at the duodenum and decreases distally to the ileum

where the frequency is 7-9/min {(9:95). The EIG spectrum
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indicates that amplitude increased from the control interval up
through symptoms 4-7 interval. Even though the amplitude stayed
about the same from symptoms 4-7 interval to symptoms 8-10

interval, a definite shift in frequency was observed. The

X 2= B

majority of EIG activity appeared to occur at 0,20 Hz for

N symptoms 4-7 interval while it shifted to 0,12 Hz during symptoms
8-10 interval. This suggests that intestinal activity slowed
down from BER of the control interval. However, the mean

frequencies between intervals were not as varied. The control

B2 28 55X

phase had a mean frequency of 0.21 Hz, symptoms 1~3 mean

5 i frequency was 0.20 Hz, symptoms 4=-7 was 0.17 Hz, symptoms 8-10
) %
‘ﬁ 4 was 0,19 Hz, and the post interval had a mean frequency of 0.20

Hz. Mean frequencies were calculated by summing the products of
the amplitude and the frequency and then dividing that value by

the sum of the amplitudes,

e
e )

Electrogastrogram (EGG)

N The EéG spectrum was useful as an amplitude measure as well
as a display of mean frequency shifts, As can be seen in the
graph, the amplitude levels increased with the onset of motion
sickness, This indicates that gastric tone and motility

increased with increasing motion sickness symptoms. There was a

shift in mean frequecies between intervals, The control interval

had a mean frequency of 0,07 Hz, This shifted to a mean

2E B I OB =i ==

h
}H frequency of 0,117 Hz during symptoms 1-3 interval and even ﬂ
’ higher tc 0,121 Hz at symptoms 4-7. Upon reaching symptoms 8-10, g
! ;
ﬁ the mean frequency again shifted to 0.062 Hz. The post interval Yy
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had a mean frequency of 0.089 Hz.

Respiration
While the descriptive statistical information on

diaphragmatic respiration was uncertain due to assumed linear
calibration with thoracic breathing, the spectral results were
more conclusive. From the four spectra of respilzation, it is
evident (because of the increase in amplitude) that there was a
significant recruitment in the subject’s diaphram from the

control phase until the onset of motion sickness. Frequency

B N S O 55 @ 5 B

means for both classification ¢f breathers were also calculated

-
A

and are listed in the following table:

FrE

Table 5 Mean Frequencies
for Respiration

' @ Diaphragmatic (normal) Phase Hz
Control .64
' Sx 1~-3 W71
n Sx 47 V71
. Sx 8-10 .64
. Post +65
& Diaphragmatic (tachypneic)
. Control .69
Sx 1-3 .66
Sx 4—7 071
@ Sx 8-10 W77
' Post .64
\ Thoracic (normal)
ﬁ Control 60
' Sx 1-3 .64
- - Sx 4-7 .64
) @ Sx 8-10 .62
‘ Post 62
. Thoracic (tachypneic)
v Control .60
ﬁ Sx 1"'3 062
L Sx 4~7 .59
o Sx 8-10 W71
‘ ﬁ Poat .62
‘ 53
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'ﬁf EEG Spectrum

.".\I ' The analysis of EEG was sampled both at the 25 Hz and the 1
;’Eg @ Hz range. This was done mainly because the strip‘ chart

'ﬂ, ) recordings showed the possibility of very low frequency brain

:;‘;‘ @ wave activity occuring during the onset of motion sickness. EEG
vﬁg electrodes were placed on tge subject's forehead,

7?5 ﬁ The brain waves most commonly studied are alpha with a

ﬁ‘ & frequency of 8 to 13 Hz and are found in normal adults in a
. §$ ' quiet, resting state (17). As indicated by the graph, it is

??'?7 ﬁ apparent that there is indeed a significant amplitude of EEG at
;'::' @ the 0.1 Hz frequency range. Also, there was a large frequency
-%@ ! shift from .25 Hz to .16 Hz during the onset of motion sickness.,

This is perhaps the most significant finding of this thesis,.
However, it should be noted that the amplifiers used in
tranémitting this sigunal have a cutoff at 0.1 Hz of -3 db/octave.
This means that at the 0.1 Hz range, only one-tenth of the actual
signal is shown in the spectrum plot., Nevertheless, it appears
that there is definitely a low frequency component of EEG during

the onset of motion sickness. If this extremely low frequency

b component can be verified through more test runs, it would be of
%0

» g

:o:: great interest since no where in the literature has such a low

EEG frequency component been reported,.
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IV Model Implications

Introdu¢tion ,
Using the results from the descriptive statistical analysis,
it 1s possible to construct an empirical predictive model for
various stages of motlon sickness, If a suitable relationship
can be explained, then it can be used on additional test runs to
verify its usefulness or aid in selecting a more appropriate
experimental design. The most basic type of relationship to
build and explain is a linear relationship. One method that

allows building a linear predictive model is regression analysis.

Regression Theory

Regression analysis is a part of multivariate statistics
that deals with investigating the relationship between two or
more variables related in a nondeterministic fashion (7:423). It
is a natural extension of the idea of simple linear regression to
consider the regression of one variable on several independent
variables, The need stems from the fact that the relation with
any one independent variable (physiologic channel) does not give
a high enough correlation to be of much value (24:23),

Additional variables may contribute more,

Multiple regression can be used to predict a dependent
variable based upon various predictor variables. It is necessary
to have a relationship between motion sickness and the gset of
measurable physiologic channels, Motion sickness represents the
dependent or predicted variable while the physiologic channels

represent the independent or predictor variables. The
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deterministic mathematical relationship between variables is a

linear relationship :
Y=B +Bx +Bx + ... + e

where B , B , etc are the coefficients of variables x , x
1 2 1 2

respectively, B is the Y intercept, and e is the residual error.
The parameters gan therefore be estimated (7:427). The
regression line provides a good fit to the data if the vertical
distances (deviations) from the observed points to the regression
line are small., The measure of goodness of fit is the sum of the
squares of these deviations. The best-fit regression line is
i then the one having the smallest possible sum of squared
deviations (7:427). The results from the correlation analysis
will be used as a starting point for choosing which physiologic

parameters will be the independent variables that can be

regressed on the dependent variable called motion sickness.

Predictive Motion Sickness Model

" A predictive model can be constructed by arranging the
subject data into a multiple regression matrix. The rows of data
in a regression matrix represent the variables, while the columns
represent case values for each variable. To use matrix
operations in regression, the number of variables must be less

" than the number of case values for each variable. Likewise, all
variables must contain the same number of elements. This was the

guiding force behind selecting the five symptomatic intervals.
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ﬂh‘ , Table 6 shows the mean values of each physiologic parameter
s, ﬁ that was selected as a result of the correlation analysis,

. “’i.:*

'§&§ ‘ A multiple regression analysis was then performed using the

Py

:- €

software package Microstat, The primary predictor variables

~

~ .
-

selected were Thoracic, Finger and GSR since they showed the

e
-
=0

‘;b highest correlation to motion sickness (each with a significance
‘_.'Q ¥ f‘ﬁ

N o0

ﬁ@ﬁ ¥ value higher than 957). The parameters EKG, Temp and Breath were

used in a secondary manner since they were only moderately

i
s

correlated to motion sirckness.

| =

The overall prediction equation for motion sickness can be

B described linearly by the following:

-.#-’-
F
Y

Y = 0.9558 + 0.0095(Thoracic) + 0.1465(Finger)
- 0.0004(GSR) + 0.0334(EKG) + 0.2449(Temp)
+ 0.3696(Breath)
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In this equation the variable Y indicates the possible range

t =

of symptom numbers that are obtained from various instances of

'a'.-.ﬁ
T

the given physiological parameters. The right side of the

.

. Trem

equation indicates that, if one is given the instantaneous values

‘733

S

s
s
E

of each parameter, then the symptom level of motion sickness

(over the range 1-10) can be predicted.

?; Ry Once a prediction equation [or motion sickness was found, an
§é§ ’ Analysis of Variance {ANOVA) table was constructed in ovder to
e i test the significance of the regression (8:31), Table 7 shows
iﬁd the values used for this model.
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Tahle 6 Mean Values for Individual Changes
in Physiologic Parameters

5, Subj Phase Thoracic Finger GSR EKG Temp Breath Msick
f, ' 1 Data is incomplete for GSR parameter
g 2 Contr 0.00 0.00 0.00 0.00 0.00 0.00 1
N Sx1-3 100.00 1.70 233,60 9.80 0,05 1,26 2
, Sx4-7 303.30 2.30 614.90 2,60 0.10 2.73 6
& Sx8-10 445,80  0.45 605.20 5.56  9.40 3.08 9
\ 3 Sx1-3 59.61 6.43 138.90 8.40 0.0C J.68 2
& g Sx4-7 161,10 12.22 366,70 11.33 0.05 0.53 6
J Sx8-10 416,70 11,00 426,70 6.60 14,35 0.65 9
) 4 Sx1-3 93,80 14,38 235.90 17.50 0.78 0.59 2
gi Sx&'? 89030 11.07 426070 16.10 0.&0 0.55 6
Sx8-10 675.00 3.75 426.70 14.50 5.30 0,78 9
&Q 5 Sx!-3 141,70 0.10 24.20 29.90 0.20 1.10 2
L ) Sx4-7 177,40 2,67 61.90 19.60 1.40 0.57 6
, Sx8-10 331.70 8.10 161,00 4.90 9.30 0.10 9
ﬁ 6 Sx1-3 111.30 7.38 13.10 1.50 0,15 0.36 2
ﬁgﬁ Sx8-10 456,30 5.83 53.70 1.20 2.00 1.31 9
3
“ 7 Sx1-3 88,50 1,97 31.50 9.90 0.85 0.2 2
. SX4-7 287.50 10045 15-50 10.00 0'30 0-91 6
| H Sx8-10 272,20 27.260 4,80 6.80 0.35 0.74 9
8 Sx1-3 82.40 17.63 176.50 26.60 0.10 1.07 2
ES Sx4-7 25.00 20.55 300.00 26.50 0.10 2.00 6
Xy Sx8-~10 266,70 14.97 257.30 10.50 8.15 2,42 9
‘ 9 Sx1-3 57.20 1.79 70,20 27.50 0.00 0.76 2
@ Sx4-7 8,30 19,17 38,70 20,90 0.15 0.59 6
' Sx8-10 118,80 16,43 65,30 17,20 5.75 0.98 9
@ 10 Sx1-3 144,60 1.76 257.30 3.20 0.15 0.40 2
' Sx4-7 343.40 13.33 195.90 2.50 0,65 0.24 6
SxC-10 375,00 23.75 229,20 1.50 15,00 0.65 9
, & 11 Sx1-3 8.70 5.50 11.20 18.50 0.25 0,92 2
: SX4-7 187c50 17.50 11.20 0.80 0060 0.25 6
. ﬁ Sx8-10 79 .20 22.50 11.20 2.30 8.85 0.67 9
: 12 Sx1-3 139.60 0.76 86.90 11.50 0.15 N0.83 2
Sxb-7 154,10 2.50 153.00 30.50 0.35 0.34 O
Sx8-10 176,60 7,00 236.60 30.20 9,00 0.49 9

I X
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Table 7 ANOVA for Regression Significance

Source df $.8, M.8,8, E

Reg S.S. 6 376.10918 62.68486 30,970
Res S.S. 37 74.89082 2.024076

Tot S.S 43 451,00000

= o YA = WM ==

The F value from the model is 30,970, This is compared te the

F value calculated from the standard tables (7:624). Since the

=

model F value is much greater than the tabulated F value (8.94),

we conclude that the model is useful for predicting motion

e

sickness symptom intervals.

Another indication of a good model fit is the R-squared
value of the regression. In this case the R-squared value is
0.834 which means that 83.4% of the variation in the dependent
variable can be explained or predicted through knowledge of the

independent variables using a straight line equation.

¥ s TS

Finally, the residuals from the regression equation indicate
that a linear relationship provides a good fit. The residuals
describ>r the difference hetween the observed values of Y and the

predicted values of Y (7:434). Ideally, a perfect linear

4
8 ==

relationship would be one that had no residual error; however,
this is not the case. Table 8 shows the residual errors for the

repression.

o W =X
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Table 8 Residual Error Values
for Regression Model

Observed Y (Motfon Sick Interval) Calculeted Y Residual
1.0 0.998 0.0025

2.0 2,005 -.0049
3.0 2,997 0.0031
4.0 3,999 0.0009
5.0 5,004 -, 0042
6.0 6.009 -.0094
7.0 6.994 0.0065

ErOES B & 2N & EE

o 8.0 7.982 0.0178
9.0 9-007 "'00069
10.0 10.005 -.0054
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V_Conclusions and Recommendations

Conclusions

The collection and statistical analysis of biophysical data
on motion sick subjects broved to be an enormous task. Each test
run lasted well over two hours and resulted in generating large
amounts of data. At the time of this writing, the descriptive
statistical analysis was performed manually by sampling the strip
chart recordings since the Masscomp MC500 computer was
inoperative. Spectral analysis could be performed after many
weeks of editing subject data.

Overall, the system was very effective in both eliciting a
motion sick response from the subject and in collecting and
storing the biophysical data for later analysis. Changes to the
hardware as well as quantifying more of the physiologic
parameters through new calibration techniques, enabled a more
accurate and complete statistical analysis of the data. Thoracic
respiration, finger pallor, and galvanic skin reflex were shown
to be highly predictive parameters of motion sickness. Heart
rate, surface skin temperature, and breathing rate were not as
strongly correlated with motion sickness but added to the overall
effectiveness of constructing a predictive motion sickness
equation.

A major finding during the spectral analysis was the
discovery of a very low frequency brain wave occuring during the
nnset of motion sickness on the order of 0.1 Hz. However, it is

necessary to add increased frequency response range to the EEG
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preamplifiers to verify the actual low frequency compunent and
also to collect more data to confirm these findings.

Multiple regression analysis was performed as a last step in
this project to develop an initial predictive model for motion
sickness. Only those parameters that could be used in a
descriptive statistical manner were used because of the need for
a practical model, Those parameters that required spectral
analysis could not be included because a spectrum analyzer could

not be incorporated in a real-time biofeedback system.

Applications 5o Further Research

This thesis has established a reliable biophysical data
acquisition system and an accurate statistical analysis
procedure. With only the data from 12 subjects to form a sample
of a much larger population, it 1s necessary to continue to
collect more data to confirm the results of this thesis. Also,
it is a relatively easy task to incorporate the predictive model
in an automated fashion to test and verify its accuracy. The
model may then be used as a major element in buildiug a

biofeedback system to prevent motion sickness,

Recommendations

The Masscomp MC500 computer was under repair for the
ma jority of this thesis; therefore, any potential future use is
questionable., However, at the time of this writing, there exist

Analog to Digital systems that support l6-channel data

collection, are relatively inexpensive, and can be used at the




= 6

. microcomputer level. Once room 150 is alr-conditioned, the

-

" Masscomp MC500 may be colocated with the rest of the system and
then its performance can be re-evaluated. The BDAS software was
not tested again and still requires some minor debugging.
Commercial software for data analysis is now available for the
microcomputer A/D systems,

The strip chart recordings are the only hardcopy output of

the entire experimental session., All relevant data should be

22 = SGR 8S

" marked on them as the experiment progresses, It is beneficial to

-
-

record each tape recorder counter values at specific time periods

as they occur. The most obvious and significant time periods

N l‘..§

' are:

B -

. ﬁ 1) 60 seconds before chair rotation for baseline data
o 2) at the start of chair rotation

3) when head motions begin
\

5) when head motion stops

3'
P

at each symptom the subject reports

6) when chair rotatijion stops

7) when test run stops

e XS WS

I The strip chart recorders should be consistently marked for

e
==

each experimental test run, Switching pens and recorder signal
- wires confused data reduction and often required playing back
many channels to ensure the identity of each signal. Logistical
considerations should be stressed before each test run.
Batteries often ran low and the demand for electrodes, medical

tape and strip chart recording paper always pressed the supply

= O &
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capability.

The basic statistical procedure has been developed; however,
more data must be collected to confirm these initial findings.
The predictive equation for motion sickness should now be
incorporateil into the experimental test runs to test its
validity. Even though a linear relationship has been formulated,
non-linear techniques should also be explored to determine 1if a
better fitting model is possible.,

Finally, all parameters should be scrutinized to see if they

are in phase, out of phase, or periods of both throughout a test

run. This will confirm whether each variable is independent or

ok

shows correlation in another physiological manner. This
procedure would be necessary to validate certain spectral
analysis findings such as the discovery of a very low frequency

LEG wave previously mentioned.
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Appendix A Motion Sickness Protocol

86~13~~21 July 1986=--Page 1

1. Title: Motion Sickness: A Study of its Etiology and A
Statistical Analysis.

Principal Investigator: Dr, William Czelen, M,D.; 255-5276;
- AFIT/ENG. '

Assoclate Investigator: Dr, Matthew Kabrisky, Ph.D.;
255-52763; AFIT/ENG.
Captain Michael McPherson; 255-5533;
AFIT/ENG.,
Captain Dana Hartle; 255-5533;
AFIT/ENG,
Captain Robert Miller; 255-5533;
AFIT/ENG.

B T3 B S S= .

Date: 21 July 1986 Type: Facility Renewal: No

X
(&3]
.

4, Synopsis

The objective of this research is to Lnvestigute the
causes of motion sickness and to develop a metric that
can be used to determine each individual's
susceptibility to motion sickness symptoms. The research
will expand on the work done by previous researchers
(Levy, Jones, & Carlson, 1981; Lackner & Graybiel, 1983;
etc) by measuring more than one or two physiologic
parameters at a time., This research will simultaneously
measure 16 parameters utilizing a system developed by
researchers at tha Air Force Institute of Technology
(Earl & Peterson, 1983; Fitzpatrick, Rogers, & Williams,
1984; Jarvis & Uyeda, 1985). By measuring this many
physiologic variables at once, it 1s hoped that the
extremely complex physiologic interrelationships
involved in motion sickness symptomatology can be more
easily studied arnd analyzed.

5. N/A.

5 o2 A S K

6., Attachments: Consent Form
Addendun to Consent Form
Protocol Curricula Vitae

oo
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86-13--21 July 1986~~Page 2
AFIT/EN Research Protocol
I. IDENTIFICATION

222

1, Title: Motion Sickness: A Study of its Etiology and A
Statistical Analysis.

2, Date: 21 July 1986

3, Project/Task/Work Unit: N/A.

4, Principal Investigator: Dr, William Czelen, M.D.;
255-5276; AFIT/ENG.

Associate Investigator: Dr. Matthew Kabrisky, Ph.D.;
255-5276; AFIT/ENG.
Captain Michael McPherson;
255-5533; AFIT/ENG.
Captain Dana Hartle; 255-5533;
AFIT/ENG.
Captaein Robert Miller;255-5533
AFIT/ENG.

6. Medical Consultant: Colonel Charles Hatsell; USAF/MC,

& B R
>
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IT. RESEARCH BASIS
1. Objective

a, To investigate and quantify motion sickness
symptoms in an attempt to predict the onset of
motion sickness symptoms as well as develop a
motion sickness metric to improve the abllity of
determining individual motion sickness
susceptibility.

Al S e

b, To standardize the experimental procedures of
every motion sickness experiment in order to

Eﬁ facilitate statistical analyses.
't
c» To initiate the incorporation of biofeedback
ﬁ techniques into motion sickness experiments.
2. Background and Relevance N
E% The physiological characterization of motion sickness ﬁ
has spawned new research regarding possible )
predictive parameters. Previous efforts suggest that
: ﬁj there are relationships between the onset of motion
Ay sickness symptomatology and specific measurable

X X

physiological criteria. Only a few physiological

V variables (i.e. skin conductance response and surface
ﬁ skin temperature) have been identified as predictive

parameters of this vestibular maladaptation syndrome. m
7 Therefore, attempts to model motion sickness have met 0y
tﬁ with little success. "

71
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86-13-<21 July 1986--Page 3

We propose to accurately monitor at least 14 physio-
logic analog channels from a subject experiencing
motion sickness symptoms, As recommended in the
literature, the subject will encounter motion
sickness symptoms by rotating about their vertical

N axis (planetary yaw) as they are seated in a rotating
\ chair and tilting their head out of the axis of
rotation, Physiologic sensors attached to the subject
will transmit data to recording equipment via siip-
rings on the votating chair, This will allcw us to ‘
collect sufficient data for valid statistical
analysis and possibly lead to the development of a
motion sickness model., Also, identifying those
physiological parameters that are most closely
associated with motion sickness may be useful in
treatment by providing information for biofeedback
techniques,

- =5 ==

4

T —

3. Impact

Additional testing is required to collect enough data
for a valid statistical analysis. There is a definite
need to study multiple channels simultaneously since
prior relationships were developed between only one
or two variables and did not give a high enough
correlation to be of much value., Without this, the
motion sickness syndrome and its possihble trigger
mechanism will remain unknown. Desired data cannot

be derived from valid animal studies or from reliable !
computer modeling techniques.

- = B 2= e Y8

e

4, Experimental Plan

a. Equipment and Facilities

=3

(1), All experimental test sessions and data
collection will be conducted in the AFIT
Engineering Building 640, room 150,

=3

(2). All experiments will consist of a test
subject performing head movements in a
rotating chair. The required head movements !
are broadcast on a self-contained, hand held
cassette tape recorder and instruct the
subject to make a head movement every 10
seconds,

T B

(3)., Overall, the following equipment will be
used:

zx W=

(a). equipment-subject interface:
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1.
2.
3.

86-13--21 July 1986--Page &

Rotating chair for eliciting the

motion sickness response.

Chair control console which controls

the chair's rotation speed.

NDM Corporation Silvon Stress Test

ECG electrodes and Medtronic Medical

"Huggables" Infant Monitoring

Electrodcs (Note: All electrodes and

sensors connect through high resis-

tance (100K to lMega ohm) isolation
resistors connecting to battery-

powered (12 Volt Lantern Batteries)
anpliriers and processing circuitry.

The data passes through slip-rings to

data recording equipment,

Safety belt to hold the subject

in the rotating chair (this is

an added safety 'precaution).

Self-contained battery, hand-held,

portable tape recorder used for

letting the test subject know what
head movement to make.

An Astropulse 90 Blocd Pressure Cuff

to record blood pressure.

Manual blood pressure cuff for

pallor calibration,

Two pneumographs used to measure

respiration (both abdominal and

thoracic). The pneumographs are
circumferential belts that employ
strain guages to detect respiration
rate and depth chang's (Note: The
pneumographs are electrically
isoleted from the subject).

Two thermistorvs for measuring skin

temperature

a. One thermistor is connected to an
AUTOGEN 1000 Temperature Indicator

e The other thermistor is attached
to the fourth digit of the test
sub ject.

Two Galvanic Skin Response {GSR)

electrodes for measuring skin

conductance,

Two plethysmographs for measuring

blood flow volume (pallor).

a. the plethysmographs are LED and
photo transistors and one is
attached to the third digit and
the other is attached to the test
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subject's forehead. Both plethys-
mographs are self-adhesive and
in a balsa housing.

WK
T

(b). offline equipment:

1. Three Brushmark 260 6 channel
strip-chart recorders.

2. A Hewlett-Packard 3582A Spectrum
Analyzer will be used for signal
averaging.

3. A VAX 11/785 computer or a Zenith 241
computer will be used for statistical
data analysis.

4. A Kyowa Dengyo RTP-610A Data

Recorder.

An AMPEX FR 1300 14 track FM recorder

2 255 X

[ S
(9]

b. Method

-f?':s

As much as possible, each experiment wil) be
standardized and follow an identical approach, The
first step of tiie experiment will entail the human
volunteer filling out a Medical History
Questionnaire, an AFIT Motion Sickness
Questionnaire, and a Subject Consent Form.
Additionally, each test candidate will receive
both a written and an oral briefing describing
what he/she can expect to experience during the
experiment, as well as have any questions answered
by the experimenters,

Eaa.

P

The second step of tne experiment will consist of
a medical examination (See Attachment 4) by the
attending physician, Dr. William Czelen, to
determine each subject's physical capability to
participate in the experiment. Once the subject's
exam is completed and no problems cited, the
subject will have electrodes of the silver/silver
§ chloride type attached. Parameters to be studied

2% 29

=

will be electrocardiogram, electroencephalogram,
nystagmus, galvanic skin response, pulse rate,

s o, blood pressure, electrointestinograph (a surface
8 electrode over the abdomin for measuring surface
B potential., This procedure is similar to that of
'q] the elctrocardiogram), temperature,
o ﬂ electrogastrogram (the same procedure as the
N electrointestinograph), respiration, and pallor.
i Prior to each electrodes placement, the
By site will be thoroughly and vigorously scrubbed
é A

74
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with alcohol pads in an attempt to remove the
outermost layer of epidermis and oil to assure
good electrical contact, Once all electrodes are
in place and the electrode leads attached to the
appropriate electrode, the subject will be
assisted into the chair and then restrained by
safety belts, The subject's eyes will then be
covered by ocular patches and a blindfold to
prevent any extraneous visual stimuli. Also the
subject will receive final instructions on the
tape recorder's operation. The tape recorder is
used to give instructions to the test subject
regerding the appropriate head movements during
the experiment,

The third step in the experiment will consist of
spinning the subject in addition to the subject
performing the necessary head movements to elicit
a8 motion sickness response. The chair will
initially spin at a rate of 14 revolutions per
minute. The subject's vital signs will be allowed
to stabilize for approximately two minutes during
which time the subject will not perform any head
movements, Approximately five seconds after the
subject is instructed to start the tape recorder,
the individual will commence random left, right,
forward, and upward head movements at ten second
intervals, The subject's physioiogical state will
be constantly monitored and the subject will be
asked for verbal inputs on his/her condition. If
after two minutes, the subject shows no signs of
motion sickness, the chair speed will be increased
by two RPMs., Thereafter, every two minutes the
chair will be increased by two RPMs if the subject
shows no motion sickness signs. Maximum speed of
the chair is 30 RPMs and if a test subject rides
the chair long enough to get to the 30 RPM state,
then the test subject will ride at this speed
until a motion sickness response is elicited.

Upon the subject's request to stop the experiment,
the chair will be decelerated &t a rate of
approximately five revolutions per minute to avoid
any further provocative stimulus, After the chair
has come to a complete stop, the subject will
remain seated until all physiological indicators
return to a state that approaches the pre-test
values., All power to the chair control console
will then be removed to prevent accidental chair
acceleration, After the subject stabilizes, the

. ‘. . AL " 'Y v‘ L '. ‘I-M‘,\Ivv Y 4“‘_\1‘1 I3 .- ',' K a N .. A () 1,90 ‘ '
R o R Xt S a2 e AR SO L RO LS
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blindfold and ocular patches will be removed and
the subject assisted from the chair. All electrode
leads and electrodes are next removed. After a
post experiment interview with the subject
regarding his/her comments about the experiment
and with the approval of the physician, the
subject will then be released.

c. Subjects

Subjects will be chosen at random wusing
personal contact and publicity. Both DOD military
and civilian volunteers will be chosen., We hope to
attract a wide spectrum of test subjects, to
include healthy, adult males and females with no
chronic, disabling injuries. Additionally, no
special training is required. Each potential test
subject will fill out a Medical History
Questionnaire and receive a relevant medical
evaluation to determine their fitness for
participating in the experiment. Subjects will
participate in only one experiment and each
experiment's length will depend on an individual's
susceptibility to motion sickness but will not
exceed an hour. The total number of subjects run
. will depend on the number of volunteers we receive

s 222 B P K M = EE S

Reporting

- dar -
E’-‘.(—x';-
o
.

All test data will not be associated with the
subject's name. Any publication of the data will
not reveal an individual's name or any other
subject specific information. Data will not be
available to anyone other than the investigators,
Upon request, subjects will be debriefed on the
general results of the study. However, after each
. experimental test session, the test subject will
4 be shown the results of their particular test
- session.
|

=z WA

s

Schedule

LA

The time frame for the experiments will begin upon
protocol approval and it is anticipated all data
should be collected by July 1987.

o

' a f. Data Analysis
}, The data will be subjected to a variety of
\ statistical analyses, The major analysis
&
X 76
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techniques will be analysis of variance (ANOVA)
and time series analysis.

III, Medical Risks, Safety Precautions, and Measures
This research using human subjects places the subjects at
minimal risk in accordance with the definition of risk in
AFR 169-3.

Standard medical history and physical evaluations (See
Attachment 4) are administered prior to each experiment,

B A B2 W

No history of subject harm has been reported in previous

K a studies. As part of the initial informed consent briefing
[ subjects will be assured that if discomfort or

w displeasure 1is experienced, they are free to terminate
%‘ @ the exposure without prejudice.

¥

) All physiologic sensors and instrumentation are battery

i‘ powered (12 volts). All electrodes with direct electrical
:} @ contact with the subject are isolated from the onboard
Ny~ signal processing instrumentation and power supplies

' % through 100,000 to 1 million ohm resistors,

The modified MATS chair has been man rated and used safel
over the years in several prior experiments., Further,
only the planetary component of rotation is used and only
in the yaw axis, eliminating risk from cab tilting or

R rolling. As an added safety precaution, the subject is

! secured in the cab by a seat belt,

) S

Finally, as part of the calibration procedures before an
kT experiment, the subject's forearm and hand are tightly
wrapped for approximately a minute with an elastic band-
age to blanch the region--a period tce short to

create any clotting danger or discomfort.

==

IV. References

,.
.
™ g

Adams, V. Deafness, Dizziness, and Disorders of Equilibrium.
Principles of Neurology. 2nd Ed. 1981,

D= Berkow, R. (Ed.). Motion Sicknpesg. Chap 252:2135-2136. Merck
K Manual. l4th Ed. 1982.

&a

Buchsbaum, W.H. Buchsbaums Complete Handbook of Practical
Electronic Reference Data. 2nd Ed. Prentice-Hall Inc. July 1980

R
= &=

Carr, J.J., Brown, J.M. Introduction to Biomedical Equipment
Technology. John Wiley Sons. 1981,

P g
)

77
n

0 A e AN e R A M 0 ANl M N e S N B 0 RIS 0




vy 86-13--21 July 1986--Page 9

Clark, R.G. Chap l4. Egsentials of Clinical Neurcanatomy &
Neurophysielogy. 5th Ed, Manter & Gatz. 1975

Dhenin, G. Motion Sickness. Chap 22:468-493. Aviation Medicine
1978,

A

Earl, Captain Orville A.,, Peterson, Captain Charles H.
Physiological Data Acquisition System and Motion Sickness
Prevention Training, MS Thesis. School of Engineering, Air
Force Institute of Technology (AU), Wright-Patterson AFB, Ohio,
December 1983,

Fitzpatrick, Captain Douglas G., Rogers, Captain Michael A.,
Williams, Captain Robert, Computerized Biophysical Data
Acquisition System for Motion Sickness Studies, MS Thesis,

N School of Engineering, Air Force Institute of Technology (AU),
Wright-Patterson AFB, Ohioc December 1984,

=3 == =B

Graybiel, A.,, Lackner, J.R. Evaluation of the Relationship
Between Motion Sickness Symptomatology and BP, HR, & Body Temp.

Aviation, Space, and Environment Medicine: 51(3) 211-214, 1980.

o Guyton, A.C. The Reticular Activating System, Wakefulness,
Sleep, Attention, Brain Waves, and Epilepsy. Chap 54. Textbook
of Physiology. 6th Ed, 1981,

Hartman, Bryce O, Personal Correspondence. Clinical Sriences
Division. USAT School of Aerospace Medicine. 23 Feb 1982,

= B

|
P4

~

-
<

ol Irwin, J.A. The Pathology of Seasickness. Lancet. Vol 2:907-
909, 1881.

‘- .I :

Jarvis, Captain Norman R., lUyeda, Captain Charles T. An
Analysis of Potential Predictive Parameters of Motion Sickness
Using a Computerized Biophysical Data Acquisition System, MS
Thesis, School of Engineering, Ailr Force Institute of
Technology (AU), Wright-Patterson AFB, Ohio December 1985,

om0

= IR

i g
= "

-1 ]

Johnson, D.E,, Johnson, J.R., Moore, H.D. A Handbook of Active
Filters. Prentice~Hall, Englewood Cliffs, N.J.

‘,
oo

Kohl, R.L., Homick, J.L. Motion Sickness: A Modulatory Role for
the Central Cholinergic Nervous System. Neuroscience and
Behavior Review. Vol 7:73-85, May 1982,

Lancaster, D, Active Filter Cookbvok. H.W. Sams & Co. Ind, Ind.

R X F X R 5 e e ]

[ ;=

Levy, R.A.,, Jones, D.R., Carlson, E.H. Biofeedback
Rehabilitation of Airsick Aircrews, Aviation, Space and
Environmental Medicine., 52(2):118-121, 1981,

- eT.
= -~
":! s

,-—.- F 73 e
; k=

78

l":
DS NG TR R ST REI T SN LA OOC AR L LD LSRN LS DA A S Y TR Sg:’:!



= 5 B2 A R

22k

2 TR 5y R

G |

o
A -

s B T3 BT

F iy

-

86-13--21 July 1986--Page 1i0

Mathog, R.H., Cramer, R.L. Testing of the Vestibular System.
Aerospace Medicine 42(7):741-745. 1971,

McEachern D., Morton, G., Lehman, P. Seasickness and Other

Forms of Motion Sickness. War Medigcine Vol, 2, No. 5. Sept,
1942,

Mohler, S. Motion Sickness and Problems of Air Travel. Texthook
of Medicine. Beeson-McDermott., Chap 29.1. 15th Ed, 1979,

Money, K.E. Motion Sickness. Physiological Reviewgs. Vol 50,
No. 1. Jan., 1970.

Pitman, J.R., Yolton, R.L. Etiology and Treatment of Motion
Sickness A Review. Journal of the American Optometric
Association. Vol 54(1):31-38. 1983,

Ay B . TR Y

Ryback, R.S., Rudd, R.E., Matz, G.J,, Jennings, C,L. Motion

Sickness in USAF Flying Personnel. Aerospace Medicine.
41(6):672-677. 1970,

Schuster, M,M, Disorders of Motility. Texthook of Medicine.
15th Ed. Pg. 1475-79, Beeson-McDermott.1979,

Wolff, H.S. Chap 3. Biomedjical Engineering. McGraw Hill. 1970,

79

B O R A DT TP SR PR RS A s 2 LR OISR 13

N
i,
.i
4



=

86~13~-21 July 1986-~Page 11

PROTOCOL CURRICULUM VITAE

1, Name: William E. Czelen, M,D,
Grade or Rank: N/A (On a grant)

2., Current Position Title: Senior Research Associate.
Location: AFAMRL/AFIT, Wright-Patterson AFB, Ohio.

= B 3=

3. Education:
B.S., Electrical Engineering, Carnegie-Mellon University,
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Parameter: Finger Photoplethysmograph

Subject: #1

Event Time (sec) Value (%)
baseline - 75
- 80
- 75
- 75
- 80
start spin 0 80
10 90
20 95
30 90
40 90
50 80
60 85
head motion 70 90
80 90
90 85
100 85
110 80
120 80
130 75
140 70
150 75
160 75
170 75
180 75
190 80
200 80
210 75
220 70
230 70
240 &0
250 75
260 75
270 70
280 65
stop head motion 290 60
300 70
310 70
320 65
330 70
340 70
350 65
360 60
370 65
380 65
390 65
400 65
410 65
85

APPENDIX B - Subject Data

Date: 23 Jul 86
Time: 1100 - 1115

Symptom




g ﬁ Parameter: Facial Photoplethysmograph Date: 23 Jul 86
. Subject: #1 Time: 1100 - 1115
‘l Event Time (sec) Value (%) Symptom
- baseline - 75
i : 73
: - 75
§ - 75
) @ - 75
¢ start spin 0 80 1
: 10 80
} % 20 80
= 30 75
1 40 75
) 50 75
: ég 60 75
: head motion 70 75
- 80 75
j Q 90 75
* 100 85
j 110 80
: ﬁ 120 80
f 130 85
’ 140 85
] 150 85
: i 160 90
i 170 90
Ly 180 90
’.& 190 90 4
= 200 90
i 210 85
: g 220 85 7
’ 230 100
{ 240 105 9
0 250 105
'%; 260 105
' 270 105
‘ 280 105
Wy stop head motion 290 105
! 300 105
. 310 105
- 320 105
\ 330 105
34) 105
%; 350 105
&S 360 105
i 370 105
y 380 105
& 390 105
, 400 105
‘ & 410 105
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Parameter: Surface Skin Temperature Dates 23 Jul 86
Subject: #1 Time: 1100 - 1115
l Event Time (sec) Value (F) Symptom
baseline - 92.1
@ - 92.1
- 92.1
~ 92.1
& - 92.1
) start spin 0 92.2 1
) 10 92.3
ﬁ 20 92.3
30 92.3
40 92.4
50 92.4
g 60 92.4
| head motion 70 92.4
- 80 92.4
g 90 92.4
100 92.4
N 110 92.4
ﬁ 120 92.4
130 92.4
140 92.4
150 92.4
i 160 92.4
170 92.3
180 92.3
@ 190 92.3 4
200 92.3
210 92.3
! 220 92.3 7
230 92.2
240 92,2 9
250 92.2
@ 260 92.1
270 92.1
280 92.1
@ stop head motion 290 92,7
i 300 92.4
, 310 92.6
ﬁ 320 92.8
330 93
340 93.2
: 350 93.4
3 360 93.6
370 93.7
380 95
ﬁ 390 97
400 99.2
ﬁ 410 99.4

87
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f;: Parameter: Electrocardiogram (EKG) Date: 23 Jul 86
X Subject: #1 Time: 1100 - 1115
:‘:: Event Time (sec) Value(Beats/min) Symptom
d
" & baseline - 78
o - 78
- 60
o~ E - 54
":v - 60
o start spin 0 66 1
¥ 69 10 66
By 20 60
30 72
E 40 66
N 50 66
N e head motion 70 60
N N 80 72
9N 78
N . 100 72
b @; 110 78
G 120 72
i 130 72
i 140 75
_ 150 81
R 160 75
b 170 78
4 ﬂ 180 84
g 190 90 4
' 200 90
m 210 78
g 220 78 7
N 230 84
v ﬁ 240 84 9
" 250 75
' 260 84
» 270 75
- & 280 72
g stop head motion 290 75
N 300 96
g ﬁ 310 78
- 320 72
| 330 69
n ﬁ 340 69
p 350 72
o 360 72
i 370 72
' g 380 66
. 390 63
o 400 72
N & 410 72
¥ E 88
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y Parameter: Thoracic Respiration Date: 23 Jul 86
: Subject: #1 Time: 1100 - 1115
; Event Time (sec) Value(Vol/#Breath) Symptom
" @ baseline - 400/3
A - 400/3
. - 400/2
;‘u - 400/3
. - 400/3
start spin 0 400/1 1
‘ ﬁ 10 350/3
‘ 20 400/4
30 300/3
@ 40 300/4
; 50 350/3
g 60 500/ 4
head motions 70 450/3
| § 80 450/3
90 5§50/4
y 100 650/3
i gﬁ 110 600/3
- 120 600/2
? 130 650/2
d ﬂ 140 700/2
150 750/3
8 160 800/3
- 170 850/2
3 ﬁ 180 900/2
N 190 800/3 4
‘ 200 850/2
. i! 210 900/2
g 220 950/2 7
) 230 950/1
X ﬁ 240 1000/2 g
| & 250 1200/2
260 1200/2
270 1400/2
' ﬁ 280 1100/1
'. stop head motion 290 1100/2
| . 300 1C00/2
- gﬁ 310 1100/3
o 320 1000/2
| 330 900/3
3& 340 900/2
IR 350 900/2
, 360 900/2
y 370 800/1
' % 380 800/1
| 390 700/2
, 400 700/1
: @ 410 800/2
. E 89
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:; Parameter: Diaphragmatic Respiration Date: 23 Jul 86
i l Subject: #1 Time: 1100 - 1115
_3| Event Time (sec) Value(Vol/#Breath) Symptom
L
:‘. g baseline - 100/3
3 - 100/3
: - 100/2
v, a - 100/3
o . - 100/3
'3:‘ start spin 0 250/1 1
o @f 10 250/3
" 20 300/4
30 250/3
; 40 250/4
8 50 400/3
4 60 300/4
N head motions 70 300/3
o iﬁ 80 250/3
. 90 300/4
. 100 550/3
Ve 110 600/3
o 120 600/2
o 130 550/2
b 140 500/2
ﬁ 150 500/3
I 160 600/3
By 170 600/2
i a! 180 600/2
" 190 550/3 4
R 200 450/2
: ! 210 450/2
iy 220 400/2 7
ty 230 600/1
- 240 550/2 9
b Bﬁ 250 550/2
8 260 500/2
270 550/2
q R 280 600/1
oy stop head motion 290 550/2 '
N 300 500/2 N
K ﬁﬁ 310 450/3 ;
N & 320 400/2 1
330 400/3
R 340 400/2 E
i iﬁ, 350 400/2 :
% 360 300/2 -
o 370 300/1
ty 380 300/1
, 390 300/2
& 400 300/1
410 300/2

&
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90
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Parameter: Finger Photoplethysmograph Date: 25 Jul 86
: Subject: #2 Time: 1030 - 1033
‘ Event Time (sec) Value (%) Symptom
{ baseline - 90
! - 85
1 - 90
i - 99
; - 85
Fgg start spin 0 90 |
¥ 10 95
: 20 90
I 30 95
5'8. 40 90
i 50 85
¢ 60 90
‘[E head motions 70 5
" 80 90
: 90 90
| gi 100 85
| W 110 85 2
g 120 90

—
oo
O
[o0]

i s
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e T

stop head motion

0
g
1.
;
? 270 83
3
R
§
L
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Parameter: Skin Surface Temperature

Subject: #2

Event Time (sec)

baseline

start spin

head motions 70

stop head motion 270

330
340
350
360
370
380
390
400
410

92

Vaiue (F)

97.6
97.6
97.6
97.6
97.6
97.6
97.6
97.6
97.6
97.6
97.6
97.6
97.6
97.6
97.6
97.6
97.7
97.7
97.7
97.7
97.7
97!7
97.7
97.7
97.7
97.7
97.7
97.7
97.7
97.8
97.8
97.8
97.8
97.8
97.8
Q7.7
97.7
97.7
97.7
97.7
97.6
97.6
97.6
97.6
97.5
97.5
97.5

Date:
Time:

Symptom

25 Jul 86
1030 - 1033

-




m Parameter: Electrocardiogram (EKG) Date: 25 Jul 86
' Subject: #2 Time: 1030 - 1033
Event Time (sec) Value(beats/min) Symptom
@ baseline - 90
- 96
- B4
" ; 78
- 84
, start spin 0 66 1
| @ 10 66
- 20 66
30 72
m 40 66
% 50 66
_ 60 72
] head motions 70 78
@ 80 78
X 90 78
100 78
. % 110 78 2
‘ 120 78
; 130 78 3
ﬁ 140 78
. 150 78 4
160 78
. 170 84
' @ 180 78 6
190 84 7
, 200 84
| u 210 90 8
220 20
' 230 90
g 240 90 °
250 90
260 84
stop head moticn 270 90
@ 280 81
' 290 81
300 93
@ 310 84
320 78
330 84
@ 340 84
! 350 72
‘ 360 72
: 370 84
ﬁ 380 84
- 390 72
400 75
. W 410 75
’j 93
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Y Parameter: Thoracic Respiration Date: 25 Jul 8 N
::'jf\: Sib?r:ct? #2 Time: 1030 - 1033 :':3
¢ T
§ ‘ Event Time (sec) Value(vol/#breath) Symptom :u;
:«.'Q: ‘N‘.
‘,E: o baseline - 500/3 :Eii."
i : ooy
- 400/3 E
, @ - 400/3 o
= start spin 0 Zggfg 1 8
vh e
g 20 350/4 ",
B % 30 350/3 5
‘ 40 300/3
50 400/4 K
A 60 400/4 ::,.;‘
_— head motions 70 450/3 i
& 80 20052 s
f
s @ 90 50
" 100 650/4 o
. 110 65055 2 e,
S 120 800/4 e
e 130 1000/6 3 3
S 140 600/5 s
E 160 ;gg;g ™
i 170 o
i 180 85055 § ;E'
o g 190 800/5 o,
{'é - 200 750/6 e
k] 210 850/5 8 -
e 220 850/5 m
Tt 230 . 900/6 ‘:‘.:
n':: 240 950/6 ,:dv'
a 250 850 56 9 2
¢ 260 850/6 W
Wt @ e
o stop head motion 270 900/6 »
. 280 800/4 -
N @ 290 900/4 3
i 300 800/4 3
g 310 800/3 N
) 320 800/3 o
e @ 330 300/3 "
) 340 700/3 -
s~ 350 600/ 4 |
B % 360 600/2
370 500/3
A 380 400/2
D @ 390 600/3
T 400 500/1 7
i 410 400/2 %
S "
J.:| % .,'o
s 94
l|:| ,

r.
i._.5
3

\
:‘.‘{ 1
) ' ' - ” "y P L \F 4 ol Ao,
R p 1 ) ! fwtd ¥ 9
b . e ) U0 1,8 9 () Ay C Ol .0
o - RO ) GO FOMOAOBAHOACONUION) W AN Ja o e ey 2 ’
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. Parameter: Diaphragmatic Respiration Date: 25 Jul 86 ,d':t

Subject: #2 Time: 1030 - 1033 e

I Event Time (sec) Value(vol/#breath) Symptom f;;'.

e

| B baseline - 800/3 %

- AR R

- 600 2 v\“':

- 600/3 r

, & - 600/3 i,

g start spin 0 700/3 1 I

: 10 900/3 b

B 20 750/4 I

30 600/3 oS

40 700/3

@ 50 - 900/4

60 900/4 by

5 head motions 70 950/3 i

; 80 750/4 i

ﬁ 90 900/ 4
100 800/4 .

110 800/5 2 B

j ?j 120 800/ 4 e

g 130 950/6 3 e

! 140 750/5 e

K 150 700/5 4 e
160 650/6 :

170 500/6 R

y 180 500/5 6 e

g gﬂ 190 500/5 7 s
'_ 200 400/6 R

210 500/5 8

! 220 500/5

f ¥ 230 600/6 it

- 240 600/6 N

! @ 250 55056 9 o

¥ 260 450/6 o

’ stop head motion 270 400/6 "‘?"

280 500/4 o

- ﬂ 290 500/ 4 o

' 300 500/4 e

_‘ 310 600/3 3
~ % 320 600/3 b

: 330 500/3 -

- 340 400/3 A

| g; 350 500/ 4 R

- 360 600/ 4 W

- 370 500/2 N

; 380 500/3 o

ﬂ 390 400/2 e

400 400/3 o

410 400/1 Ny

:

4 ...:

95 I

g DN

- g [ X

3
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e on
e
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i
| ==

ur .
o g
‘u':':: Parameter: Galvanic Skin Reflex (GSR) Date: 25 Jul 86
ﬂ?:y" Subject: #2 Time: 1030 - 1033
'.e,. l Event Time (sec) Value (K) Symptom
i."
ol baseline - 1000
) @ - 975
“:‘l' - 950
- 925

n & - 900
\_.“%_, ; start spin 0 884 .1
& 10 875
b @ 20 875
‘h') i )
30 875
- 40 875
N o 50 875
. R 60 865
L. head motions 70 854
A 80 700
% 90 700
Y 100 563
a & 120 420
i 130 420 3
i 140 380
iy a 150 380 4

160 340
o 170 380
o 180 350 6
o @ 190 170 7
g 200 280
Y 210 180 8
) 8 220 280
e 230 320
oy 240 350
..;, : 250 400 9
‘.'.|C % 260 420
! stop head motion 270 440
- 280 450
2, @ 290 465
N 300 480
Al 310 500
ot @ 320 520
o 330 540 ™
i 340 563 e
o 350 570 i
9;\:; ﬁ 360 580 s
ool 370 595 o
0 380 610 e
A g 390 625 "
400 640 o
5 410 655 M
o B %
o ol
g 96 i
g s o LAl
(N E ';:
e e
R A R R R M B R R e KRR R R BRSO MU AR




Parameter: Finger Photoplethysmograph Date: 30 Jul 86
n Subject: #3 Time: 1018 - 1024
@ Event Time (sec) Value (%) Symptom
baseline ~ 90
e - 90
@ - 90
' - 90
- 90
ﬁ start spin 0 90 1
; 10 90
20 90
™ 30 90
ta 40 - 95
50 80
Iy head motions 60 80
w 70 80
80 80
90 80
&3‘ 100 80
110 80
120 80 2
130 75
ﬁ 140 75
150 75 5
160 85
@ 170 75
: 180 80
190 75
g 200 80
210 75
220 80
@ 230 70 :
240 75 8 W
250 85 i
) 260 85 9—10 s
@ stop head motion 270 80 el
280 75 R
290 75 3
@ 300 70 e
310 65 .
320 65 i
ﬁ 330 70
340 70
350 70
360 70
@ 370 75
380 70

"ot
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Parameter: Surface
Subject: #3

Event Time
baseline

start spin

head motions

stop head motion

’}”“ .Q.(l; 1l||||v01 |‘l ;

il‘l |1§l \

Sk

(s

220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
380

l!l

‘¥ u‘!

in Temperature

ec) Value (F)
79,8
79.8
79.8
79.8
79.8
79.8
79.8
79.8
79.8
79.8
79,8
79,8
79.8
79.8
79.8
79.8
79.8
79.8
79.8
79.8
79.8
79.8
79.8
79.9
79.9
79.9
79.9
79.9
79.9
79.9
80.0
80.0
80.0
80.0
80.0
80.0
80,0
80.0
80.1
80.1
80.2
80.3
80.4
80,4
80.5

98
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Date: 30 Jul 86
Time: 1018 - 1024 ‘T

Symptom

9-10
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Eé Parameter: Electrocardiogram (EKG) Date: 30 Jul 86
i Subject: #3 Time: 1018 - 1024
Event Time (sec) Value(beats/min) Symptom
@ baseline - 84 :
- 72
' - 66
E - ot
- 60
start spin 0 66 1

head motions 60 81

L9,
oo
~N -~
v Qo

T
.
N

o

O

(&)

[ 2]

140 90
ﬂ 150 87
160 87
170 78 5
ﬁ 180 90
190 75
200 75
E 210 66
220 75
230 69 8
: 240 84
@ 250 75
260 75 9-10
@ stop head motion 270 75
NG 280 60
- 290 66
) 300 60
E 310 66
. 320 54
- 330 54
1o SN 356 63
0 360 57
370 66

i
3
s

380 60
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. Parameter: Thoracic Respiration Date: 30 Jul 86 44".
‘ ' Subject: #3 Time: 1C18 - 1024
B 0
&% Event Time (sec) Value(vol/#breath) Symptom ﬁw
?.Q @ |"4|
o baseline - 700/3 R
0y - 650;3 v
- 600/3 o
ry g - 600/2 ;.tl'.
B - 600/ 2
i start spin 0 650/3.5 1 b
b ¥ S
N 20 . '
30 80052.5 —
. 40 700/3
0 @ 50 700/3.5 o
0 head motions 60 ' 750/3 el
0 70 900/3.5 e
E 80 650/3.5 A
‘ 90 750/3,5 .
A 100 350/5 .
SN 110 500/4 -‘ﬁ;l:'
< 120 700/4 2 o
o 130 900/3.5 N
* i 140 700/3.5
. 150 900;2.5 5 o
160 850/3.5 fae
N0 170 850/4.5 ot
o % 180 650/3 el
- 190 Zoo;a S e
- 200 00/3.5
1 210 850/3 =
Ry 220 1250/3 o
- 230 1250/4 8 o
b ﬁ 240 1200/3.5 il
Y 250 1000/3.5 ity
260 900/3 9-10 -y
: stop head motion 270 900/3 e
gy E 280 900/3 o
o 290 1000/3 by
" - 300 1200/3 0::.‘3‘.
5 310 1000/3 e
- 320 1000/2 ™y
" 330 900/3 L
é @:{2 340 900/2 ;g‘
L 350 1000/2 ».32‘
o 360 1000/2 §e0)
3 g 370 80052 B
380 1000/1 —
% oy

I
S
R N M

=
o

a0,
R
S

I 100

.‘ ’-

-

) i

- ’ v
t‘ %.:
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y \
A Hyih
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RY Parameter:; Diaphragmatic Respiration Date: 30 Jul 86
' Subject: #3 Time: 1018 - 1024
'.:E; ﬁ fvent Time (sec) Value(vol/#breath) Symptom
o baseline - 350/3
. - 300/3
-, E - 300/3
c1 - 300/2
y - 300/2
w ﬂ start spin 0 300/3.5 1
. 10 300/3
20 300/2.5
@ 30 400/2.5
A 40 400/3
i 50 500/3,5
j.'(: ﬁ head motions 60 700/3
N 70 550/3.5
80 80053.5
N . 90 550/3.5
R @ 100 700/5
:'*« g 110 750/4
'!':ef 120 700/4 2
o 130 750/3.5
o 150 550/2.5 5
:‘.' 160 550/3.5
2 B 170 700/4.5
W 180 800/3
U 190 600/3
) q 200 800/3.5
o . 210 800;3
220 600/3
£ ﬁ 230 850/4
N 240 650/3.5 8
250 400/3.5
260 400/3 9-10
o ﬁ stop head motion 270 400/3
K 280 500/3
i 290 600/3
w 300 500/3
Ay X 310 450;3
- 320 400/2
ol 330 450/3
R 340 500/2
N 350 500/2
o 360 500/2
ﬂ 370 500/2
N 380 500/1 -
L T“
T ‘a
" .
::') ' Xl
- [: 101 )
Ko : R
l:l: 1
‘ . . - DA
0 :a.b.La*.\“ﬁ‘ R Dot "’t""‘,ﬁ’.’." ’i‘ b u’.:t' o 'h'-' ‘t' R v A e e G e " iy “*1 "e“v (RN
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Parametet: Galvanic Skin Reflex (GSR) Date: 30 Jul 86 W

Subject: #3 Time: 1018 - 1024 o

. Event Time (sec) Value (K) Symptom "y

t &
baseline - 380
Il - 380
- 380
r - 390
; - 390

ﬂ start spin 0 390 1

10 390

20 390 '

o 30 420 i

} = 40 435 »

: 50 450 i

head motions 60 465

70 495
80 540 |
90 570 g
100 585
110 690 ,
120 765 2 KX

130 750
140 750 .
150 840 5 , o
160 780 3
170 810 "
180 780 b
190 735 .
200 660 A
210 690 b
220 720 !
870 o
750
250 780
260 750 9-10 I
stop head motion 270 750 N
280 740 b
290 730
300 720 ,
310 720 r
320 720 e
330 720 o
340 720 .
350 720 I
360 : 750
370 750
380 750 i

ol I K. Py

OB 22 20 a R W o R 32 B
™
oo
o]

102

1 i i
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Parameter: Finger Photoplethysmograph Date: 5 Aug 86
Subject: #4 Time: 1054 - 1059
{_',;: Event Time (sec) Value (7%) Symptom
g’(:,
" baseline - 50
v - 75
- 80
» - 75
‘. - . 80
N start spin 0 90 1

f,
&= B8R
N =
oo
\O O
o o

30 90 2
g 40 90
" 50 90
¥ head motion 60 85
< 70 90 3
N 80 85 5
“ 90 90
. 100 90
& K 110 90
) 130 85
B 140 85
3 150 85
o 160 85 6
B 170 85
‘:.; m 180 85
o 190 90
Y 200 80 6-7
& 210 85
> 220 85 8
R 230 75
K @i 240 80 9
L 250 75
: 260 80
k 270 80
N Eﬁ 280 5
= stop head motion 290 80 10
n 300 70
I @ 310 75
' 320 70
. 330 65
l:(:l @ 340 70
:w:;‘ R 350 70

419 65

103
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Parameter; Surface Skin Temperature

Subject: #4

Event Time (sec)

baseline

start spin

head motions 60

stop head motion 290

320
330
340
350
360
370
380
390
400
410

104

Value(F)

87.8
87.8
87.7
87.7
87.7
88.7
88,7
88.5
88.5
88.4
88.4
88.3
88,3
88.3
88,2
88,2
88.2
88.2
88,2
88.1
88.1
88.1
88.0
88.0
88.0
88.0
88.0
87.9
87.9
87.9
87.8
87.7
87.6
87.5
87.4
87.4
87.4
87.3
87.3
87.5
87.7
87.9
88.1
88.3
88.6
88.8
89.0

Date: 5 Aug 86
Time: 1054 - 1059

Symptom
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I et
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:‘I(' A 86 ':::"‘r
¥ a Datecs: 5 Aug A
::‘T‘ Parameter;} Electrocardiogram (EKG) Time: 1054 - 1059 2__
) Subject: #4 ot
K ’ Value(Beats/min) Symptom .'3:5'1
. Event Time (sec) alu :'3::
108 By
:;"!: baseline : 102 _‘Q:i:f'
i b _ 102 s
by _ 102 P'.;(aw-
A0 i 0 123 :‘:;n‘
::: start spin 10 129 ,:,':‘53
132 et
?:’:: 20 135 2 -~ur
;H.c 30 1 3 2 ,".’\."
¢ pd 105 R
2 126 e
v 1(& ti 60 3 ‘At.‘:‘l
o head motion 126 Nt
o 70 132 5
e 80 -
':". ‘ 90 12%
o ﬁ 100 129 o
120 e
& 110 126 o
& 129 111 o
""l ﬁ 130 \; L N
o 140 120 '
N 150 120 6
0 120 X0
B o,
ﬁ 160 123 g
180 132 i
NS 126 u')‘.
f': & 190 135 6~7 ):-;'fa‘
o 200 2%
219 132 8 )
) ‘ 220 "
114 }
‘ 230 126 9 .
5 230 120 o
% 220 126 -
ot % . 120 N
' 270 126 b
) A% ¢
290 129 0 e
w @ stop head motion 290 129 0
»j.‘ 111 .‘V:l\
R %58 114 ‘
! = 114 1.
f':t' 33"/ 108 |:|‘ *l
' 340 N
, 102 e,
‘(‘:‘ [) 350 ]US l:‘;';‘
e ﬁ 360 - o
) 370 105 s,
N 0 90 v;";:;
@ 39 93 o
/ 400 oe o
o 410 f
i )
§ 105 .

e P
2

O A 3 A A A
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7 Parameter: Thoracic Respiration Date: 5 Aug 86
. Subject: #4 Time: 1054 - 1059
o/ Event Time (sec) Value(vol/#breath) Symptom
-
!f,‘:. &j baseline - 28052
«/ . - 0
Y - 600;3
- 800/3
iy ﬁ - 900/2
.:o', start spin 0 1000/2.5 1
ol 10 1100/3
K @ 20 700/3.5
30 800/3 2
| 40 650/3
@ 50 500/3.5
) head motions 60 1100/4
W 70 900/5.5 3
& 80 1000/3 5
m 90 500/1.5
. 100 400/3.5
o 110 300/4.5
& M 120 500/4
" 130 700/3.5
0 140 700/3.5
ﬁ 150 500/4
. 160 1200/3.5 6
e 170 48054 5 '
S 180 700/3.
s @ 190 900/4
gy 200 1000/2.5 6-7
" 210 450/3.5
-/ ﬁ 220 1000/3.5 8
5 230 900/4.5
o 240 1500/3 9
0 g 250 1100/4
260 2100/3
270 1600/3.5
. ﬁ 280 1700/4
e stop head motion 290 1500/4 10
W 300 1500/2
T 310 1600/2
& & 320 1500/2
330 1500;2
- 340 1500/2
" ‘?C( 350 1300/3
o IS 360 1500/2
e 370 1600/1
N 380 15002
ﬂ 390 1400/2
" 400 1300/2
1300/1

‘: . ,.?’:
==X
o

—

o

106

i3
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Parameter: Diaphragmatic Respiration Date: 5 Aug 86 .;,::- _
' Subject: #4 Time: 1054 - 1059 o
Event Time (sec) Value(vol/#breath) Symptom o
@ baseline - 600/3 o
- 600/4 "":\ .
- 600/3 =
E - 500/3
- 700/2 o
start spin 0 800/2.5 1 o
- 10 800/3 O
@ 20 850/3.5 KN
30 1200/3 2
40 900/3 —
@ 50 900/3.5
head motions 60 1300/4 N
70 1000/5.5 3 N
. 80 10G0/3 5 R
@ 90 700/1.5 -
100 1000/3.5
110 600/4.5 B
ﬁ 120 800/4 i
130 800/3.5 i
H 150 500/4
160 600/3.5 6 .
170 500/4 "
; 180 500/3.5 i
ﬁ 190 1100/4 K
200 1000/2.5 6-7 N
. 210 700/3.5 i
E 220 600/3.5 8 -
230 700/4.5 : o
, 240 600/3 9 B
@ 250 450/4 -
260 500/3 &
270 400/3.5 1
280 600/4 X
& stop head motion 290 500/ 4 10 :‘.:
300 500/2 e
310 400/2 A
@ 320 400/2 E‘(.
= 330 400/2 %
o 340 400/2 xi
o m 350 400/3 i
il 360 400/2 B
o 370 500/1 o
% 8 380 500/2 o
- a 390 500/2
o 400 500/2 r
oy 410 500/1 e
"" E&' ":o
'n\l ! :‘“
i el
! 107 o
x L i
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¥ ﬁ %
4 ‘!‘
E ;
4 v
0: Parameter: Galvanic Skin Reflex (GSR) Date: 5 Aug 86 'ﬁ:
v ' Subject: #4 Time: 1054 - 1059 o
¢ Event Time (sec) Value (K) Symptom o
4 \f,
\ @ baseline - 1300 b
; - 1300 \
. - 1300 e
- 1300 t
§ & - 1300 , 5
o start spin 0 1184 1 s
3 10 1104 X
. ﬁ 20 1104 i
" 30 1104 2
40 1024
. m 50 1024
: head motions 60 960 i
¢ 70 854 3 N
o 80 854 5 v
¢ W 90 854
.. 100 854
Y 110 854 ¢
B 120 854 "
o 130 854 o
» 140 854 X
ﬁ 150 854 L
_ 160 854 6 \
N 170 854 i
) 180 854 "
2] @ 190 854 '.g
e 200 854 6-7 N
210 854
, l 220 854 8 b
T 230 854 K
o 240 854 9 9
A @ 250 854 X
f 260 854 &
: 270 854
, 280 854 o
:; @ stop head motion 290 854 10 K
B 300 950 2
o 310 950 e
N &3 320 950 X
v 330 950 )
- 340 925
¥ @ 350 900 |
VIR 360 875 .
b 370 854 ’
! o 380 825
‘ ﬁ 390 800
‘,: , 410 730 *
| A *
f: 108 !
{ -
) .
. R I D L T R KRS Sk A L N




-y !ﬁ
X
%
kX
R Parameter: Finger Photoplethysmograph Date: 12 Aug 86
: ‘ Subject: #5 Time: 1149 - 1152
A:’
i‘ @ Event Time (sec) Value (%) Symptom
"' baseline - 70
: - 75
. li - 75
k) - 70
¢ - 75
" E start spin 0 80 1
S 10 85
20 80 2
g ! 30 60
i 50 75
5 head motions 60 65
" w 70 75
. 80 80 6
- 90 80
Ji': gJ‘ 100 65
“;’. O 110 60
& 120 70 8
¢ 130 60
ﬁ 140 65
L 150 65
f!:l stop head motion 160 70 9
Y @ 170 65
o 180 60
SN 190 50
g 200 60
i 210 60
&y 230 55
'1:1 @ 240 60
o, 250 60
. 260 60
W, & 270 65
a " 280 70
; 290 60
M ?ﬁ 300 60
" 310 60
,0;\ v
v gg
A
i
oy ﬁ
ot
(N O :.:\,,
i
& IR
t .‘0;*
": 'p."!},
‘ ; o
. 0‘.:\‘
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Parametsr: Surface Skin Temperature Date: 12 Aug 86 ::::‘:
' Subject: #5 Time: 1149 - 1152 ::‘;(; ‘
Event Time (sec) Value (F) Symptom ‘E:“
eyt )
ﬁ baseline - 84,8 b
- 84.8 o
- 8&09 ‘T
i - 84.9
2 - 85 ,h:a
start spin 0 85 1 et
& 10 85
20 85.1 2
30 85.2
40 85.2 b
@ 50 85.2 X
head motions 60 85.2 b
70 85.2 b
@ 80 85.3 6 .
90 85.3
100 85.4 i
@ 110 85.5 o
120 85.6 8 o
| 140 8.9 &
w 150 86.1
stop head motion 160 86.3 9 o
170 86.5 W
gﬁ 180 86.7 A
' 190 86.9 i
200 87.2
g 210 87.5 o
220 87.8 ke
230 88.2 ,:.{.
240 88.5 fiw -
@ 250 88.9 b0t
260 89.5 '/
270 90.0 o g
g 280 90.6 o
290 91.3 e
| 300 92.0 N
@ 310 92,5 i
St
o
o) ’ waz.‘
o \ e
X B 5
U K
2 & 3
\;v v :;:::
L - R
g 110 iy
. 1'3:t
0 ,
& 3
o '
\}
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Parameter: Electrocardiogram (EKG) Date: 12 Aug 86 v:f:[

Subject: #5 Time: 1149 - 1152 :;_

i "
Event Time (sec) Value(beats/min) Symptom E::‘
LA

& baseline - 54 Ha
- 60 L!'l.

- 54 e

ﬁ - 54 o
‘ - 60 lly
; start spin 0 78 1 '::;ﬁ
g 10 84 o
20 96 2 kil

30 96 A

& 40 96 N
head motions 60 84 .

; 70 84 ot
@ 80 84 6 e
90 78 -

100 72 b

EZ 110 66 2
120 48 8 G

130 48 b

140 66 e

ﬁ 150 54 .
stop head motion 160 60 9 o

170 60 2

gﬂ 180 42 o
160 36 !

200 39 "

R 210 36 -
~ 220 36 R
230 57 o

g 240 60 N
: 250 60 R

260 60 A

i 270 66 ;"Y
@ 280 66 -
290 63 o
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% Parameter: Thoracic Respiration Date: 12 Aug 86
‘ Subject: #5 Time: 1149 - 1152
Event Time (sec) Value(vol/#breath) Symptom
@ baseline - 400/4
- 400/4
- 500/4
! - 500/4
- 600/4
start spin 0 650/4 1
ﬁ 10 500/6
20 600/6 2
30 650/5.5
B 40 850/4
50 800/4.5
head motions 60 800/5
70 600/4.5
ﬁ 80 650/4.5 6
90 550/4.5
. 100 750/4
&% 110 650/5
120 850/4.5 8
_ 130 700/4 .5
ﬁ 140 900/3.5
150 900/3
stop head motion 160 850/4 9
170 1000/2
% 180 1100/2
190 1100/2
200 1100/2
I 210 1000/2
220 1200/2
230 1100/2
m 240 1100/2
250 1100/2
260 800/2
270 900/2
280 900/3
290 1000/2
300 1000/2
310 1000/2
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@ Parameter: Diaphragmatic Respiration Date: 12 Aug 86
' Subject: #5 Time: 1149 - 1152
Event Time (sec) Value(vol/#breath) Symptom
&3 baseline - 100/4
- 100/4
- 100/4
ﬁ - 100/4
- 100/4
start spin 0 450/4 1
@ 10 500/6
20 550/6 2
30 450/5.5
ﬁ 40 450/4
| 50 400/4.5
head motions 60 *350/5
ﬁ 80 650/4.5 6
90 900/4.5
\ 100 1000/4
E’S 110 850/5
120 1200/4.5 8
130 1200/4.5
ﬁ 140 1300/3.5
. 150 1250/3
stop head motion 160 1400/4 9
170 1500/2
ﬁ 180 1500/2
190 1500/2
200 1400/2
g 210 1500/2
220 1500/2
230 1500/2
§ 240 1500/2
/ 250 1500/2
260 1500/2
270 1400/2
@ 280 1200/2
290 110C/2
A 300 1100/3
& 310 1000/2
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Parameter: Galvanic Skin Reflex (GSR) Date: 12 Aug 86 n

' Subject: #5 Time: 1149 - 1152 N
Event Time (sec) Value (K) Symptom ‘,‘::

%

@ baseline - 46 o
- 46 i

- 46 -

g - 46 . .\‘L':
) - 46 o
, start spin 0 46 1 s
% 10 65 e
20 70 2 8

30 85 »

40 85 T

ﬁ 50 85 2
head motions 60 85 e

70 95 &

ﬁ 80 95 6 "
90 135 o

_ 100 140 -
&ﬂ 110 120 &
120 175 8 o

130 175 '

140 215
i 150 230

stop head motion 160 240 9 N

170 250 N

% 180 265 2
190 280 e
200 290 N

Q 210 300 i
: 220 300 N
230 310 o

@5 240 320 o
250 320 K

260 330
270 330 T

a 280 330 f{,
290 340 e

. 300 350 K
%‘ 310 350 oy
L ‘ l'i;"
S
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Parameter: Finger Photoplethysmograph Date: 13 Aug 86 &
' Subject: #6 Time: 1037 -~ 1045 .
it;l;
. e
& Event Time (sec) Value (%) Symptom £
baseline - 65 _ i
- 65 )
. . 63
- 65 N
- 75 ‘::
ﬁ start spin 0 75 1 ¥
10 80 .
20 75
@ 30 75 W
" 40 75 i3
50 80 R
o head motions 60 85 0N
p.¢ 70 90
80 80 |
90 95 i
& 100 85 2 "
110 85 o
120 85 o
130 85
3 140 75 "
150 75 v
' 160 70 o
@ 170 70 .
180 65 0
190 . 75
& 200 65 :
210 60 o)
220 65 &
% 230 65 3 %
240 70 ty
250 70 :
260 70 -
@ 270 70 i
‘ 280 70 i
. 290 60 :-,
@ 300 70 i
310 75 )
320 15 4 '
ﬁ 330 75 6-7
340 75
350 65
; 360 70
ﬁ 370 75 8
. 380 70
o 390 70 9 }
g A 400 75 |
g ° 410 80 I
)
w 115 b
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stop head motion

420
430
440
450
460
470
480
490
500
510
520
530
540
550
5360
370
580
590
600
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Parameter: Surface Skin Temperature Date: 13 Aug 86
Subject: #6 Times: 1037 ~ 1045
Event Time (sec) Value (F) Symptom
V)
I baseline - 94.8
- 94.8
B - 9408
i - 94.8
: - 94.8
. start spin 0 94.8 1
ﬁ 10 94,8
20 94,8
30 94.6
T 40 94.6
W . 50 94.6
head motions 60 94,6
70 94.5
ﬁ 80 94.5
90 94.5%
100 94 .4 2
@ 110 94,4
120 94.4 4
130 94,3
o 140 94,3
' 150 94,2
160 94,2
| 170 94,2 :
B 180 94.1 ;
: 190 94.1 ‘
200 94.1 i
g 210 94,1
‘ 220 94,05
230 94,05 3
240 94.05 1
@ 250 93.9 :
260 93.9
270 93.9
@ 280 93.9
/ 290 93.9
) 300 93.9
@ 310 93.8
d 320 93,8 4
.. 330 93.8 6-7
! 340 93.8
@. @ 350 93.8
th 360 93.8
o - 370 93.7 8
N ﬁ 380 3.7
- 390 93.7 9
X 400 93,7
;i? ﬁ 410 93.6
%; g 117




e s -

5 420 93,6
: 430 93.6
‘ stop head motion 440 93.6
- 450 93,6
o 460 93.6
;; L, 470 93,6
R 480 93,6
- 490 93,7
500 93,7
I 510 93.7
520 93.8
530 93.9
H 540 93.9
550 94,0
560 94,1
Y 570 94,2
S 580 94,2
e 590 94.3
v|"“; %
L”‘,
.
N %
‘\'
‘w
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Parameter: Electrocardiogram (EKG) Date: 13 Aug 86
Subject: #6 Time: 1037 - 1045

Event Time (sec) Value(beats/min) Symptom

baseline

start spin 0 84 1
10

g

3 5% B2 22 5 g 522 o 2P OME O SS BE O B E X OB O EE
=
o
~J
[ V]

head motions 60 72

210 78

220 90

230 66 3
240 78

250 72

260 90

270 72

280 72

290 72

300 90

310 72

320 84 4
330 78 6-7
340 78

350 78

360 102

370 72 8
380 84

390 72 9
400 84

410 72
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stop head motion

420
430
440
450
460
470
480
490
500
510
520
530
540
550
560
570
580
590
600
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" Parameter: Thoracic Lespiration Date: 13 Aug 86 s
t . Subject: #6 Time: 1037 - 1045 A
;:;'. Event Time (sec) Value(vol/#breath) Symptom 3
r"l 4 ';,‘ﬂ"
5 ﬁ baseline - 300/3 L
o - 300/3 K
- 300/3
. ﬂ - 300/3 i
- 300/3 R
: start spin 0 300/4.,5 1 &1
, ﬁ 10 350/4.5
; 20 400/3.5
30 ' 400/3.,5 ‘
ﬂ 40 400/ 4
v 50 400/4 R
-:’. head motions 60 450/4 b
o 70 300/6 e
. ﬁ 80 450/3
' 90 400/4
0 100 500/4 2 o
" ﬁ 110 300/4 e
v 120 400/4 O
3 130 300/3.5 o
i ﬁ 140 400/4
150 400/4
“ 160 350/4
o 170 250/4.5
g 180 450/3 o
g 190 550/3
‘ 200 400/ 4
. B 210 250/4
" 220 600/3 b
o 230 400/2.5 3 R
f;. @ 240 500/3 n
i 250 350/3 Ny
‘ 260 500/2.5 ‘wh
) - 270 400/3
i 280 4503 e
; 290 450/3 W
. 300 700/2 R
8 ﬁ 310 600/1.5 S
i 320 700/2 4 -
‘ 330 650/1.5 6-7
y @ 340 550/2 R
Vi 350 550/2 i
A 360 1200/1 R
it 370 500/2 8 Iy
' g 380 550/2 o
v, 390 600/2 05 9 \,‘|I
I 400 950/1.5 4
K. Q 410 800/2 o
-L»" ’ glq
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& 420 850/2
430 600/2
' stop head motion 440 1200/1.5
450 800/1
460 800/1
470 900/2
@ 480 700/2
‘ 490 700/2
500 600/1
ﬁ 510 500/2
- 520 600/2
530 600/2
@ 540 600/2
550 400/1
560 500/1
570 500/2
@ 580 400/2
590 400/3
N 600 400/3
"I
}
n.
3 @
0
‘
'y ﬂ
5
1] L
¢
i
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E Parameter: Diaphragmatic Respiration Date: 13 Aug 86
- ' Subject: #6 Time: 1037 - 1045
:\'.:i Event Time (sec) Value(vol/#breath) Symptom
A \
R ﬁ Baseline - 250/3
5 - 250/3
- 250/3
;L !! - 250/3
) ) - 250/3
Ry start spin 0 250/4.5 1
! @ 10 250/4.5
& , 20 250/3.5
' 30 300/3.5
. 40 300/4
R E! . 50 300/4
N head motions 60 300/4
-#' 70 450/6
g 80 600/3
' 90 550/4
o 100 400/4 2
) §1 110 300/4
O 120 300/4
- 130 250/3.5
b 140 200/4
i 150 200/4
o 160 200/4
7. 170 200/4,5
7 hj 180 250/ 3
Y 7 190 300/3
a 200 100/4
ﬁ 210 300/4
@ 220 300/3
o 230 150/2.5 3
! @ 240 250/3
R , 250 250/3
% 260 250/2.5
| - 270 150/3
5 280 100/3
h: 290 100/3
g 300 300/2
) % 310 250/1.5
&4 320 350/2 4
. 330 250/1,5 6-7
y 340 350/2
th @ 350 . 150/2
0 360 500/1
" 370 450/2 8
" W 380 400/2
- 390 300/2.5 9
W 400 350/1.5
) % 410 600/2
W ’
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stop head motion

420
430
440
450
460
470
480
490
500
510
520
530
540
550
560
570
580
590
600

124

400/2
300/2
500/1.5
500/1
600/1
600/2
600/2
600/2
500/1
500/2
500/2
500/2
500/2
500/1
400/1
300/2
300/2
300/3
300/3
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Parameter: Galvanic Skin Reflex (GSR)

Subject: #6
Event

baseline

start spin

head motions

Time (sec)

310
320
330
340
350
360
370
380
390
400
410

Value (K)

845
845
845
845
845
845
850
850
860
875
885
890
890
880
880
880
880
900
880
900
880
900
890
870
880
880
880
880
845
840
820
810
810
810
730
730
770
830
810
870
850
770
770
770
840
790
750

125

Date: 13 Aug 84
Time: 1037 - 1045

Symptom




420
430
stop head motion 440
450
460
470
480
490
500
510
520
530
540
550
560
570
580
590
' 600

sk O 2=

5=

N
{5

g2
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790
810
810
820
825
830
830
835
840
845
850
854
854
854
854
854
860
865
870
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Parameter: Finger Phctoplethysmograph Date: 14 Aug 86
Subject: #7 Time: 1013 - 1017
Event Time (sec) Value (%) Symptom
baseline - 70
- 70
- 70
- 60
- 60
start spin 0 70 1
9§ 10 85
¢ 20 70
30 65
@ 40 70
) 50 75
head motions 60 70
N\ 70 70
a 80 65 2
90 60
, 100 60 3
1§ 110 60
" 120 60
130 55 4=5
140 55
i 150 55 6-7
160 60
170 60 8
a 180 50
190 50
200 45
I 210 35
220 . 30
230 25 9
% 240 30
' stop head motion 250 30 10
260 25
270 25
g 280 25
N 290 30
300 35
@ 310 35
320 35
330 30
§ 340 35
' 350 30
360 30
370 35
@ 380 35
390 40
,, 400 40
,g 410 40
A
127
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ﬂ Parameter: Surface Skin Temperature Date: 14 Aug 86
' Subject: #7 Time: 1013 - 1017
Avent Time (sec) Value (F) Symptom
ﬁ haseline - 93.3
- 93.3
- 93.3
- 93.3
& - 93.3
start spin 0 93.3 1
o 10 93.3
g{; 20 93.2
: 30 93.2
40 93.2
ﬁ 50 93.1
head motions 60 93.1
70 93.1
80 93.1 2
w 90 93.1
100 93 3
. 110 93
ég 120 93
g 130 93 4-5
140 93
“ 150 93 6-7
160 93
170 93 8
180 92.9
ﬁ 190 92.9
200 92.8
210 92.8
! 220 92.8
: 230 92.7 9
240 92.7
@ stop head motion 250 92.6 10
: 260 92.6
270 92.5
280 92,5
§ 290 92.6
300 92.6
) 310 92.6
& 320 92.7
330 92.7 |
340 92,7 |
350 92.8 |

S

360 92.9
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@ Parameter: Electrocardiogram (EKG) Date: 14 Aug 86 :
Subject: #7 Time; 1013 - 1017 ﬁ
i Event Time (sec) Value(beats/min) Symptom
baseline - 69 '
% - 78 U
- 69 ‘ p
- 60
: : ¢
start spin 0 63 1 \
10 66 ;
ﬁ 20 63 i
30 6%
40 66
50 £l |
@ head motions 60 81 '
70 96 ; y
80 78 2 0 :
i 90 90 -
100 78 3 |
110 72
a 120 90
130 72 4-5
140 87
150 75 6~7
i 160 72
170 84 .8 '
180 72 !
i 190 78 :
b 200 78 g
210 69
u 220 72
230 66 9
240 72 :
stop head motion 250 69 10 :
@ 260 66 ¢
' 270 63
280 63
@ 290 66
' 300 60 *
310 66 ;
&Q 320 60 »
330 63 i
340 60 i
] 350 60
i« 360 66
‘ 370 66
i 380 69 ;
ﬁ 390 69
.. 400 66
A 410 66
e O
3 8 ;
nb; .
5? . 129 ;
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AL Parameter: Thoracic Respiration Date: 14 Aug 86 ::«
Subject: #7 Time: 1013 - 1017
"‘.'. ' Event Time (sec) Value(vol/#breath) Symptom v
7;'.. l:.
ol g baseline - 500/3 v
o - . 50.05 2 "
S - 500/3 '
) 8 nd 450/3 *
- 500//3 2
N start spin 0 550/3.5 1 e
18 25053.5 N
2 507/3.5 '
ﬁ 39 400;3.5 ;
40 550/3,5 -
" & 50 500/4 e
MY head motions 60 . 60054 i
R 70 500/3.5
o 80 650/2.5 2
ok @ 90 70053
100 700/3 3 R
110 750/2.5 &
R @ 120 750/2.5 "
IR 130 800/2 4-5 a
o 140 800/2 iy
" ﬁ 150 750/2 6-7
, 160 800/2 -
Gt 170 850/2 8 e
Wl 180 700/3 o,
s % 190 850/1.5 e
:!'3: 200 700/2.5 :::1
219 700/2.5
) E 220 700/2 B
R 230 750/2 9 A
o 240 800/2 o
"y ﬁ stop head motion 250 900/2 10 o
e 260 700/3 ’
s 270 600/3 ‘w
N » 280 800/2
Ry 290 800/3 ot
ey 300 900/1 o
e 310 900/1 i
B\ @ 320 900/1 v
330 80052 t‘
] 340 800/1
gt @ 350 700/2 :2?
Y K 360 700/2 .
N 370 800/1 g
e 380 700/2 i
N = 390 700/2
& 400 700/2 e
. 410 800/2 R
wa fﬁ :%;3

i 130
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Parameter: Diaphragmatic Respiration

Subject: #7

Event Time (sec)

baseline

start spin

head motions

stop head motion

330
340

360
370
380
390
400
410

131

Value(vol/#breath)

500/3
550/2
550/3
600/3
600/3
600/3.5
500/3.5
420/3.5
400/3.5
650/3.5
500/4
350/ 4
150/3.5
450/2.5
500/3
300/3
350/2.5
400/2.5
400/2
350/2
300/2
300/2
300/2
150/3
200/1.5
150/2.5
250/2.5
200/2
150/2
200/2
150/2
200/3
250/3
300/2
300/3
350/1
300/1
300/1
350/2
350/1
350/2
350/2
400/ 1
400/2
400/2
400/2
400/2

14 Aug 86
1013 - 1017

Symptom

10
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Parameter: Galvanic Skin Reflex (GSR) Date: 14 Aug 86
, Subject: #7 Time: 1013 - 1017
i l Event Time (sec) Value (X) Symptom
" baseline - 854
KX Eﬁ - 854
3 - 854
' - 854
§ - 854
g start spin 0 840 1
N 10 820
" ﬂ 20 840
30 840
40 840
3 50 760
toa g head motions 60 800
i 70 800
o 80 800 2
ﬁ 90 830
) 100 840 3
i 110 840
o ﬁ 120 830
Ll 130 860 4=5
s 140 850
hi] 150 840 6-7
_ H 160 800
i 170 800 8
i 180 800
R 190 810
R 200 860
o 210 880
) g 220 880
Lo 230 890 9
g 240 920
0 X stop head motion 250 880 10
oy @ 260 870
Fi 270 870
. 280 870
o ﬁ 290 854 .
ey 300 870
- 310 854
) ﬁ 320 854
A 330 870
340 880 Y
O 350 854 e
e @ 360 870 !
o 370 870 e
X 380 880 oy
K ﬁ 390 870 o
, 400 870 .
1;3::.: 410 563 e
:‘;1! @ l,::'n
o:': ' :7‘5:
RN 132 e
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Parameter: Finger Photoplethysmograph Date: 14 Aug 86
' Subject: #8 Time: 1203 - 1207
g Event Time (sec) Value (%) Symptom
baseline - 45
- 45
l - 50
- 55
- 70
N start spin 0] 75 1
'y 10 75
20 75
) 30 75
40 70
' 50 70
. head motions 60 70
i 70 80
80 80
90 75
g 100 75
110 75
120 75 2
130 70 3
ﬁ 140 75
150 75
160 75
@ 170 75 4
! 180 80 6
190 70
l 200 75
; stop head motion 210 70 9
220 65
) 230 60
@ 240 50
' 250 50
260 50
M 270 50
280 45
290 50
@ 300 55
310 45
320 50
E 133




Parameter: Electrocardiogram (EKG) Date: 14 Aug 86

' Subject: #8 Time: 1203 - 1207

"3 A

: Event Time (sec) Value(beat/min) Symptom
"I
:: baseline - 72
g - 72
- 66
q X - 66
- 59
g start spin 0 2 1
g W 20 108
30 116
3 40 90
3 @ 50 87
X head motions 60 90
N 70 81
L @ 80 93
| 90 87
X 100 96
0 ﬁ 110 90
] x 120 108 2
\ 130 99 3
2 140 117
ﬂ 150 108
. 160 96
: 170 102 4
i @ 180 90 6
g ¥ 190 84
K 200 78
ﬁ stop head motion 210 78 9
3] 220 78
!; 230 93
i @ 240 87
Y 250 90
h 260 96
270 87
o ﬁ 280 75
q " 290 78
H 300 84
f a 310 78
.‘ 320 78
;
" v
‘l
9,
i .
“

] 134
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@ Parameter: Thoracic Respiration Date: 14 Aug 86
‘ Subject: #8 Time: 1203 - 1207
Event Time (sec) Value(vol/#breath) Symptom

@ baseline 600/2

700/1.5

700/1.5
& 700/2
: 750/2

0
10 900/2
20
30

, start spin 750/1.5 1
‘tﬂ 1000/2
1000/2
40 800/2
ﬁ 50 750/2.5
head motions 60 800/3
- 70 700/3
ﬁ 80 750/3
90 600/4
| 100 700/2.5
@ 110 850/3
120 650/3.5 2
130 800/3 3
ﬁ 140 750/3.5
150 700/3.5
160 800/4
170 700/3.5 4
& 180 650/4 6
190 450/4
200 400/4
n stop head moticn 210 450/4.5 9
220 550/3
230 550/3
ﬁ 240 600/2
) 250 650/2
260 650/2
270 650/2
& 280 650/2
290 600/2
. 300 650/2
@ 310 600/2
320 650/2

135



@ Parameter: Diaphragmatic Respiration Date: 14 Aug 86
l Subject: #8 Times 1203 - 1207
Event Time (sec) Value(vol/#breath) Symptom
i @ baseline - 650/2
- 650/1.5
| - 650/1.5
5 - . 600/2
_ - 550/2
start spin 0 500/1.5 1
. % 10 600/2
20 750/2 i
30 1000/2
40 1100/2
@ 50 1100/2.,5
‘ head motions 60 850/3
70 750/3
; % 80 800/3
. 90 900/4
- 100 850/2,5
% 110 900/3
120 900/3.5 2
130 950/3 3
140 850/3.5
# 150 800/3.5
160 950/4
170 925/3.5 4
: gg 180 850/4 6
~ 190 800/4
200 800/4
g stop head motion 210 800/4.5 9
- 220 750/3
230 750/3
s 240 750/2
| B 250 700/2
! 260 700/2
270 700/2
{ 8 280 650/2
'L 290 650/2
] 300 600/2
Y % 310 600/2
P 320 600/2

[ 2




@ Parameter: Galvanic Skin Reflex (GSR) Date: 14 Aug 86
Subject: #8 Time: 1203 - 1207
I Event Time (sec) Value (K) Symptom
g baseline - 1100
- 1100
- 1100
l - 1100
- 1000
start spin 0 1100 1
10 950
ﬁ 20 900
30 900
40 950
g 50 975
head motions 60 675
70 854
ﬁ 80 854
90 854
100 854
] 110 760
& 120 854 2
130 900 3

140 900
ﬁ 150 925
160 854

170 760 4

@ 180 800 6
190 760
200 854

stop head motion 210 854 9
a 220 854
230 800
240 750
m 250 800
260 800
270 800
@ 280 750
240 750
300 750
310 800
% 320 800




Parameter: Finger Photoplethysmograph Date: 18 Aug 86
' Subject: #9 Time: 1036 - 1041
, Event Time (sec) Value (%) Symptom
i ﬁ baseline - 75
> - 75
- 70
- a - 75
= - 75
oy start spin 0 80 1
< I 10 85
N ! 20 85
30 75
o 40 80
. & 50 80
N head motions 60 80
. 70 75
@ 80 80
: 90 75
N X 100 75
@ 110 70
2' 8 120 70
) 130 65 3
140 65
i 150 50 5
" 160 55
:o"- @ 180 55
¢ I 190 50 7
i 200 60
H 210 55 9
N 220 55
RN 230 60
" 240 50
! @ 250 45
o 260 45
stop head motion 270 40 10
£ & 280 40
" s 290 45
S 300 50
W @ 310 35
! 320 40
- 330 40
. @ 340 40
. e 350 40
. 360 45
o 370 50
i W 380 50
- 390 50
:‘:. . 400 60
1 @ 410 50
Ky 4
\:? ‘
- L'-‘ 138
A :
n
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Parameter: Surface Skin Temperature Date: 18 Aug 86 Y
( Subject: #9 Time: 1036 - 1041 i
! Event Time (sec) Value (F) Symptom "
"
' baseline - 93.4 B
@ - 93.4 b
- 9304 i
- 93.4 o
ﬁ - 93.4 K
start spin 0 93.4 1 .
10 93.4 :
g 20 93.4 :
30 93.4 3
40 93.4
50 93.4 g
ﬁ head motions 60 93.4 ik
70 93.4 ‘ ‘
80 93.4
ﬁ 90 93.4
100 93.4 '
110 93.4 >
@ 120 93.4 ',
. 130 93.4 3 R
140 93.4 o
150 93.3 5 '
ﬁ 160 93.2 |
170 93.2 o
180 93,2 o
ﬁ 190 93,2 7 °
' 200 93.1 "
210 93.1 9 n
g 220 93.1 .
. 230 93 h
240 93 R
. 250 92.9 o
& 260 92.9 e
: stop head motion 270 92.9 10 ,
280 93 k
- @ 290 93.1 o
A 300 93.3 o
‘ 310 93.5 e
/ ﬁ 320 93,7 .*
8 330 93.8
340 94 =
i §ﬁ 350 94.2 3
' 360 94 .4 3
" 370 94,5 iy
4 380 94 .6 0
‘ n 390 94.8
, 400 95 v
) 410 95.1 R
N R >
. ﬁ X
; 139 %
{ L
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D R A A T B T A R I A O O IR
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: Parameter: Electrocardiogram (EKG) Dute: 18 Aug 86 ;g
[ Subject: #9 Time: 1036 - 1041 )
y i Event Time (sec) Value(Beats/min) Symptom N
Al i
o baseline - 87 "
. @ - 90 :'.
» - 87 "
: - 93
. E - 102
§ start spin 0 120 1 5
3 10 120 i
v a 20 126 5:
' 30 126 *

40 123
) 50 123 .
v ﬁ head motions 60 126 s
¥ 70 123 .
¢ 80 120 R
g g 90 114 !

100 123
N 110 117 .
v @ 120 114 2
oY 130 114 3 4
3 140 114 ;
" 150 117 5 ¥
. ﬁ 160 117
f 170 120 ;
‘ 180 114 \
1 & 190 102 7 ;
] 200 120
) 210 120 9
b ﬁ 220 111 !
N 230 117 .
& 240 108 )
4 250 99 ;
A ﬁ 260 99 i
% stop head motion 270 108
; 280 84
%‘_ @ 290 96 i
B~ 300 90 5
. 310 96 n
! ﬂ 320 84 V
i 330 90 '
A 340 84
4 350 90 .
Q;A & 360 90 :0
Y, 370 84 W
¢ 380 84 0
f g 390 84 !
- 400 84 -
¥ 410 90 ::
t @ b
;- n 140 3
:,;
% I

<

'
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Parameter: Thoracic Respiration Date: 18 Aug 86

Sub ject: #9

Event Time (sec)

baseline

start spin

head motions

stop head motion

OO I 3%

360
370
380
390
400
410

i GO O HOMCAK TS K] *
Bk R TR ) LN

Time. 1036 -~ 1041
Value(vol/#breath) Symptom

700/3

700/3

750/ 4

800/4

900/4

800/4 1
800/5

800/4

800/4.5

800/5

700/4.5

650/5

650/5

600/4

650/5

650/4.5

650/4

750/4

750/3.5 3
750/3.5

700/4 5
800/2.5

850/3

850/2.5

750/3 7
850/2.,5

950/2.5 9
900/3

900/2.5

900/3

850/3.5

900/2.,5

g00/2 10
800/3

900/2

900/2

$00/2

6°0/2

750/1.5

700/2

600/1.5

600/2

600/1.5

600/2

650/2

600/2

650/2

141
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Parameter: Diaphragmatic Respiration Date: 18 Aug 86
Subject: #9 Time: 1036 - 1041
' Event Time (sec) Value(vol/#breath) Symptom
baseline - 1600/3
&a - 1600/3
' - 1600/4
" - 1600/4
@ - 1600/4
start spin 0 1500/4 1.
. 10 1500/5
@2 20 1500/4
30 1600/4.5
40 1500/5
50 1500/4.5
@ head motions 60 1400/5
' 70 1100/5
80 1250/4
ﬁ 90 1500/5
100 1200/4.5
110 1300/4
@ 120 1100/4
130 1000/3.5 3
140 1000/3.5
150 1300/4 5
ﬂ 160 1300/2.5
170 1700/3
180 . 1800/2,5
ﬁ 190 1500/3 7
200 1800/2.5
210 1850/2.5 9
E 220 1750/3
230 1600/2.5
240 1800/3
‘ 250 1750/3.5
@ 260 1850/2.5
stop head motion 270 1900/2 10
280 1800/3
@ 290 1800/2
300 1700/7
310 1600/2
{ g 320 1600/2
< 330 1600/1.5
340 1600/2
9 W 350 1600/1.5 s
R 360 1500/2 =
N 370 1500/2
8 . 380 1500/2
Y 390 1500/2
i, 400 1500/2
X 410 15C0/2

=55
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Parameter: Galvanic Skin Reflex (GSR) Date: 18 Aug 86 e
Subject: #9 Time: 1036 - 1041 e
Event Time (sec) Value (X) Symptom T
baseline - 563 =
- 563 ¢,
- 563 3
- 563 E
- 563 e
start spin 0 563 1 :{
10 563 i
20 420 5
30 420 g
40 480 -
50 480 =
head motions 60 . 480 K
70 500 o
80 510 o
90 470 e
100 450 .
110 480 o
120 520 Ke
130 563 3 o
140 580 oy
150 600 5 o
160 600 T
170 610 -
180 620 e
190 600 7 gﬁ
200 580 v
210 563 9 &
220 563 i 1
230 600 e
240 640 bt
250 680 e
260 700 v
stop head motion 270 700 10 dy
280 750 b
290 760 o
300 760 N
310 780 o
320 760 ho
330 760 0y
340 760 g
350 740 o
360 760 R
370 760 i
380 770 Yo
390 £00 o
400 800 N
410 80C i
-
fo%t
i
1
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o ) Paremeter: Finger Photoplethysmograph Date: 19 Aug 86
Subject: #10 Time: 1033 - 1038

. E Event Time (sec) Value (%) Symptom
» baseline - 80

- 75
. H - 70
- 70
- - 75
N start spin 0 80 1
- . 10 95

20 90
) @ 30 90
4‘ 40 85
% 50 80
’ head motions 60 75
v w 70 75
‘ 80 75
. 90 70
% §1 100 70
I 110 70 -3
.. 120 70
: ﬁ 130 75

140 75
. 150 60
" 160 70
& ﬁ 170 60
" 180 55 4
190 60
; w 200 70
N ’ 210 70
! 220 55 6
N 230 55 7-8
N X 240 60
! 250 60
- 260 70 9
¢ @ 270 70
'a:’: stop head motion 280 70 10
j . 290 75
) @ 300 70
s 310 60
- 320 60
L 330 65
i 340 60
o 350 60
Lo 360 60
! ﬁ 370 60
. 380 55
i 390 55
! ﬁ; 400 55
IR 410 55

3 l:j 144
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Parameter: Surface Skin Temperature

Subject: #10

Event Time (sec)

baseline

start spin

head motions

stop head motion

250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
410

145

Value (F)

94,8
9“.8
95,1
95.1
95.1
95.1
95,1
95

95

94.9
94,9
94,9
94,8
94,8
94.8
94'8
94.7
94,7
94,7
94,6
94.6
94,5
94,5
94 .4
94.4
94.3
94,3
24.3
94.2
94,2
94,2
94.1
94,1
94

95,5
95,3
95,3
95,2
95.2
95.4
95.5
95,6
95.6
95,6
95,8
95.9
95.9

Date: 19 Aug 86
Time: 1033 - 1038

Symptom

2-3




g Parameter: Electrocardiogram (EKG) Date: 19 Aug 86
‘ Subject: #10 Time: 1033 - 1038
‘ Event Time (sec) Value(beats/min) Symptom

g @ haseline - 81
- 87
_ - 96
. a - 78
; - 87

) start spin 0 96 1
X E 10 96
. 20 102
30 96
N | 40 93
I ﬁ 50 93
- head motions 60 90
] « 70 90
v ﬁ 80 78
90 B4
45 100 87

b @ 110 93 2-3

'n';'. W 120 84
K 130 90
’ 140 96
’ ﬂ 150 102
4 160 72
o 170 84

2 @‘ 180 84 4
Y, 190 90
' 200 102
- ﬂ 210 90

;. 220 90 6

N 230 96 7-8

R ﬁ 240 84
g 250 90

x 260 84 9
270 90

i @ stop head motion 280 90 10
id 290 84
. 300 96
N gg 310 78
ol 320 96
. 330 84
N 350 87
'_‘:. 360 96
n 370 90
! g 380 84
390 78
¥ 400 84
b @ 410 75

o 146
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‘ ﬁ Parameter: Thoracic Respiration Date: 19 Aug 86
: ' Subject: #10 Time: 1033 - 1038
' ‘ Event Time (sec) Value(vol/#breath) Symptom
&
R & baseline - 350/2
" - 350/2
a - 400/3
- 300/3
start spin 0 400/3 1
oy 10 500/3
L 20 500/3
30 600/3
3 40 600/2.5
| 50 550/3
head motions 60 500/3
70 300/3.5
g 80 400/ 4
90 300/3
. 100 450/3 ;
: @ 110 500/2.5 2-3
| 120 550/3
¢ 130 550/2.5
H 140 550/3
150 600/3
' 160 700/2.5
i & 170 600/3 \
f @ 180 600/3 4 @
. 190 500/2.5
200 750/2
u 210 800/2
y v 220 900/1.5 6
X 230 700/2 7~-8
- g 240 750/2
; 250 750/2
; 260 800/1.5 9
g 270 650/2
_ E stop head motion 280 750/2 10 E
° 290 700/2 ;
) ‘ 300 800/2 \
; @ 310 1200/2
< 320 1200/1.5
. 330 1300/1
K @ 340 1300/1.5
Y 350 1300/1.5
N 360 1200/2
{0 370 1000/1.5
) & 380 600/2
v 390 750/2
400 750/2
E 410 750/2

L
*
Nl
t
'
-

C o 2




E Parameter: Diaphragmatic Respiration Date; 19 Aug 86
I Subject: #10 Time: 1033 - 1038
Event Time (sec) Value(vol/#breath) Symptom
..o'
f baseline - 200/2
- 200/2
- 200/2.5
5 - 250/3
' - 200/3
start spin 0 150/3 1
ﬁ 10 200/3
20 200/3
30 200/3
@ 40 250/2.5
50 200/3
head motions 60 200/3
. 70 150/3.5
i 80 250/4
90 150/3
! 100 200/3
ﬁ 110 250/2,5 2-3
120 400/3
130 400/2.5
ﬁ 140 250/3
150 250/3
160 350/2.5
170 . 350/3
8 180 400/3 4
190 350/2.5
200 500/2
210 650/2
3 220 700/1.5 6
230 600/2 7-8
@ 240 600/2
250 800/2
260 1200/1.5 9
270 300/2
ﬁ stop head motion 280 300/2 10
290 300/2
300 350/2
ﬁ 310 400/2
320 500/1.5
330 500/1
% 340 600/1.5
LAY 350 400/1
360 400/1.5
370 350/1.5
380 300/2
390 300/1.5
400 300/2
410 250/2

i
§
K
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;” @ Parameter: Galvanic Skin Reflex (GSR) Date: 19 Aug 86 |
I Subject: #10 Time: 1033 -1038
' Event Time (sec) Value (K) Symptom
" m baseline - 1200
: - 1400
- 1200
Ir & - 1100
= - 8§50
" start spin 0 750 1
| m 10 700
20 700
' 30 700
N 40 750
N @ 50 750
N head motions 60 300
S 70 825
. ﬁ 80 854
) 90 854
¥ 100 900
" % 110 900 2-3
; 120 854
N 130 950
B 140 950
i 150 950
n 160 854
. 170 870
i ﬁ 180 900 4
< 190 900
‘ 200 900
! 210 900
220 854 6
2 230 854 7-8
X o 240 854
5 % 250 854
*‘. 260 854 9
( 270 854
! % stop head motion 280 854 10
Iy 290 800
. 300 800
K @ 310 800
- 320 825
- 330 825
2 gyﬂ 340 825
R 350 800
0 360 800
k: 370 854
‘ ﬁ 380 854
. 390 750
» 400 750
& % 410 750 ,
Yy !
b 149 5
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Parameter: Finger Photoplethysmograph Date: 22 Aug 86
. Subject: #11 Time: 1512 - 1516
ﬁ Event Time (sec) Value (%) Symptom
baseline - 65
- 55
ii - 75
start spin 0 75 1
10 85
20 85
30 75
40 70

head motions 60 75

stop head motion 200 40

250 25
260 35
270 25
280 25
290 35
300 30
310 35
320 20
330 20
340 20
350 25
360 25
370 25
380 20

B 5 B 2 X A 2R B =5
o
(6]
o
ny
[§7]

.
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)
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e e gy e
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Parameter: Facial Photoplethysmograph Date: 22 Aug 86 g
Subject: #11 Time: 1512 - 1516 -

Event Time (sec) Value (%) Symptom '('.;..
u‘fr
H baseline - 30 R
-~ 30 .,
- 30 - ‘
ﬁ start spin 0 30 1 :
10 40 5
20 40 :
B 30 45 .
40 30 -
50 30 ‘ ;
ﬂ head motions 60 25 W
70 - 25 i
80 30 o
ﬁ 100 30 2 2
110 40 "
. 120 40 =
B 130 60 N
140 40 5-6 g
150 40 8 e
a 160 30 M
170 30 9 E
180 25 e
190 30 10 i
% stop head motion 200 20 ﬁg
‘ 210 30 e
220 50 '
E 230 45 1
240 50 |*,,:1
250 30 gg
ﬁ 260 30 o
270 35 N
280 20 W
290 40 b
@ 300 40 iy
310 50 N
} 320 z5 ¥
@ 330 30 .
' 340 25 v
350 30 u

360 30
370 25
380 20

'
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.w:t:’ @
K Parameter: Surface Skin Temperature Date: 22 Aug 86
‘ ' Subject: #11 Time: 1512 - 1516
e Event Time (sec) Value (F) Symptom
L
e ﬁ baseline - 88.9
W - 88-9
- 8809
; a start spin 0 88.9 1
' i0 88.9
i - 20 88.8
] 30 88.8
' 40 88.7
. 50 88.7
. ﬁ head motions 60 88.6
A 70 88.6
. 80 88.6
) 90 §8.5
' W 100 88.5 2
| 110 88.4
o 120 88,4
A8 ﬁ! 130 88.3
o 140 88.3 5~6
el 150 88,2 8
: ii 160 88.2
] 170 88.2 9
k¥ 130 88.2
B 190 88.2 10
A @ stop head motion 200 88,2
W 210 88.2
') d 220 88.2
" E 230 88.2
o 240 88.7
-+ . 250 89
n & 260 89.5
Ry i 270 90
i 280 90,3
290 90.7
4 m 300 91
W) 310 91.2
Y 320 91.4
= @ 330 91.5
a
e B
~::T
e'.:
b ﬁ
& ot 8
%2 WY :‘:;:
Ry 1 e
gt R
e 152 “p_‘r
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w“‘:',' %
',v"‘::: ' Parameter: Electrocardiogram (EKG) Date: 22 Aug 86
.".‘;}',\' ' Subject: #11 Time: 1512 -1516
3 Event Time (sec) Value(beats/min) Symptom :;
l;':l‘ .il.
e g baseline - 90 v
' - 90 .
- : 105 B
E start spin 0 132 1 :
10 . 138
20 129
ﬁ 30 129
; 40 120
50 123
5 head motions 60 126
"::f‘ 80 126
R 90 114
! ﬁ 100 114 2
110 108
A 120 111
" H 130 99
g b 140 108 5-6
e 150 108 8
e 160 108
i 170 84 9
S 180 108
W , 190 96 10
:‘}‘J % stop head motion 200 108
pa 210 96
o 220 102
) g 230 108
e 240 105
. 250 99
_.,:.g.; gj 260 102
o 270 102
A 280 96
. 290 102
N M 300 90
a 310 102
X 320 96
e ﬁ 330 96
o 340 96
....:.. 350 96
;.::. gﬁ 360 96
c:.f.:: y 370 96
\'@;;, 380 90
o E
N .1‘
i & i
)
g 'o::
! 153 ™
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@ Parameter: Thoracic Respiration Date: 22 Aug 86
| l Subject: #11 Time: 1512 - 1516
. Event Time (sec) Value(vol/#breath) Symptom
' ﬁ baseline - 500/3
. - 500/3
I - 550/4
E start spin 0 600/4 1
10 600/4
’ 20 600/4.5
. m 30 700/4
. 40 700/4.,5
i 50 600/4.5
" head motions 60 600/4.5
W . 70 550/4
i 80 500/5.5
' 90 500/4.5
@ 100 500/4.5 2
; 110 350/4
] 120 300/5
; {,% 130 350/3.5
140 350/4 5=6
150 450/3 8
ﬁ 160 500/3
170 350/3 9
180 700/3
190 150/2 10
@ stop head motion 200 600/3
210 800/2.5
220 1100/3
E 230 1200/3
240 1200/3
250 1200/3
m 260 1200/3
270 1100/3
280 1200/3
290 1000/3
ﬁ 300 1000/3
1 310 1100/3
320 1000/3
f‘ﬁ’» 330 750/3
’ 340 700/3
350 700/3
360 1000/3
370 850/3
380 800/3
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Parameter: Diaphragmatic Respiration
Subject: #11

Event Time (sec) Value(vol/#breath)
baseline - 250/3
- 300/3
- 300/4&
start spin 0 300/4
10 400/ 4
20 350/4.5
30 350/4
40 400/4.5
50 350/4.5
head moticns 60 400/4,5
70 600/4
80 400/5.5
90 350/4.5
100 400/4.5
110 400/4
120 400/5
130 350/3.5
140 450/4
150 450/3
160 600/3
170 550/3
180 900/3
190 550/2
stop head motion 200 800/3
210 800/2.5
220 1000/3
230 1100/3
240 1100/3
250 1200/3
260 1200/3
270 1200/3
280 1200/3
290 1200/3
300 1100/
310 1000/3
320 1000/3
330 200/3
340 800/2.5
350 800/3
360 800/3
370 750/3
380 750/3
155
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22 Aug 86
1512 - 1516

Symptom
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Parameter+ Galvanic Skin Reflex (GSR) Date:; 22 Aug 86 :!

i Subject: #11 Time: 1512 - 1516 i
Event Time (sec) Value (K) Symptom ;::4

!‘;_

@ baseline - 30 m
— 30 :‘t

- 30 -

E start spin 0 15 1 iy
10 15 g

20 15 A\

@ 30 15 N
40 15 K

50 15 »

head motions 60 15 o

@ 70 15 0t
80 15 e

90 15 )

@ 100 15 2 i
110 15 -

120 15 o

F' 130 15 .@
! 140 15 5-6 i
150 15 8 ny

160 15 M

H 170 15 9

180 15 o

\ 190 15 10 @
@‘ stop head motion 200 15 f ‘
' 210 100 oyt
220 200 ol

E 230 300 b
240 400 )

250 500 NS

4 260 550 et
270 600 )

280 640 i

290 680 ki

c“ 300 700 }:‘:c
310 740 e

. 320 800 N
! 330 820 o
340 840 .

350 854 By
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Parameter: Finger Photoplethysmograph Date: 26 Aug 86
' Subject: #12 Time: 1033 ~ 1040
Event Time (sec) Value (%) Symptom
@ baseline - 70
- 75
- 80
M - 80
g - 80
start spin 0 80 1
g 10 80
20 85
30 80
40 80
& 50 75
head motions 60 75
70 80
@ 80 75
90 75
100 60
& 110 70
, 120 80 2
130 75
140 75
w 150 80
160 70
176 75
R 180 80
(x 190 85
200 75
! 210 80
220 75
230 80
240 80
@ 250 75 4
260 80
270 80
a 280 85 6
290 85 8
300 75
@ 310 75
320 65
3130 65 9
53 340 65
e 350 65
360 70

. 370 70
@ stop head motion 380 70
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420
430
440
450
460
470
480
490
500
510
520
530
540
350
560
570
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Parameter: Facial Photcplethysmograph Date: 26 Aug 86
Subjects #12 Time: 1033 - 1040
Event Time (sec) Value (%) Symptom
baseline - 50
- 42
- 50
- 50
- 50
start spin 0 50 1
10 50
20 50
30 50
40 50
50 50
head motions 60 50
70 60
80 65
90 65
100 60
110 60
120 60 2
130 65
140 65
150 65
160 60
170 65
180 60
190 60
200 60
210 60
220 60
230 60
250 70 4
260 70
270 70
280 70 6
290 75 8
300 75
310 75
320 75
330 g0 9
340 80
350 80
360 80
370 80
stop head motion 380 80
390 70
400 70
410 64
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Parameter: Surface Skin Temperature Date: 26 Aug 86
e Subject: #12 Time: 1033 - 1040
. ' Event Time (sec) Value (F) Symptom
' m baseline - 83.2
»I, - 8302
- . - 83.2
- 83.1
"l' a - 8301
- start spin 0 83.1 1
& . 10 83.1
3 ﬁ 20 83.1
i 30 83.1
40 83.1
- @ 50 83.1
X head motions 60 83.1
S 70 83.1
- 80 83.1
. ﬁ 90 83.1
' 100 83.1
N 110 83
) m 120 83 2
o 130 83
R 140. 83
o 150 83
a 160 83
® 170 83
w ﬁ 190 82.9
W 200 82,9
" 210 82.9
, Q 220 82.9
A;: 230 82.9
g 240 82.9
o M 250 82.9 4
Ry 260 82.8
e 270 82.8
) 280 82.8 6
0N @ 290 82.8 8
o 300 82,8
A 310 82.8
P @ 320 82.8
> 330 82,7 7
- 340 82.7
n 350 82.7
o 3 360 82.7 ,:
) 370 82.7 0
',’:; stop head motion 380 82.7 ’
" ﬁ 390 82.7
o 400 82.7
N , 410 82.7 )
B
b
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470
480
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520
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B2,7
82,7
82,8
82.8
82.8
82.8
82.8
82.8
82.8
82,

82.9
82.9
82.9
82.9
82,9
82.9
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Parameter: Electrocardiogram (EKG)
Subject: #12

Event Time (sec) Value(Beats/min) Symptom

gstart spin

i
f
L
i @ baseline
?
B
B

head motions 60

K=
ww
W
oo

350
360
370
8 stop head motion 380
w 390
' g 400
] 410

reni &
5
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Date: 26 Aug 86
Time: 1033 -~ 1040

6

I
i
|
|

PSARRAN AR D S 14

AL |_‘ ~ J‘ ' L) [\ ALk . \ " "'-'f. ey
RSB VOGS N0 X KNI RS IR SR A o8




e R
-
5%
-
S

o %iﬁ
‘ :o':l:v
- 420 84 K
I 430 78 )
440 84 "
o 460 78 i

470 78 i
480 84

500 75 -
510 93

520 78
530 72 -

540 75

550 78 -
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ﬁ Parameter: Thoracic Respiration Date: 26 Aug 86 N
‘ Subject: #12 Time: 1033 -~ 1040 g
I Event Time (sec) Value(vol/#breath) Symptom :.
\)
baseline - 650/1,5 :"
ﬁ - 650/2 it
- 600/2.5 *
- 600/ 2 5
E - 550/2.5 3
start spin 0 500/4 1 X
10 350/5 "
g 20 450/4 o
30 500/4 5
40 600/2.5
50 650/2
& head motions 60 300/4 N
70 250/4,5 e
80 200/5 ¢
ﬁ 90 300/4
100 450/3
110 500/3 i
@' 120 500/3 2 "
N 130 500/2.5 R
140 500/3 o
150 450/3 u
i 160 500/4 |
170 400/3 A
, 180 500/2.5 )
@ 190 600/1.5 i
W 200 500/ 2 "
210 500/2.5 o
n 220 500/3
0 230 400/3
240 400/2
: 250 400/3 4
% 260 400/3
270 450/2.5
280 500/2.5 6
" 290 450/2.5 8 N
\ 300 450/2.5 ‘
, 310 400/2.5 N
4 320 300/3 &
{ & 330 400/3 9 ;
, 340 500/3 o
' 350 400/3 J
: @ 360 400/2.5 ¥
N 370 500/4 "
) stop head motion 380 350/3 b
) E 390 300/3 “
. 400 500/2 i
\ 410 500/1.5 Yo
: ﬁ ot
4 A ()
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420
430
440
450
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490
500
510
520
530
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550
560
570
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750/2
500/2
500/2
550/1
600/1.5
450/2.5
450/1.5
400/2
400/2
45071.5
500/2
500/2
500/2
400/2
550/2
700/1.5
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Parameter: Diaphragmatic Respiration Date: 26 Aug 86
Subject: #12 Time: 1033 - 1040
Event Time (sec) Value(vol/#breath) Symptom
baseline - 650/1.5
- 700/2
- 650/2.5
- 500/2
- 500/205
start spin 0 500/4 1
10 500/5
20 600/4
30 700/4
40 850/2.5
50 900/2
head motions : 60 600/4
70 700/4.5
80 600/5
90 800/4
100 700/3
110 700/3
120 700/3 2
130 600/2.5
140 600/3
150 700/3
160 700/4
170 600/ 3
180 750/2.5
190 750/1.5
200 750/3
210 700/2.5
220 700/3
230 750/3
240 750/2
250 700/3 4
260 700/3
270 750/2.5
280 650/2.5 6
290 750/2.5 8
300 750/2.5
310 800/2.5
320 650/3
330 650/3 9
340 700/3
350 650/3
360 700/2.5
370 650/4
stop head motion 380 500/3
390 500/3
400 500/2
410 550/1.5
167
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420 500/2
I 430 500/2 5
440 550/2 W,

| 450 500/1 8
E 4690 450/1.5 g_.o.

. 470 500/2.5 b
480 500/1.5 b

;: 490 450/2 £
: 500 450/2 Xy
i 510 400/1.5 A
| 520 400/2 ha
@ 530 400/2 )
540 500/2 B
., 550 400/2
‘ % 560 500/2 o
570 500/1.5 !

..::'

8 %
Y

8 i
A

g &
%

o
N iR
()

Ma

S

~=E ER
hoE

=0 K
SN e

168 |::‘|

r 3

N N VRV vy R N ey O R O U Ny, T L N R O V. T R, N, A SR VRV S VY. T AL LA AL LA L AN A LA R LR AL R P A\ ) B | S ) bl 1T A




PGS
e

i b
X ¥
Parameter: Galvanic Skin Reflex (GSR) Date: 26 Aug 86
L Subject: #12 Time: 1033 - 1040
. i Event Time (sec) Value (X) Symptom
E:e baseline - 54
. - 70
- 90
- 90
g - 110
’ start spin 0 150 1
; i0 150
% 2 150
Y 30 150
40 150
\ 50 150
‘ E head motions 60 150
f‘ 70 150
Cs 80 150
LR 90 150
| 100 160
r"; . 110 160
E 120 160 2
" 130 160
, 140 170
L 150 180
J i 160 190
4 170 200
[; - 180 215
N 190 238
c 200 235
‘ 210 235
« @ 220 250
& 230 260
240 260
- 250 260 4 ;
™ 260 260
270 238
~ 280 238 6 A
e 299 238 8 or
300 238 el
) 310 260 3
o 320 290 Iy
'3 330 320 9 "Y,-
340 350 v
@ 350 370 }'
360 420
370 420 e
A stop head motion 380 420 };',fj
8 300 420
400 460
. 410 460
3
L
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b 420 460
. l 430 490
” 440 490
450 490
¥ o 460 490
v Eé 470 490
= 480 490
490 520

\ @ 500 510
510 520
1 520 520
: 9@ 530 520
K 540 520
: 550 520
y 560 320
. @ 570 563
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3, 8, 10, 12

6, 7, 9,

Appendix C MOTION SICKNESS (TAPE EDIT)
Baseline 0-3 4-7 8-10 10+
Pre-Spin Spin Pre-Nausea Nausea Post
1 15- 30 30-120 120-140 140-175 175-265
a= 1000-1010 a= 1000-1065 a= 1000~1014 a= 1000-1023 a=1000-1066
2 385-415 415-485 485-510 510-550 550-615
a= 1010-1031 a= 1065-1114 a= 1014-1031 a= 1023-1050 a=1066-1114
3 730-760 760-825 '825-870 870-895 895-955
am 0-32 am 0-70 a= 0-48 a= 0-28 a= 0-65
4 245~275 275=310 310~380 380-420 420-540
a= 1031-1051 a= 1114-1138 a= 1031-1080 a= 1050-~1075 a=1114-1199
5 635-665 665-685 685-720 720~745 745-820
a= 1051-1072 a= [138-1152 a= 1080-1104 a= 1076-1093 a=1199-1251
6 970-1000 1000~-1140 1140-~1170 1170-1220 1220~1310
a= 1072-1092 am 1152-1248 am= 1104~1124 aw 1093-1126 a=1251-1313
7 1430-1460 1460-1520 1520-1545 1545-1585 1585-1670
a= 1092-1112 am 1248-1288 a= 1124-1140 am 1126~1151 a=1313-1370
8 0~ 25 25~ 95 95-110 110-125 125-275
a= 32-58 a= 70-144 ax 48-64 am 28-44 a=m 65-221
9 430-460 460-530 530-560 5€0-600 600-690
a= 1112-1132 a= 1288-1334 a= 1140-1161 a= 1151-1177 a=1370-1429
10 790-880 880-950 950-990 990-1018 1018-1103
a= 58-150 a= 144-214 a= 64-106 a= 44-74 a= 221-305
11 0- 20 20- 80 80~ 95 95-125 125-210
a= 1132-1145 a= 1334-1374 a= 1161-1171 a= 1177-1196 a=1429-1485
12 570-600 600-715 715-745 745-790 790-885
a= 150-180 a= 214-326 a= 106-137 a= 74-123 a=305~395
13 975-1009% 1005-1110 1110-1123 1123-1140 1140-1180
a= 1145-1165 a= 1374-1442 a= 1171-1181 a= 1196-1207 a=1485-1510
RESPIRATION
Baseline normal <= 15 bpm) Baseline tachypneic ( > 15 bpm)
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#1

#2

#3

ta

#5

MOTION SICKNESS (TAPE EDIT)

~Nur LN

~NU P

Add 180 sec after stop head motion
GSR - not valid
EEG (A) - good

EEG (B) - use only after symptoms 10+
EEG (C) - not valid

ENG (H) ~ good

ENG (V) - good (positive slow EEG)

Add 130 sec after stop head motion
GSR -~ decreased
EEG (A) - use only after symptoms 10+

EEG (B) - not valid
EEG (C) - not valid
ENG (H) - not valid
ENG (V) - good (+ slow EEG)

Add 120 sec after stop head motion
GSR - increased

EEG (A) - good

EEG (B) - not valid

EEG (C) - not valid

ENG (H) - good (+ slow EEG)

ENG (V) - good (+ slow EEG)

Switch EIG and EGG

Add 240 sec after stop head motion
GSR - decreased

EEG (A) - good

EEG (B) - not valid

EEG (C) - not valid

ENG (H) - not valid

ENG (V) - good (no slow EEG)

Switch EIG and EGG

Add 150 sec after stop head motion
GSR - increased

EEG (A) - not valid

EEG (B) - not valid

EEG (C) - not valid

ENG (H) - good (+ slow EEG)

ENG (V) - good (+ slow EEG)

Switch EIG and EGG

EKG ~ arrhychmias: ++
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#6
2
3
4
@ 5
7
12,1
#7
g‘g 2
- 3
@ 5
- 7
@ #8
2
3
5
7
T
0
& 3
4
5
! 7
#10

b =3 253
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#11
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Add 180 sec after stop head motion
GSR ~- minimal decrease

EEG (A) - not valid

EEG (B) - not valid

EEG (C) - not valid

ENG (H) - good

ENC (V) - good (+ slow EEG)

Switch EIG and EGG

Add 170 sec after stop head motion
GSR - minimal increase
EEG (A) - good after B = 1497
EEG (B) - good after B = 1497
EEG (C) - not valid
ENG (H) - good (+ slow EEG)
ENG (V) - not valid

Add 300 sec after stop head motion
GSR - decreased

EEG (A) - not valid

EEG (B) - good

EEG (C) - not valid
ENG (B) - overloaded but (+ slow EEG) not val
ENG (V) - overloaded but (+ slow EEG) not val

Add 180 sec after stop head motion
GSR - increased
EEG (A) - not valid

EEG (B) - not valid

EEG (C) - not valid

ENG (H) - good (+ slow EEG)

ENG (V) - good (+ slow EEG)

Resp(D) - greater amplitude than Thoracic

Add 170 sec after stop head motion
GSR - minimal increase

EEG (A) - use only baseline and 104
EEG (B) - not valid

EEG (C) - not valid

ENG (H) - not valid

ENG (V) good (+ slow EEG)

Add 170 sec after stop head motion
GSR - increased
EEG (A) - good
EEG (B) - good
EEG (C) not connected (not valid)
ENG (H) good (+ slow EEC)
ENG (V) - good (+ slow EEG)
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#12 Add 190 sec after stop head motion
l GSR - increased
: 2 EEG (A) - good (+ slow EEG)
R 3 EEG (B) - good
: @ 7 EEG (C) - good (+ slow EEG)
5 ENG (H) - not valid
4 ENG (V) - not valid
& #13 Add 80 sec after stop head motion
GSR - slight decrease
% 2 EEG (A) - not valid
3 EEG (B) - not valid
4 EEG (C) - not valid
; & 5 ENG (H) - good (+ slow EEG slightly)
f 7 ENG (V) - good (+ slow EEG slightly)
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Biophysical data were collected on human volunteers to study
the effects of the motion sickness syndrame. Physiological parameters
were analyzed by descriptive statistical methods and by means of a

spectrun analyzer. Descriptive statistical analysis showed at least
five separate physiclogical parameters were linearly correlated to a
motion sickness symptam index. Spectral analysis showed definite
frequency and amplitude shifts during the onset of motion sickness
for various narameters. Low frequency brain wave activity on the

order of 0.1 Hz was discovered as the subject approached nausea.

A multiple linear regression model was constructed fram the

correlated data obtained by descriptive statistics. Six separate

v K

’\“._'Av_l

physiological parameters were useful in describing a predictive

motion sickness model that can e used as a major element in

developing a canplete biofeedback system for counterina the effects
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of motion sickness.
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