
8-fli64 899 AN ANALYSIS OF POTENTIAL PREDICTIVE PRAETERS OF /
M OTION SICKNESS IJSINGAR..(U) AIR FORCE INST OF TECH
WRIGHT-PATTERSON AF OH SCHOOL OF ENGI

UNCL,= JAVIS T ALDEC 85 AFIT.'650/ENG/85D-i F/G 6/5 m



I-w-

LU iL3.2

a,

))W . "4. 0 2

111,

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS-I96

3-A

S.I

'S



x>.f

.. AN ANALYSIS OF POTENTIAL PREDICTIVE
k ' PARAMETERS OF MOTION SICKNESS USING
i ' A COMPUTERIZED BIOPHYSICAL

DATA ACQUISITION SYSTEM

--I THESIS

Norman' R. Jarvis Charles T. Uyeda, Jr.
Captain, USAF Captain, USAF 0

~~~AFIT/GSO/ENG/85D-I Tl

IDTI

t J~ ELECT
--_j FEB 13 19'86

0DEPARTMENT OF THE AIR FORCE

AIR UNIVERSITYAIR FORCE INSTITUTE OF TECHNOLOGY

Wright-Patterson Air Force Base, Ohio

Momn R. Jarvs are Ud J

CtIn" USA' Capain USA6 0 ?
AFIT/SO/EN/85D-



/
AFIT/GSO/ENG/85D-1

AN ANALYSIS OF POTENTIAL PREDICTIVE
PARAMETERS OF MOTION SICKNESS USING

A COMPUTERIZED BIOPHYSICAL
DATA ACQUISITION SYSTEM

THESIS

Norman R. Jarvis Charles T. Uyeda, Jr.
Captain, USAF Captain, USAF

AFIT/GSO/ENG/85D-1

4f

• ,..Approved for public release; distribution unlimited

' ' 4'



AFIT/GSO/ENG/85D-1

AN ANALYSIS OF POTENTIAL PREDICTIVE PARAMETERS

OF MOTION SICKNESS USING

A COMPUTERIZED BIOPHYSICAL DATA ACQUISITION SYSTEM

THESIS

Presented to the Faculty of the School of Engineering

o f t h e A i r F o rc e I n s t i t u t e o f T e c h n o l o g y A ccessi on _For

Air University NTIS GRA&I

In Partial Fulfillment of the DTIC TAB
Unamiounced FJ

Requirements for the Degree of Jucti-f.r.cation

Master of Science in Operations Research By~Distrl}-t .

Ava :i I
' - ur

Dist Cp ci'-1I

Eu"I

Norman R. Jarvis, B.S. Charles T. Uyeda, Jr., B.S.

Captain, USAF Captain, USAF

December 1985

Approved for public release; distribution unlimited



The goal of this thesis project was to refine and use

the computerized biophysical data acquisition system,

developed at AFIT by two previous thesis teams, to determine

possible predictive physiological parameters of motion

sickness. We gratefully acknowledge the invaluable help

given by many people in this effort. If anyone is omitted

from this list, it is purely an oversight and we apologize.

Their help was none-the-less appreciated.

We especially wish to thank Dr. Matthew Kabrisky and

Dr. William Czelen, without whose help and constant

encouragement this work would not have been possible. We

thank our thesis committee and supporters Dr. Joseph

Coleman, Dr. Lynn Wolaver, and Dr. Charles Hatsell. A

special thanks goes to Dan Zambon for his help with the

MASSCOMP MC500 computer system.

We would also like to specially acknowledge the

numerous volunteer test subjects who made our work possible.

The generous donation of their valuable time and bravado is

appreciated more than they will ever know.

Finally, we thank our families and friends for their

love and support. Donna, Marissa, Carly, and Brianna, thank

you for your love and understanding throughout this AFIT

tour; it makes it all worthwhile.

Norm Jarvis and Bud Uyeda

ii

. Nor Jaris an BuLUye'



Preface ........................ ii

* List of Figures ..............

Abstract ............................................. viii

I.* Introduction *... I . *.* *.*. *..**..

Chapter Overview ....................... 1
Background ........* ** *.... .... ..... I

Problem Statement *........... 5
0Scope and Limitations .............. *.. 7

Assumptions **.*............... **909 8
Methodology .*....... 00**909000*0*. *... 8

II. Motion Sickness ........... **................ 10

4: ~~Chapter Overview ........ ****. . **. . . .... 10
Historical Background .................. 10
Current Theories ... *. .. .. .. . . .. . . .... 17
Physiological indicators ......... 00.... 26
Techniques for Eliciting a motion
Sickness Response ............ 42

III. Computerized Biophysical Data Acquisition
System *....................... 48

Chapter Overview *************** .. * 48
V ~~~System Overview *. *...... **** .*** 48

Rotating Chair *....... 00*.9900666. 48
Human Test Subjects .................... 50
Physiological Monitoring Equipment ..... 52
Data Collection and Storage Equipment *. 61

IV. Experimental Procedures ........... 64

Chapter Overview .. . . .... . .. ... . ... . . ... 64
Equipment Set-up ..... 0*0.0000*...... 64
Subject Preparation .................... 65
Experimental Session ................... 67
Session Termination ................. 68



V. Experimental Results ............ 70

Chapter Overview ............ 70
General Comments ....................... 70
observations .. .......... o...... o... 78
Data Analysis *....09-000.0-06. ...... 83

VI. Conclusions and Recommendations ............ 104

Chapter Overview oo*00..0@**0.**.00**0.0 104
Conclusions .............. ....006066009 104
Recommendations o................ . . .. . . 106

Appendix A: Reduced Data (Charts and Graphs) ..... o. 120

Appendix B: Raw Data Example ... ......... ......... 128

~4Appendix C: Forms and Questionnaires *... ... o..... 135

volunteer Briefing Form .. ........ 136
Subject Consent Form ....... 137
Report of Medical History ... ..... 139
Motion Sickness Questionnaire .... 141
Subject Data Sheet ........ 148
Record of Computer Collected
Data ............... ............. 149

Appendix D: MASSCOMP MC500 ........................ 150

Problems Encountered in this
Study *................. 150
User'~s Guide ................. 153
DAADS Program Source Files ...... o. 157

Vita -Captain Norman R. Jarvis ................ 241

Vita - Captain Charles T. Uyeda, Jr. ......... 242

iv

0l



Li21 Fgue

1. Sensory Conflict Model .......................... 19

2. Principal Structures Involved in Motion Sickness 21

3. System Configuration ............................ 49

4. Chair Control Console Photograph ................ 51

5. MATS Chair Photograph ........................... 51

6. Electrode Placement Locations ................... 53

7. Sphygmomanometer Sample Printout ................ 55

8. EEG Electrode Placement ............ 58

9. Pallor .......................................... 88

11. Galvanic Skin Response 93
12 EI Am l t de . . o o * oooo e eooeoooeoo0000000o 9

13. EIG Frequency ........ ...... . ..... o... 97

15. EGG Frequency ................................... 102

16. EIGFFT Spectral Analysis ....................... 121

17. EGG FFT Spectral Analysis ....................... 122

18. Pneumograph (Thoracic) FFT Spectral Analysis .... 123

19. Pneumograph (Abdominal) FFT Spectral Analysis ... 124

20. ENG (Horizontal) FFT Spectral Analysis .......... 125

21. ENG (Vertical) FFT Spectral Analysis ............ 126

22. EEG FFT Spectral Analysis ....................... 127

23. Raw Data Example (Channels 1 - 5) - Pre-Sick .... 129

24. Raw Data Example (Channels 5 - 10) .............. 130

AO

'S*



o-, 25. Raw Data Example (Channels 11 - 15) ............. 131

26. Raw Data Example (Channels 1 - 5) - Trans-Sick .. 132

27. Raw Data Example (Channels 6 - 10) .............. 133

28. Raw Data Example (Channels 11 - 15) ............. 134

4.V

vv

-4 v

4
4



Liatl~f nrrfable

I. Six Kinds of Sensory Rearrangement .............. 24

II. Motion Sickness Manifestations .................. 31

'vii

O1/4

.%.

N-r.,



4). - AFIT/GSO/ENG/85D-1

Abstract

A computerized biophysical data acquisition system was

refined and used to collect biophysical data on human

volunteer subjects to examine effects of coriolis induced

'-3 motion sickness. Redesigned sensors to measure electrical

cardiac activity, cardiac chest rebound, abdominal/thoracic

respiration, peripheral pulse blood volume, facial pulse

blood volume, skin temperature, gastric/intestinal activity,

_~ nystagmus, and brain wave activity were incorporated with

commercially available sensors for galvanic skin response,

heart rate, and blood pressure to thoroughly measure the

subject's vital signs.

Subjects were rotated in a multi-axis motion chair and

data collected for later analysis. Data were collected on

paper strip chart recorders in parallel with a MASSCOMP MC500

minicomputer. The MASSCOMP data acquisition system software

was refined with better documentation and to allow data

replay.
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An Analysis Q.f Potenial Predct e Paaer
Q-, f Motion Sikns Usn a Computerized Bo~via

Data A~uisiin Syte

I. Introduction

Chapter Overview

This chapter introduces the motion sickness problem and

explains why this problem is important. The chapter

provides some insight into the reasons for artificially

evoking a sensory conflict in humans and how that aids the

current study. The specific research problem is stated, and

then constrained by the scope, limitations, and assumptions

of the research project. Finally, the research methodology

is outlined.

Motion sickness is a common illness of great concern to

the military. For the common civilian traveler, it is a

temporarily distressing, but not necessarily serious,

disorder. However, in the military environment, it may be

very serious, perhaps even disastrous. Smith (48:162) cites

the hypothetical example of a wartime naval combat operation

where a high incidence of motion sickness could not only

jeopardize a mission, it might lead to capture or death of

personnel. Even in peacetime, motion sickness is a

significant concern because of wasted time and manpower.

The U.S. Air Force is especially interested in recovering

resources lost because of motion sickness (35:118). Levy,

. . %1

l0;.



Jones, Carlson, and a number of other researchers at the

Brooks AFB USAF School of Aerospace Medicine (SAM) are

investigating ways to rehabilitate airmen who have been

grounded by chronic disabling motion sickness (35:118). The

impetus for this effort is the fact that a permanently

grounded airman represents a significant financial and

trained manpower loss to the Air Force, and causes a feeling

of personal failure for the individual. But if the

individual can be trained to recognize symptoms of motion

sickness and can actively take steps to suppress it, he can

remain operationally functional. The training approach used

at SAM is to stress an airman close to the point of motion

sickness using a rotating chair. The airman is trained to

recognize symptoms of the illness, and then he would use

biofeedback and relaxation techniques to bring his

physiological reactions under control. With gradually

increasing levels of stress, and more training, he is able

to control his motion sickness in the provocative

operational environment. Results of this program have been

very encouraging, with 84 percent of the airmen reportedly

returned to operational duty (35:121).

Motion sickness is also a major concern in the U.S.

space program for both NASA and Department of Defense

flights. Concern over space induced motion sickness has

been expressed since the beginning of the U.S. space

program, but it was not until the middle of the Apollo

* program that the concern was fully justified (24:1259,1260).

2
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Incidents of space motion sickness suddenly became common in

this series of spaceflights and have persisted to the

present (25:324). The most plausible reason for the sudden

appearance of this malady is the increase in interior volume

of later spacecraft and thus greater freedom of movement.

Movement, especially of the head, seems to elicit or

intensify a motion sickness response (30:513). If this

theory is valid, it might predict a large incidence of

motion sickness among astronauts flying aboard the

relatively spacious space shuttle. Indeed, approximately 50

to 90 percent of the astronauts aboard recent shuttle
I

flights have experienced motion sickness symptoms (30:513).

Lackner and Graybiel state the problem succinctly when they

say:

On the basis of the first six space shuttle orbital
flight test missions, it is clear that space motion
sickness is going to be a major concern in the shuttle
program. This is especially the case because the
shuttle flights will be of relatively short duration, a
week or two, and space motion sickness usually is an
operational problem only the first 3 or 4 d [days] aloft
[31:675].

This problem is considered so serious it prompted Dietlein

and Johnston to state that space motion sickness "represents

the greatest research challenge facing life scientists in

contemporary space medicine and physiology" (10:894).

The real "research challenge" is the fact that despite

widespread interest and intense research, little is known

about the etiology of motion sickness. NASA recognizes this

information void and has organized a broad research program

x.3



to investigate four interrelated areas. According to J.L.

Homick of the NASA-Johnson Space Center, "These include

research on the causes, prediction, prevention, and

treatment of space motion sickness" (24:1263).

Determining individual susceptibility under different

circumstances and deriving a set of characteristic

parameters are the keys to the first stage of the research

challenge -- motion sickness prediction. Progress in the

area has been slow. Homick states:

Of the various unresolved issues related to space
* motion sickness, the one which is most perplexing

involves the development of predictors of
* susceptibility. . . . Most past research in this area

has yielded results of limited usefulness. Clearly new
approaches are required. It would seem that emphasis
should be placed on research wherein motion sickness is
provoked largely by otolith stimulation and by exposure
to conditions which evoke sensory conflict [24:1270].

"Otolith stimulation" refers to structures within the inner

ear that, when stimulated by head movement, send neural

signals to the brain. These neural signals normally agree

with others from the eyes and body. When the signals do not

agree, sensory conflict and motion sickness may result.

Thus, Homick is saying that sensory conflict should be

artificially induced by some type of motion, and the results

examined.

An apparatus for evoking sensory conflict in humans and

collecting quantified data on motion sickness has been

developed and built at the Air Force Institute of Technology

(AFIT). This apparatus was built in response to a request

from the USAF School of Aerospace Medicine (SAM). In 1982

4
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SAM realized that its motion sickness rehabilitation program

was very labor intensive, requiring the services of two

flight surgeon psychologists and one biofeedback technician

for each training session (35:118). Because of the

specialized personnel and equipment involved, the program

was restricted to Brooks AFB. To reduce the limitations of

the SAM program, Captains Earl and Peterson at AFIT

assembled a rotating chair that had previously been used by

the Air Force Aerospace Medical Research Laboratory (11).

They designed and built a programmable data acquisition

system and integrated it with biofeedback equipment,

physiological monitoring equipment, and the rotating chair.

A subsequent research effort by Captains Fitzpatrick,

Rogers, and Williams refined the equipment and automated the

data acquisition process with a digital computer (12). The

resulting system, which they termed "Computerized

Biophysical Data Acquisition System" is well suited for

evoking sensory conflict and eliciting a motion sickness

response.

To date, research has not quantitatively identified

specific physiological criteria as potential predictive

parameters of motion sickness in humans. "Physiological

criteria" means those processes in a human body that can be

measured to establish values for predicting the onset of

motion sickness. Those values will be the predictive

5



parameters. Since the research cannot examine all possible

physiological processes, a set will be chosen as the most

likely predictors. This set, based on a review of the

literature and discussions with current researchers, will

include the following: electro-cardiac activity, force of

heart rebound, heart rate, peripheral pulse blood volume

(perfusion), facial pulse blood volume (pallor), skin

temperature, galvanic skin response, muscle tension, stomach

motility, intestinal tone, rapid eye motion (nystagmus),

respiration rate, and respiration type (thoracic/abdominal),

and brain waves (electroencephalograms). These physiological

criteria have not been measured and statistically evaluated

under controlled conditions to determine their potential for

predicting motion sickness in humans.

Specific problems of motion sickness prediction include

the following:

1. What are the normal values for the criteria listed
above?

2. Using non-invasive techniques, how can these
criteria best be measured?

3. Can sensory conflict be artificially induced using
the Computerized Biophysical Data Acquisition
System described in the thesis report of Captains
Fitzpatrick, Rogers, and Williams (12)?

4. Do the physiological criteria listed above change
in response to artificially induced sensory
conflict, and if so, how?

5. If the criteria change in response to sensory
conflict, are the changes statistically
significant?

6. What are the change relationships, if any, between
the physiological criteria?

6
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N'7. Can a pattern of physiological criteria changes be
correlated, using statistical analysis, to the
onset of motion sickness?

8. If a pattern is identified, is it similar among
different test subjects or are there different
patterns?

9. If there are different patterns of physiological
change, can they be cataloged into identifiable
groups or types?

10. If specific physiological changes are identified
for an individual, are the same changes
evidenced on repeat trials or do they differ?

,SCOPE AN LIMITATIONS

This research investigated the hypothesized

* relationships between the onset of motion sickness

symptomatology and specific measurable physiological

criteria. It did not attempt to determine the etiology of

the illness or develop a treatment scheme.

* The scope of the study was limited to:

1. Refining the data acquisition software system to:

A. fully document the software to simplify later
changes;

B. improve interactive communications for easier
use by the non-computer technical user;

C. allow for data replay.

2. Development of experimental procedures to include
production of a system users guide.

3. Collection of biophysical data from human
volunteers.

4. Incorporation of a parallel paper strip-chart
recording system for real-time hardcopy output.

5. Initial data analysis for subsequent system
refinement and in-depth statistical analysis.

Since the best predictors of motion sickness have yet

4-7
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to be determined, no attempt was made in this study to use

biofeedback techniques.

ASSUMPTIONS

The basic premise of this research is that motion

sickness is a physiological response to a disturbing

influence or influences and it is evidenced by measurable

changes in certain bodily processes. The bodily processes

may change in particular patterns that may be recognized and

used to predict future episodes of the illness. The

eventual thrust of this research is aimed at using these

predictive parameters to counter the sickness by means of

biofeedback control of the physiological responses.

METHODOLOGY

The overall approach used to answer the problem posed

above was scientific experimentation and analysis of

results. This investigation was divided in to three broad

categories or phases. They included a pre-experiment phase,

an experiment phase, and a post-experiment phase.

The first phase (pre-experiment) involved a thorough

review the literature to identify the relevant experimental

techniques and current theories of motion sickness. It

specifically included the techniques used to elicit a motion

sickness response under controlled laboratory conditions.

Also, this phase involved identification of the

4
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physiological indicators that other investigators used to

signal motion sickness onset and determine the reliability

of those indicators. Finally, the literature review

revealed the types of physiological monitoring sensors and

data analysis techniques used previously. Most of that

effort revolved around the expected capabilities of the

equipment designed and built by two prior AFIT thesis teams

(11; 12). The information gained from the literature review

and careful study of the AFIT equipment allowed for

completion of the final steps of the pre-experiment phase.

Those final steps involved testing and calibration of

equipment, development of experimental procedures and

questionnaires, and solicitation of volunteers.

The second phase involved the actual experimentation.

The experimental steps developed in phase one were applied

to a sample population of informed and medically cleared

human volunteers. Each subject in this group received a

psychological profile questionnaire and a medical screening

prior to participation in the experiment. The electronic

transducers (physiological sensors) were attached to the

subject, the subject's vestibular (equilibrium) senses were

stressed, and the physiological data were collected on a

Masscomp MC500 minicomputer and paper strip-chart recorders.

The final phase (post-experiment phase) consisted of

data analysis, thesis write-up, and recommendations for

further study.

-% 9
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II. Mo.Q, Sicknes

Chapter Overiew

MT ae long recognized problem of motion sickness is

historically outlined in the first part of this chapter. As

evidence was slowly gathered, many old theories were

disproven and new ones evolved. These current theories are

briefly explained in the second part. This chapter goes on

to describe the physiological indicators used to examine

those theories and concludes by exposing the techniques

employed to elicit the physiological resp6nses.

Hlioical Background

The history of motion sickness study is best approached

in an era-type of framework, as done by Reason and Brand

(46:1-27). They appropriately divided the time line into a

pre-19th Century era, a 19th Century through World War II

era, and followed with a description of the post-World War II

era. With due respect to those authors, that format will be

repeated here.

Pre-19th Cntury. This era has little to contribute to

the study of motion sickness other than the illness has long

been recognized as a motion disorder. As Reason and Brand

point out, motion sickness probably was first experienced

when man first used an artificial means of transportation
1%

(46:2). That was probably some type of ship or boat. Early

Greek writings reference motion sickness. "In fact," Reason

10
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and Brand state, "the term 'nausea' derives from the Greek

word 'naus' meaning a ship" (46:2). Lacking a good

scientific approach, or even an understanding of the

physiological effects, early sufferers and observers

contributed more myths and misconceptions than hard data.

Their folklore remedies were often worse than the ailment.

19th Century throg Wgrld War 1I. This era heralded in

the enlightenment of scientific research. Although many

folklore remedies and dubious cures remained, some inroads

were made into actually understanding the physiology of the

problem. Unfortunately a detailed knowledge of anatomic and
0!

physiologic functions was still some time off. The sixth

sense of the vestibular system, meaning the equilibrium and

motion sensing system, was not known or suspected until late

in the century. Consequently, most 19th century researchers

did not know where to place the locus of the motion

disturbance. According to Reason and Brand, theories of the

time generally implicated either the viscera (guts) or the

circulatory system (blood). Hence, Reason and Brand coined

these the "blood and guts" theories (46:5). Numerous

proponents of one or the other or both camps theorized

various etiological mechanisms for their pet theory. Schemes

such as "cerebrial anemia" (due to blood pooling in the gut)

and "abdominal vacuum" (due to descending guts and ascending

diaphragm) were proposed (46:5). Most theories were based,

at least in part, on some observation related to the illness.

d .- i
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Thus rapid movement of the eyes (nystagmus) was thought to

somehow cause spasms of the cerebral capillaries resulting in

vascular insufficiency of the brain and subsequent motion

sickness symptoms (46:6). However, none of the early

theories could account for the range of symptoms observed.

Finally, in the latter half of the nineteenth century, a

number of physiological experiments pointed to the existence

of a vestibular center. According to Reason and Brand,

experiments by Meni~re (1861), Goltz (1870), and Breuer,

Crum, Brown, and Mach (1873-74) identified the semicircular

canals of the inner ear as the detectors of angular

accelerations of the head (46:7). Later experiments by

Breuer, Kreidel (1892), Wojatschek (1909), Abels (1926), and

Sjoberg (1931) identified the otolith structures of the inner

ear as detectors of linear accelerations. A landmark article

by Irwin in Lancet (1881) named the semicircular canals as

the "origins of equilibration' and implicated their role in

athe true primary pathology of . . . seasickness" (46:8).

But, as often happens with novel ideas, his assertions were

mostly disregarded by his peers and the scientific

publishers. Only after rigorous scientific research in the

early 20th century and the necessity for answers in World War

II did the vestibular theory gain widespread acceptance.

In the pre-war years the theory of sensory conflict

began to emerge. Actually, Irwin had alluded to it in his

* 1881 paper when he stated that seasickness is promoted by

12
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"dischord between the immediate or true visual impressions

and a certain visual habit or visual sense of the fitness and

order of things . . ." (46:16). What this means is that the

eyes, the vestibular (inner ear), and body position senses

send conflicting information to the brain thus promoting or

exacerbating motion sickness. This hypothesis, and

variations of it, forms the basis of current motion sickness

theory and will be discussed in detail later.

The war years saw the greatest surge in motion sickness

research. The reason for this is stated accurately by Reason

and Brand:

The coming of the Second World War, and with it the need
to transport very large numbers of unacclimatised troops
by land, sea, and air, dramatically altered the status
of motion sickness from being a banal and faintly
ludicrous disorder to a problem of considerable military
significance [46:17].

Both seasickness and airsickness were of major concern

to the allies due to loss of efficiency, wash-out of aircrew

members, and incapacitation of large numbers of shipborne

troops. Consequently, extensive research was carried out in

A Britain, Canada, the United States, and Australia. Naturally

the exigencies of the war demanded quick identification of

highly susceptible individuals and/or fast, effective

treatment for those already afflicted. Neither of these

goals were effectively met. Little time was available for

thoroughly researching the etiology of the illness, so most

treatments treated the symptoms and not the causes. British

researchers learned early on that trying to reduce individual

13
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susceptibility could be done in some cases but it was much

too time consuming and uncertain (46:18). They had somewhat

better success with drug therapy but the side effects were

often as bad or worse than the disease. These so-called

remedies were issued to troops prior to the Normandy

invasion, but one general said "that D-day had resulted in

the greatest mass vomiting ever known in the history of

mankind" (46:18). Despite the problems, drug therapy was

seen as the easiest and most effective treatment.

Some wartime research, primarily Canadian and

Australian, was aimed at understanding the basic etiology. A

number of interesting findings resulted from this research.

The Canadians found that the incidence of motion sickness is

at its greatest in the 0.25 - 0.33 Hz motion frequency range

lc (46:19). The implication of the vestibular system in motion

sickness was further supported by the Australians when they

found that small head motions greatly contributed to the

onset of motion sickness (46:20). It is particularly

noteworthy that one Australian, McIntyre, laid the groundwork

for modern sensory conflict theory when he stated in 1941,

"In most cases (motion sickness) is due primarily to

disturbance of the sense of orientation in space, usually

caused by an inflow of conflicting impulses from different

receptors, in particular, the inner ear and the eye" (46:20).

Reason and Brand write that McIntyre also reported the

importance of visual cues and the proprioceptive (pressure

14
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sensor) mediating effects of being in physical control of the

vehicle (aircraft). These findings were supported and well-

documented by later studies.

The wartime studies produced an abundance of data on

motion sickness but relatively little in the way of unifying

theories (46:20). Unfortunately, when the war ended, so did

much of the interest in motion sickness research. It was not

until the beginning of the spaceflight era that a real

resurgence of interest occurred.

.Post World Har I. Due to the wartime research, the

importance of the vestibular system in the etiology of motion

sickness became quite clear. This meant that any new motion

sickness theory would have to include the role of the

vestibular system. But investigators in the post-war years

tended to concentrate solely on the vestibular system, to the

4-, exclusion of the other contributing factors. Arguments then

revolved around which vestibular component was primarily

responsible - the semicircular canals or the otoliths

(46:23). Evidence seemed to implicate the otoliths for the

following reasons:

1. Angular motions of ships and airplanes were below
the estimated levels for canal stimulation while
linear motions were quite sufficient to stimulate
the otoliths.

2. Nystagmus was not observed during seasickness and
hence it was assumed that nystagmus could only be
caused by canal stimulation.

3. Motion sickness could be caused by purely linear
motion.

15
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4. Symptoms could be alleviated by lying down or
* .tilting the head back, indicating decreased

otolith stimulation.

It was later found that these reasons were largely

invalid, due to faulty assumptions and poor experimental

methodology (46:24). At the time, though, this evidence led

to the otolith overstimulation theory of motion sickness.

This theory held that the otoliths were excessively

stimulated in an unusual motion environment and led to the

observed symptoms. However, this theory could not account

for two critical pieces of evidence. The first is that

motion sickness can be evoked in the absence of any motion at

all. This is most commonly evidenced by motion sickness

caused by a visual stimulus such as a motion picture of a

roller coaster ride. The second fact is that the

overstimulation theory does not account for the apparent

adaptation which occurs during a prolonged exposure to

abnormal motion. Thus, on an ocean voyage or in extended

experiments the subject becomes acclimated to the unusual

force environment and the motion sickness symptoms disappear.

However, upon returning to the normal stationary environment,

the symptoms reappear. Interestingly though, some symptoms

that have a definite direction or sign associated with them

(e.g. visual illusions) reappear with the opposite sign as

originally perceived (15:354). This behavior cannot be

explained by the vestibular overstimulation theory, but is

accountable by a sen-,ory conflict theory.
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Because of the limitations of the otolith

,% overstimulation theory, a more comprehensive sensory conflict

theory was developed by researchers in the late 1950's and

early 1960's. This was a more realistic approach since the

human body does not rely on one isolated sense or organ to

define the environment but uses instead the full repertoire

of senses to get a composite view. Which sense, if any,

contributes the most information will most likely be entirely

a function of the stimulus and the physical circumstance of

- "- the individual. Thus in cinemagraphic induced motion

. sickness, the eyes are primarily involved, while in an

enclosed centrifugal device, the vestibular organs are

implicated. But in either case, all the senses are involved

and some type of sensory conflict develops. Reason and Brand

call this conflict "sensory rearrangement" and state that it

is the first premise or condition for the sensory conflict

theory (46:25).

Current Tere

The sensory conflict theory is really the only one

*currently accepted as the most likely explanation for motion

sickness. There may be different variations of the theory,

but the basic premises are still the same. As stated in the

previous section, the first premise for the sensory conflict

theory is sensory rearrangement.

Sensory rearrangement is defined as the condition that

MU
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results from "motion information signalled by the vestibular

receptors, the eyes, and the non-vestibular proprioceptors,

[that] is at variance with the kinds of inputs that are

expected on the basis of past experience" t46:25). Under

Nnormal" movement conditions, i.e. usually upright walking,

the vestibular apparatus, the eyes, and the proprioceptors

(pressure sensors) send coordinated, appropriate information

to the brain. The brain matches this information to that

stored from previous similar motion environments and signals

proper emotional and motor responses. When the information

is not coordinated, inappropriate, or not in agreement with

previous knowledge, the brain is confused and motion

sickness results. This theory is shown diagrammatically in

Figure 1.

Besides sensory rearrangement, Reason and Brand state

another premise for the sensory conflict theory - *that

irrespective of what other senses are party to these

conflicts, the vestibular system must be implicated for

motion sickness to occur* (46:26). Proof of this premise

has been gained over many years of research and is

summarized by Pitman and Yolton (45). They cite peripheral

afferent nerve research in which investigators determined

that visceral, visual, and extra-ocular eye muscle afferent

nerves played some role, but were not crucial to motion

sickness susceptibility (45:32,33). They then state "on the

other hand, bilateral section of the vestibular nerve (CN

18
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Reprinted from 216:76

* Figure 1. Sensory Conflict Model
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VIII) in animals seems to confer immunity to motion

sickness" (45:32). Other experiments implicate structures

in the central nervous system (CNS). Pitman and Yolton

propose the following list as necessary neural elements in

motion sickness (45:33):

1. Vestibular apparatus.

2. Vestibulocochlear nerve (VIII nerve).

3. Vestibular nuclei (VIII C.N. Nucleus).

4. Nodulus and uvula of the cerebellum.

5. Chemoceptive emetic trigger zone (C.C.T.Z.).

6. Vomiting center.

7. Efferent nerves involved in the emetic response.

These structures are shown diagrammatically in Figure 2

(46:250).

Obviously, the membranous labyrinth (vestibular

apparatus) is a necessary component in motion sickness

etiology. The vestibular system may be directly involved,

as in provocative motion environments, such as shipboard, or

may be indirectly involved, such as a visual stimulus. A

visual stimulus will seek corroborative infocmation from the

inner ear and thus indirectly involve the labyrinth. This

necessary involvement of the vestibular system has two

important implications for the study of motion sickness.

The first is that the organism must be responding to a

changing environment. The vestibular system responds only

to linear and angular accelerations, thus the motion

J
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Figure 2. Principal Structures Involved in Motion Sickness
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stimulus cannot consist solely of constant velocity

IA" components. The second implication is that there must be

facultative linkages within the vestibular system, and

between it and the remote senses (eyes and proprioceptors),

as well as linkages with the brain. These linkages allow a

stimulus in one part of the sensory system to crossflow to

the other parts and evoke a motion sickness response.

Reason and Brand identify this crossflow as one type of

sensory rearrangement and term it "inter-modality conflict"

(46:26). They also recognize a second type which they call

"intra-modality" or "intra-labyrinthine conflict." This

• second type is a sensory conflict that occurs from

disconjugate signals being sent from the semicircular canals

and the otolith organs of the membranous labyrinth (Reason

and Brand, pages 83-86, and Parker both give good

descriptions of the vestibular system). Intra-labyrinthine

conflict occurs in the weightless space environment where

the brain receives appropriate motion information from the

semicircular canals, but virtually no confirmatory data from

the otoliths.

The two kinds of sensory rearrangement outlined above

are further broken down into six specific types as shown in

Table I. The 'Visual-Inertial" category corresponds to the

"inter-modality" type above, and the "canal-otolith"

category corresponds to "intra-modality" conflict. The

three types of conflict in Table I are explained as:

22
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Type 1: when A and B simultaneously signal
contradictory or uncorrelated information.

Type 2: when A signals in the absence of an expected
B signal.

Type 3: when B signals in the absence of an expected A
signal.

In all types however, the basic stimulus is a mismatch of

current sensory information with the expected or stored

sensory experience. Thus, as far as the brain is concerned,

the new sensory information is in a new arrangement, or

rearrangement. After a period of adaptation, the brain

accepts the new arrangement and programs somatic responses

accordingly. When the motion stimulus is removed, the brain

is again faced with a sensory rearrangement and concomitant

motion sickness. This was often observed following long sea

voyages and was called "mal de d~barquement.' Kohl (28)

hypothesizes that the location in the brain for comparing

new sensory information with past experience is the limbic

system. Because of the importance of this neural center, he

prefers the term "neural mismatch" to sensory conflict in

describing the etiology of motion sickness. Kohl describes

the limbic system like a type of Grand Central station of

the brain where "the significance of environmental stresses

are translated into hormonal, adaptive, and autonomic

responses" (28:465).

.. The importance of central processing of old and new

information in the brain was demonstrated by Held and others

- as described by Lackner (29). A number of elegant

23
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" *~TABLE I

Some Everyday and Laboratory Examples of the Six Kinds of
Sensory Rearrangement that can Provoke Motion Sickness

Type 1 (A and B)

Visual (A) - Inertial (B)

1. Watching waves over the side of a ship.
2. Looking out of the side or rear windows of a moving

vehicle.
3. Making head movements while wearing some optical device

that distorts vision.

Canal (A) - Otolith (B)

1. Head movements made about some axis other than that of
bodily rotation - cross-coupled angular accelerations.

2. Low frequency oscillations: between 0.1 and 0.3 Hz.

• Type 2 (A not B)

4 . Visual (A) - Inertial (B)

1. "Cinerama Sickness."
2. Operating a fixed-base vehicle simulator with a moving

visual display - "simulator sickness."
3. "Haunted-Swing" type of fairground device.

Canal (A) - Ototlith (B)

1. Weightless flight - "space sickness."
2. Calorific stimulation of the outer ear.
3. Positional alcoholic nystagmus associated with alcohol

and heavy water.

Type 3 (B not A)

Visual (A) - Inertial (B)

1. Reading a map in a moving vehicle.
2. Riding in a vehicle without external visual reference.
3. Being swung in an enclosed cabin.

Canal (A) - Otolith (B)

1. Rotation about an Earth-horizontal axis.
2. Any rotation about an off-vertical axis.
3. Counter-rotation.

(Adapted from 46:106)
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experiments showed that effective sensory-motor coordination

depended on constant feedback and sensory comparison in the

brain. According to Lackner (29:149), Held developed

concepts of "correlation storage" and a "comparator" to

account for learned patterns of movement and comparison

feedback with new motions. Later studies by Lackner and

-A others indicated that adaptation to a new sensory

environment depended on a spatial or sensory discordance

(29:153). Thus not only does sensory rearrangement lead to

adaptation, but sensory-motor adaptation depends on that

*rearrangement. One caution seems in order here. Held's

A. "correlation storage" and similar concepts propounded by

other researchers may not be feasible in the form they were

envisioned. They were proposed in terms of stored patterns

of neural efferent commands. Supposedly, an organism then

compares the efferent and reafferent neural signals to

stored patterns of these signals in the brain or what Held

calls the "exposure-history" (29:153; 46:105). The term

"efferent" here refers to neuromotor signals from the brain

to the muscles, and "reafferent" means neural feedback from

the proprioceptors, eyes, and inner ear to the brain

indicating body position and movement. Lackner contends

that this concept of stored efferent "memory traces" is

absurd because of the infinite number of possible

combinations of neural signals (29:154). He proposes

instead that "adaptation to sensory rearrangement often
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takes the form of 'postural remappings' (i.e., changes in

the apparent position of parts of the body in relation to

one another) rather than motor remappings" (29:155).

Postural remapping would be a simpler process for the brain

to manage since it would involve only a single

*! transformation as opposed to the numerous motor efferent

responses.

Whatever the actual form the "exposure history" takes,

the result is still the same. Sensory rearrangement or

.. neural mismatch occurs and the body responds with symptoms

of motion sickness. Symptoms may vary widely in intensity

0from one individual to the next but the pattern of symptoms

is fairly constant, as will be seen in the next section.

Physiological Int..Qtra

A basic concept in physiology is that of homeostasis.

This term is used by physiologists to mean maintenance of

stable, or constant, conditions in the internal body

environment (23:3). Whenever the environment is disturbed,

the body takes active steps to return to its homeostatic

condition. Thus when an individual does strenuous physical

work and raises the body's temperature, the body responds by

activating thermoregulatory systems to bring the temperature

back within tolerance. However, some homeostatic mechanisms

are counter-productive because the responses may no longer

be appropriate to the stimulus, secondary responses occur

.72
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that do not serve the homeostatic purpose, or the mechanism

is understood incompletely. In the case of motion sickness,

all three reasons may apply.

In its undisturbed functioning state, the vestibular

system serves an important homeostatic need. It works in

concert with the visual and proprioceptive systems to

provide information on where the body and its associated

parts are and how they are moving. This constant feedback

to the CNS allows coordinated, appropriate movement to
occur. It will also allow rapid response to a threat for

survival of the organism. The entire system, though,

depends on fine integration of sensory input with motor

output. Graybiel hypothesizes that this integration has

evolved through natural selection and is so deeply rooted

that it is transparent to the organism (15:351-367). He

cites the lack of vestibular disturbance under natural

conditions as evidence of this complex integration and uses

the term "silent elegance" to describe its effectuation in

the organism (15:351). But although it works very well in

its silent natural role, the vestibular system does not work

so well, and certainly not silently under unnatural

conditions. We might say that the vestibular system is

finely tuned to the natural bipedal locomotion of man and is

easily disturbed by any type of artificial or unnatural

locomotion. When the vestibular system is disturbed, it

elicits the motion sickness symptoms. These symptoms
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generally fall into two main categories which Graybiel has

termed V-I and V-II (15:352).

Vetibular Disturbances and I jff, t.

Graybiel's V-I category includes disturbances to the

vestibular system itself and collateral systems that

normally receive vestibular activity. These disturbances

cause reflex reactions that often include the following:

1. A "rotation" or *tumbling' sensation.

2. A visual illusion of motion called Coriolis
oculogyral illusion.

3. Coriolis-induced nystagmus (rapid eye motion).

4. Dizziness.

5. Motor incoordination (ataxia) (15:354).

Because these are reflex responses to vestibular

stimulation, they are not formally considered part of the

motion sickness syndrome. They may be evoked by other means

(e.g., caloric stimulation), which may or may not lead to

motion sickness. The fact that the preceding disturbances

are reflex reactions is supported by the following common

characteristics:

* 1. Short latencies.

2. Maximal response to the initial stimulus.

3. Modulation by secondary influences.
4. No apparent temporal preservation after stimulus

cessation.

5. Variable time course of adaptation.

6. Need for readjustment on return to the stationary
environment (15:355).
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*. Without accurate physiological monitoring equipment, or

detailed qualitative comments from the subject, these

initial reflex reactions might be missed by the

experimenter. However, the second category of symptoms is

easily observable and represents the 'typicaln

symptomatology of motion sickness.

nd " Effects, .igns, And Smptoms. The second

category of symptoms (Graybiel's V-II category) is an

indirect result of the sensory conflict, usually arising

frou vestibular disturbance. Graybiel terms this secondary

influence an example of *system crossover manifestationso

(15:355). By this he means that the symptoms originate from

two normally independent systems but appear to be the

manifestation of one. For this to occur, a crossover must

occur via some facultative linkage. As stated earlier,

evidence seems to implicate the limbic system of the brain

as a likely crossover point with the emetic center and

chemoceptive trigger zone (CTZ) as initial effector sites.

Graybiel argues that the "once-removed" origin of the

secondary symptoms ensures that they make no physiological

sense in terms of response to the initial stimulus or in

restoring homeostasis. Since these symptoms are

superimposed on those in the V-I category, the investigator

faces a bewildering array of signs and symptoms.

Furthermore, secondary symptoms may lead to third order

complications, i.e., vomiting leading to electrolyte
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imbalance. However, some combination of the signs and

symptoms presented in Table II is generally accepted as

indicative of motion sickness.

The !j Four" Symptoms. The most commonly

reported symptoms are pallor, nausea, vomiting, and cold

sweating, with nausea the most frequent complaint (40:3;

46:39). Some investigators claim that pallor always

precedes nausea and thus may be the most accurate predictor

of motion sickness (7:507). However, pallor is usually

subjectively assessed and may vary widely from subject to

subject and one experimental run to the next. Nausea, or

its milder form "stomach awareness," is somewhat more

accurate, and if reported by a non-coached or naive subject

is quite reliable. Almost any motion stimulus if severe

' enough or continued long enough will result in nausea and

eventually vomiting.

From an experimental point of view, vomiting is usually

taken as the end point for eliciting a motion sickness

response (15:365). Although most sufferers report

symptomatic relief after vomiting, it is still not a

V,
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TABLE II

Motion Sickness Manifestations

Cardiovascular

Changes in pulse rate and/or blood pressure.
Increase in tone of arterial portion of capillaries in
fingernail bed.
Decrease in diameter of retinal vessels.
Decrease in peripheral circulation (especially head pallor).
Increase in muscle blood flow.

Alterations in respiration rate and type.

Sighing or yawning.

Gastrointestinal

Inhibition of gastric intestinal tone and secretions.
Salivation.
Gas or belching.
Epigastric discomfort or awareness.
Sudden relief of symptoms after vomiting.

Decrease in body temperature; coldness of extremeties.

Visual Syste

Nystagmus.
Ocular imbalance.
Dilated pupils during emesis, small pupils at other times.

Apathy, lethargy, sleepiness, fatigue, weakness, malaise.
Depression and/or anxiety.
Mental confusion, spatial disorientation, dizziness,
giddiness.
Anorexia, unusual sensitivity to repulsive sights or odors,
or excessive discomfort from previously tolerable stimuli
such as heat, cold, or tightness of clothing.
Headache, especially frontal headache.
Decrease in muscular coordination and psychomotor
performance.
Decrease in time estimation.
Decrease in motivation.
Changes in muscle tension.

(Adapted from 41:143)
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pleasant experience. Experimentally, it is often better to

. uuse nausea as the end point and control the nauseogenic

stimulus to prevent symptom progression to the vomiting

level. Reason and Brand tried to answer the question of

defining an experimental end point and listed two

approaches. The first approach was that described above:

use nausea as an end point since vomiting is undesirable.

The second approach uses a numerical index or ordinal scale

of motion sickness intensity as an end point. Some early

4: investigators used a 'sickness index" based on subjective or

objective inputs, including sweating, nausea, and vomiting,

.0 while later workers defined a motion sickness severity scale

*i to judge levels of illness below vomiting (16:453; 39:7;

46:80). A third technique employs a subjective magnitude

estimation of the level of motion sickness discomfort

(2:773). The rating scheme most commonly in use now is that

developed by Graybiel and his associates (16). However,

even that well-defined approach depends heavily upon

\4. subjective input. A more effective technique is to use an

objective, quantitative measurement. Graybiel recognized

the need for objective, quantitative data when he stated:

It is unfortunate that so little attention has been
given to the earliest appearance and disappearance of V-
II symptoms along a time axis. Only in this way will we
gain some notion regarding latency and whether we are

5dealing with first-, second-, or even third-order
symptoms or their complications [15:358].

)-

Graybiel went on to describe one set of studies which

44: did look at a time course progression of symptoms and noted
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that the first recorded response was cold sweating, followed

shortly by stomach awareness and nausea (15:358). He

explained the short latency (3-4 seconds) was due to neural

crossflow from the vestibular system to the origin of the

autonomic response (sweating) by some facultative linkage.

Also, an observed preservation of the effect was probably

due to release of a chemical factor or prolonged

reverberating neural activity. Both the short latency

effect and extended response of cold sweating were also

noted by Reason and Brand when they cited McClure (46:42).

In that study, two distinct sweat responses were observed,

Othat from the arousal sweat area on the palm, and that from

the thermal sweat area on the dorsal hand and forearmu

(46:42). The first was associated with a short latency

"orientation reaction" to any novel or unusual stimulus

while the second was a slower evolving response

characteristic of motion sickness symptoms. They caution

investigators to be aware of this difference and treat the

first response suspiciously. Work by Parker (1971)

confirmed the use of the forearm as an apparently reliable4.

* indicator of motion sickness response. This evidence

suggests that further time course studies should be done

with these and other physiological indicators. Such was the

intent with the current investigation.

Other physiological indicators besides the "big four"

of pallor, cold sweating, nausea, and vomiting are less
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consistent and reliable but do frequently occur (46:45).

These other symptoms include the remaining items in Table

II. A thorough review of these symptoms is given in Money

(40).

Cardiovascular Symptoms. Cardiovascular Symptoms,

including pulse rate and blood pressure, have been observed

often in motion sickness subjects but they have been very

variable and unreliable (46:54). Crampton (7) noted certain

trends among several variables, but concluded that the only

reliable indicator seemed to be pallor. Among the sick

subjects, systolic and diastolic pressures fell, while pulse

• -rate and digital pulse amplitudes (indicating

vasoconstriction) increased (7:505). These symptoms may be

useful to observe for additional data, but by themselves are

not conclusive enough to predict motion sickness. Graybiel

-i and Lackner reached the same conclusion with blood pressure,

heart rate, and temperature (20:211). Two problems are

immediately evident, however, when comparing these studies.

The first is that if vomiting is used as the end point of

the experiment, the act of vomiting causes cardiovascular

* changes (46:57). The second problem is that many different

techniques were used to elicit motion sickness responses and

the types of equipment and methods of measurement varied

widely. Generalizations are therefore very suspect and

difficult, if not impossible, to prove.

Respiratl y Symptoms. Respiratory changes, as

34
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Sshown in Table II, often accompany motion sickness but the

direction and type of change is again very variable.

Crampton and others noted a general increase in respiration

but this was at variance with a number of other researchers

* (7:507; 40:6; 46:57). In some cases the respirations were

slow and shallow as opposed to fast and deep (40:6).

Additional signs may include sighing or yawning, a change in

the regularity of respirations, and possibly a shift from

diaphragmmatic to thoracic breathing (9:14). As with the

cardiovascular symptoms, the respiratory changes are not

consistent between individuals or for the same individuals

at different times. But these symptoms need to be measured

in a comprehensive time-line study to examine possible

interrelationships among all the variables.

Gastrointestinal Changes. Since nausea and

vomiting are two of the cardinal symptoms of motion

sickness, a lot of emphasis has been placed on studying

gastrointestinal changes. This area shows a surprising

consistency in reported symptoms. Most researchers have

reported that gastric tone and motility decrease with the

onset of motion sickness (9:2; 40:6; 46:58). This change is
-p%

often accompanied by duodenal spasm, decreased intestinal

tone, increased or decreased gastric secretions, salivation,

swallowing, diarrhea, and flatus or belching (40:6).

Although Crampton noted a more abrupt decrease in gastric

. tone, and some brief changes in tone level among his sick
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subjects, he could not clearly correlate these changes to

the reports of nausea or vomiting (7:504). However, Reason

and Brand point out that Crampton used an intragastric

recording device (stomach balloon) which, by its presence,

could have interfered with the recordings (46:58). Most

recent studies use external electrical transducers to avoid

that problem.

Gastric tone has very recently become a significant

concern in space motion sickness. Dr. William Thornton, a

NASA astronaut on Spacelab 2 made the important observation

that gastric hypomotility was evident in space-sick

astronauts (42:35-18). He felt that this loss of gastric

tone might be an important indicator or perhaps contributor

to the space sickness syndrome. Soviet researchers have

'Di also noted loss of gastric tone among cosmonauts and think

that this may contribute to other gastrointestinal problems

(41:201).

Miscellaneous Signs. Other signs of motion

sickness often reported in the literature include: body

fluid biochemical changes, body temperature rise or fall,

visual abnormalities, muscular hypertension, and behavioral

effects. Some researchers have also noted changes in

electroencephalogram (brain wave) patterns (46:63).

Changes in biochemistry have been studied extensively,

particularly in recent years in relation to drug studies (4;

14; 17; 18; 19; 36). Since the present work did not attempt
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to investigate biochemical changes of motion sickness, they

will not be reviewed here.

Temperature changes have been frequently reported and

include basal body temperature, skin and mouth temperature,

and the extremities (40:7). Crampton observed a body

temperature decrease in his subjects even without movement-

induced surface cooling (7:506). However, he attributed the

temperature drop to the effects of sweating and increased

respiratory cooling.

Money (40) listed the following visual changes: ocular

imbalance, no ocular imbalance, constricted pupils, dilated

* pupils (particularly during emesis), and the reflexive

nystagmic response. Besides nystagmus, these signs are very

unreliable as motion sickness indicators. As noted earlier,

nystagmus is not normally considered a motion sickness

symptom since it is a reflex response that can be elicited

by other means. However, since it is so often observed in

experimental studies, it must be included as a possible sign

of motion sickness (34:469).

Skeletal muscle tension has been reported as a symptom

of motion sickness. Whether the tension is due to the

sensory conflict or to overall stress resulting from the

illness has not been determined. As an indicator of overall

stress, muscle tension measurement may still be valid since

it indicates the underlying psychological and physiological

state of the subject.
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A more definitive indicator of the psychological state

S"of a motion sick individual may be the electroencephalogram

(EEG). The EEG can be analyzed to measure the electrical

activity of the brain in discrete frequency bands. Although

the brain waves of a normal human are usually irregular and

show no apparent pattern, they frequently can be considered

to lie in discrete patterns (23:675). As explained in the

next chapter, the brain wave patterns of interest in the

current study are the alpha, beta, and theta waves. At

least two possibilities might be observed in this regard.

The first is that beta II (high frequency beta) or possibly

theta waves might occur due to increased levels of tension

or stress. The second possibility is the possible

appearance of alpha waves due to a quieting of mental

activity. Of course, the third possibility of no change or

no discernible pattern is also present. Some previous

investigations have failed to find any correlation between

brain wave activity and motion sickness, while others have

noted the appearance of alpha waves indicating the apparent

depression of mental activity (46:63). The latter finding

*seems in agreement with some clinical observations of

drowsiness and lethargy in victims. Once again, although

EEG patterns may not be independently conclusive, they may

add to the overall pattern and indicate underlying

.-. . physiological ane behavioral changes.

BhaviJoral Chnges. Numerous behavioral changes
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have been associated with motion sickness, the most common

one probably being malaise, meaning a general feeling of ill

boding or depression. Most of the humorous (except for the

victim) anecdotal accounts of motion sickness relate to

behavioral responses. Feelings of abject misery often

result in what Money (40:7) cites as "physical and moral

o-, prostration.*

Many attempts have been made to classify motion

sickness victims into certain behavioral or physiological

types. A study by Collins and Lentz, using primarily a

battery of written tests, found that motion sickness

susceptible individuals showed high levels of anxiety and

had indications of neuropsychiatric and psychosomatic

problem tendencies (4:587). These authors also found that

susceptible individuals showed a correlation with

introversion and neuroticism scales. The personality

traits, as determined by Collins and Lentz, are summarized

by Connors et al. (5):

Nonsusceptibles can be characterized as emotionally
stable, venturesome, self-assured, relaxed, adjusted,
thinking-oriented, not neurotically disposed, and good
leaders. Susceptibles are defined as emotionally
oriented tender-minded, and subjective, and as
possessing traits generally the opposite of those
defining non-susceptibles 15:44].

Other work described by Connors and her co-authors

confirmed the anxiety tendency of susceptibles and went on

to classify individuals according to "autonomic-functioning

profiles" (5:44). This classification scheme, developed by
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Cowings and her associates at NASA's Ames Research Center,

separates subjects into "sympathetic dominant" and

Uparasympathetic dominant" groups (5:45). According Connors:

Individuals with sympathetic-dominant autonomic profiles
showed less anxiety, were less able to perceive their
own autonomic functioning, and, under conditions of
unusual vestibular functioning, showed fewer symptoms of
motion sickness than did parasympathetic-dominant
individuals [5:451.

Although these personality traits for susceptible

subjects agreed somewhat with those described by Collins and

Lentz, the connection between autonomic dominance and motion

sickness susceptibility was not clear. Non-susceptible

subjects in the study by Collins and Lentz showed traits

normally associated with parasympathetic dominance

(emotional stability, well-adjusted, extroverted, etc.).

But according to Cowings and her co-workers, these same

individuals would be classified as sympathetic-dominant

(5:45). Apparently, motion sickness cannot be clearly

predicted on the basis of behavioral-type, at least using

current methods.

The susceptibility groupings used by Cowings and her

associates are really the resurrection of a popular

classification scheme in the early part of the the twentieth

century. According to Reason and Brand, a scheme proposed

by Eppinger and Hess in 1917 divided susceptible individuals

into 'vagotonics" or "sympatheticotonics' based on pulse

rate and blood pressure (46:50). The theory was that

"vagotonics" experienced symptoms manifesting excessive
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activity of the parasympathetic nervous system, while

"sympatheticotonics" had heightened activity of the

sympathetic nerves. The symptoms associated with these

types were headache and malaise with no vomiting for the

first type, and frequent vomiting with rare headaches for

the latter type (46:50). This "head-type" verses "stomach-

type" of classification was debated and, as the "blood and

guts" theories that preceded it, eventually succumbed to

lack of evidence. It did, however, emphasize the importance

of time-line studies of interrelated symptomatology and may

still have relevance to temporal progression of motion

sickness. Reason and Brand suggest that relatively

susceptible individuals, when subjected to a mild stimulus

of long duration may first feel "head" symptoms followed

later by "gastric" symptoms (46:52). Nonsusceptible or

resistant subjects may feel only mild "head" symptoms or

none at all under the same conditions. When the stimulus is

severe and sudden, the susceptibles may feel "gas-ric"

symptoms immediately while the resistant individuals may

have a "head" symptom period which may or may not be

followed by "gastric" problems. Thus the "vagotonic" versus

"sympatheticotonic" distinction might be related more to a

temporal effect and inherent susceptibility rather than

nervous system response. The same conclusion was reached by

Reason and Brand: "We can suggest, therefore, that the

particular reactions observed depend upon the complex
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.- interaction of three factors: the severity of the.,.. ,..

""" provocative stimulus, the basic susceptibility of the

individual and the length of time for which he is exposed'

(46:52).

Tecnigu. fL~ Eiiing, & MoQ.tion ickness Response

This section briefly describe the methods used in a

laboratory to provoke a motion sickness response for

experimental purposes. It specifically does not cover the

types of motion known to cause motion sickness under non-

experimental or 'natural" conditions. As pointed out

earlier in this chapter virtually any type of motion,

* besides the evolutionarily natural bipedal upright

locomotion, can cause motion sickness. The intent here is

to outline specific techniques useful for evoking andk
studying motion sickness under controlled under controlled

laboratory.

Even with the above limitation, the number of

provocative stimuli is very large. The stimuli can be

broken into two basic groups: those that involve movement of

the subject, and those that do not. The former category

includes various types of angular motion, linear motions,

, ~.swing motion (pendulum), normal body motion with altered

visual input, and combinations of the above. The non-motion

' category of stimuli includes visual illusions of motion

(cinemagraphic sickness), caloric stimulation of the
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vestibular apparatus, and the special case of free-fall

(microgravity) where the subject is not usually considered

to be in motion, but from an inertial reference frame point

of view actually is moving. Because of its more limited

applications, the latter category will be considered first.

Non-motion Simuli. Visual illusion of motion is a

non-motion stimulus that creates a sensory conflict in the

brain by eliciting conflicting responses from the eyes and

position senses. The stimulus is usually some type of

motion picture displayed on a wrap-around screen so the eyes

misinterpret the information (44). The eyes mistakenly

signal the brain that according to the visual scene, the

body is in motion. Theoretically when the vestibular system

and proprioceptors signal that the body is at rest, sensory

conflict and motion sickness results.

Caloric stimulation of the inner ears is essentially

the reverse process of that described above. When one

external ear canal is irrigated with a relatively warm fluid

(e.g., water at 44 degrees Centigrade) while the other canal

is irrigated with relatively cool fluid (30 degrees

Centigrade), reflex nystagmus occurs (47:218). If continued

long enough this canal stimulation may signal a tumbling

sensation to the brain which is contra-indicated by the

eyes. Again this sensory conflict may lead to motion

sickness (41:142). Caloric stimulation of the semicircular

canals is used riost often as a test for normal vestibular
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I" function by measuring the rate of decay of the nystagmus

(3:124).

Free-fall is a special case of non-motion inauced

motion sickness. It is special because it involves a

completely new stimulus compared to anything the individual

might have experienced before. Although perhaps motionless

*, in the relative reference frame, the subject is actually

moving quite rapidly (falling) in the inertial reference

frame. This, in effect, produces a zero-gravity (or

actually a microgravity) condition. The effect on the

organism is profound (41:127). The otoliths in the utricles

and saccules of the vestibular apparatus depend on gravity

to continuously send body position information to the brain.

In the absence of gravity, the neural information is either

missing or meaningless. However, the semicircular canals

respond to angular accelerations and function in the

• .presence or absence of gravity. Under normal conditions,

the brain relies on coordinated and confirmatory data from

all parts of the vestibular system. Since this is not

-' possible in free-fall, once again sensory conflict occurs.

Although this is not a typical laboratory technique, free-

fall has been used by a number of investigators to study the

particular form of motion sickness it elicits (27; 30; 32;

33; 38; 42). The study of free-fall induced motion sickness

"p is a very large subset of motion sickness studies in general

and beyond the scope of the present effort.

44

AZe



Motion S . The category of stimuli that involves
" 4movement of the subject is very large. Almost any type of

motion that results in rapidly changing force vectors and/or

causes sensory conflict, can cause motion sickness.

Linear motion, especially vertical oscillation, and

two-pole and four-pole swings have been used to elicit

motion sickness (7:501; 22:555; 40:10). Vertical

oscillation at frequencies of 15 to 22 cycles per minute

(0.25 to 0.37 Hz.) and acceleration levels of 0.2 to 0.4 G

have been particularly effective (9:4). Money (40) noted

that "using a vertically oscillating cab, it has been shown

that the incidence of motion sickness varies with wave

duration (period), acceleration level, energy per wave, and

rate of doing work in oscillating the cab" (40:10). He also

observed that no single characteristic had more effect than

any other, although when the frequency was greater than 32

cycles per minute (0.53 Hz.), motion sickness was not

elicited. This agreed with findings using swings, "a radius

of close to 15 feet and a frequency of 15 cycles per minute

are most effective . . . lower radii (with lower frequency

of swinging) or smaller radii (with higher frequency of

swinging) result in a lower incidence of sickness" (40:11).

Normal walking can also cause motion sickness when the

visuai system has been altered. This is often done by

allowing the subject to wear special glasses or goggles.

One type of goggles reverses the visual scene while another
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type inverts it. Both types produce motion sickness by

sending visual signals to the brain that do not agree with

vestibular and proprioceptive senses (40:16). It is

interesting to note, however, that according to a recent

Public Broadcasting Station television presentation entitled

"The Brain," an individual made ill by the above method will

quickly adapt to the new visual scene. The motion sickness

symptoms will subside and remain in submission as long as

the goggles are worn. However, when tne goggles are

removed, the motion sickness will return until a new

adaptation period has elapsed.

Another visually-induced motion sickness technique is

the use of a rotating or counter-rotating dome, drum, or

wall. This method has the subject slowly rotating on a

platform or chair while the visual field rotates in the same

direction at a slower speed, or in the opposite direction.

Since the motion the subject actually experiences is

different from the apparent motion in the visual field,

sensory conflict results.

Angular rotation about an earth-horizontal axis

produces motion sickness in an unusual way since angular

acceleration is not a primary component. In this case, the

constant velocity rotation does not stimulate the

semicircular canals but the constantly changing

gravitational vector (linear component) strongly stimulates

the otoliths (40:11). This method produces
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intralabyrinthine conflict and concomitant motion sickness.

Perhaps the most common method for eliciting motion

sickness in the laboratory is cross-coupled angular

acceleration. The subject is spun or rotated about a

vertical axis and allowed or directed to make head motions

out of the rotational plane. These motions are frequently

complex since they involve linear and angular components,

simultaneous linear or angular accelerations in several

planes, or combinations of the above (51). In both human

and animal experiments, it has been shown that complex

-motions are much more nauseogenic than single component

motion (9:4; 40:11). By carefully controlling the exposure

of a test subject to these complex motions, the intensity

and rate of onset of motion sickness symptoms can be

controlled. Graybiei and Wood (1969) showed in studies

using a slow rotation room that if the rate of rotation and

frequency of head motions were increased the severity and

rate of onset of symptoms were greater. Thus the researcher

can control the nauseogenic stimulus. In the present study,

a cross-coupled angular acceleration stimulus was

administered by means of a rotating chair. This chair and

its associated equipment will be described in the next

chapter.
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III. Computerized Bipyia Data guiiin Sytm

This section describes the overall system elements used

to accomplish this study. Each monitoring device is

detailed, along with a brief description of the

physiological function studied. The basic capabilities of

the data collection devices are covered at the end of this

section.

The system essentially consisted of the rotating chair

and related controls, a human volunteer test subject,

physiological monitoring devices, and instruments to record

Q ithe test subject's reactions to adverse motion stimuli. The

overall system concept has been previously discussed in

thesis efforts by Capts Earl and Peterson (11) and Capts

Fitzpatrick, Rogers, and Williams (12). Note, however, that

major modifications were made to both equipment and software

to tailor the data collection to the requirements of this

project, so numerous specific details have changed since the

previous efforts were finished.

A block diagram of the system is shown in Figure 3.

Rotating Chair

The multiaxis motion simulator assembled by Earl and

4'. Peterson was used to elicit motion sickness responses (11).

d
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Rotating Chair

Subject _

Physiological I Feedback 8 - Channel
Monitoring I Equipment I Strip Chart
Equipment ,i(See Note)'

:speed)

Physiological I Feedback 8 - Channel
Data Data > Strip Chart

, _ I[Recorder (high speed)

2 - Channel
16- Channel Chair j Strip Chart

Data Commands Recorder (EEG)

Remote
Control Physiological
Console Data

Feedback
I Data

MC500 Computer

-- Computer Terminal

Display
DataCRT 4E

Display

NOTE: Feedback Equipment To Be Added Later

Figure 3. System Configuration
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,In this study, subjects were rotated about the vertical axis

only. A hood to cover the passenger compartment and filter

out unwanted visual stimuli was available for use and was

actually tested on one subject. However, hood use was

discontinued because unwanted visual stimuli still entered

through various openings and ventilation was poor.

The chair's rate and direction of rotation was

controlled by a separate control console. In Figure 4, a

picture of the console is shown. The fast control settings

were used to attain a 25 rpm rate when required by the

protocol. The maximum rotation rate for the slow control

settings is 14 rpm. See Chapter IV for the operational

procedure used in data collection. In an emergency, the

subject could stop the rotation by pushing an "emergency

stop" button on the chair's control console. Due to

possible undesirable after effects of a sudden stop on the

7vestibular system, subjects were asked not to use the button

unless absolutely necessary.

A photograph of the chair is shown in Figure 5.

Test subjects were Air Force-member, male volunteers

from the Air Force Institute of Technology. Solicitation

was by personal contact and publicity. No attempt was made

to select subjects to fit certain background requirements;

availability and willingness were the main selection

e
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criteria. Both rated and non-rated subjects were used.

Females were not solicited because of the location of

certain physiological monitoring devices.

Physiological Monitloinga Eupm n
Each test subject was outfitted with a number of

* electrodes, strain gauges, and other apparatus to measure

physiological responses to adverse motion stimuli. Special

acknowledgement is given to Dr. William Czelen, M.D., who

designed and constructed the devices described on the

following pages. For a diagram showing the placement of

each device, see Figure 6.

Ra d. The electrodes used were of the

'4 silver/silver chloride type because of stable half-cell

potentials and low noise characteristics (9:13). Two

commercially available disposable electrodes were used.

Andover Medical "Huggables" Infant Monitoring Electrodes

were placed on all head locations. At other locations
(besides the EMG location), NDM Corporation Silvon Stress

Test ECG electrodes were used. For the EMG, three reusable,

silver/silver chloride electrodes with electrolyte gel were

placed over the muscle mass of interest.

Electrocardiogram (EKG). The purpose of the EKG is to

measure the electrical potentials generated by the active

heart. Electrodes placed on opposite sides of the heart

detect the changes and allow recordings of the electrical
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current differences (23:176). For this study, the EKG was

used to record variances in heart rate and any possible

changes in heart rhythm. The frequency response of the

transducers was 0.05 Hz to 30 Hz with an amplitude in the

range of a few millivolts (9:13).

Sphygmomanometer. The purpose of a sphygmomanometer is

to record arterial blood pressure. Blood pressure varies

with the heart's rhythm, reaching a maximum (systolic)

pressure with each ventricular contraction of the heart and

reaching a minimum (diastolic) pressure with each

ventricular relaxation (21:180). Blood pressure is normally

measured in units of millimeters of mercury (mm. Hg), with

typical values for a normal young adult being 120 mm. Hg

systolic and 80 mm. Hg diastolic (23:246). The

sphygmomanometer in this study was an Astropulse 90, an

automatic, digital device manufactured by Marshall

Electronics, Inc. of Skokie, Illinois. The Astropulse 90

included a built-in printer. Outputs were obtained via

4.- remote control at the onset time of critical symptoms. Each

output included a time of recording, systolic and diastolic

0blood pressure, and heart rate. See Figure 7 for a sample

output.

Ballistocardiogram. The ballistocardiogram is used to

measure the force of rebound of the chest from cardiac

impact.

Electroencephalogram (E. The EEG is used to record

5



Ir

*%.' .

r n H iir!.4 3 r r

z14 1 ,, -

. - 7 - C.-

E l, - ..

xH

Figure 7. Sphygmomanometer Sample Printout

V' f I.

0 :,5

. 55

"0 . .-. ...- . ., ' ' " , .-" -. - .. ., ." . .-., - - - .. ," ' " " , . , . . e " .- ' , " -, -, % " " " ' -, " , ' -, '



changes in the brain's electrical activity. The intensity

and pattern of this electrical activity are highly dependent

on the brain's level of excitement (23:675). These

undulations in the recorded electrical potentials are called

brain waves.

Brain waves recorded at the surface of the scalp vary

in intensity from 0 to 300 microvolts, and vary in frequency

from one cycle every few seconds to 50 or more cycles per

second (23:675). Although much of the time these brain

waves are irregular and no general pattern is discerned,

distinct patterns may appear (23:675). The patterns of

. interest to this study are the alpha, beta, and theta waves

(9:17).

Alpha waves occur at an intensity of about 50

microvolts, a frequency of 8 to 13 Hz., and are found in

almost all normal adults in a quiet, resting state while

awake (23:675). These waves disappear when attention is

directed to some conscious mental activity (9:17). Beta

waves occur at a frequency of 14 to 50 Hz, and are most

frequently recorded from the parietal and frontal regions of

0 the scalp (23:676). At the higher end of their frequency

range, these waves are associated with intense central

nervous system activation or with tension (9:17). Finally,

theta waves have frequencies of 4 to 7 Hz. Theta waves are

associated with emotional stress in adults, particularly

during disappointment and frustration (23:676).
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• .-. See Figure 8 for placement of EEG electrodes.

Photo-plethysmographs. The function of a photo-

plethysmograph is to optically measure blood flow volume

(skin pallor) changes at desired locations in the body. A

change in skin pallor is a well-established indicator of

motion sickness (46:41-45). As blood flow increases, the

plethysmograph detects the corresponding increase in the

area's opacity to light. The frequency response of the

system is 0 to 5 Hz. with a fundamental of 1.3 Hz. (9:13).

This study measured pallor at two locations: the face and

the little finger.

The facial photo-plethysmograph consisted of a clip-on

device attached to the right earlobe of the the test

subject. A light was located on one prong of the clip, with

a sensor located on the other prong. The sensor detected

changes in the light transmitted by the light which

indicated varying blood flow volume. The ear was covered by

an ear hood to prevent extraneous light rays from affecting

readings.

The peripheral (finger) plethysmograph consisted of a

hardened plastic tubular apparatus, totally enclosed at one

end, that was fastened snugly with a strip of velcro.

Within the enclosed end is a light located above the

fingertip. A sensor was located on the volar surface of the

distal phalanx to de-ect changes in the amount of light

transmission. Operation was similar to that described for

5, 57
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the facial plethysmograph device.

Thermistor. The thermistor is used to measure

peripheral skin temperature.

Placed directly onto the skin of one finger, the

thermistor was held in place by a Galvanic Skin Response

Sensor.

G Skin ne (GSR Sensor. GSR has been

studied extensively and has been used in previous attempts

at biofeedback control of physiological parameters (9:14).

The GSR is a change in the electrical conductivity of the

skin often associated with tension or anxiety (11:II-10).

Also known as the Fere effect, the GSR is consistently

influenced during motion sickness by perspiration

symptomatology (9:14).
The electrodes used were fastened with fabric strips

wrapped around each finger and secured with velcro. In this

study, the electrodes were placed on the middle fingers of

the left hand.

Electromyogram (EMG). The electromyogram is used to

measure skeletal muscle tension which increases notably with

stress (9:16). The device used was an Autogen 1100

amplifier/sensor with three surface-applied electrodes.

Electronystagmogram (ENG). The electronystagmogram is

used to measure the sudden jumping sideways or up-down

motion of the eyes when the semicircular canals are

stimulated (23:645). This ocular movement is detected by
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measuring the change in potential seen across both eyes.

Each eyeball is polarized from the retina (negative) to the

cornea (positive). Consequently, "electrodes placed lateral

to each eye will measure a rightward glance as a right to

left positive potential proportional to the magnitude of the

rightward angle and a similar potential to a vertical glance

if electrodes are placed above and below the eye" (9:15).

Pneumographs. Pneumographs are used to measure

respiration type (abdominal or thoracic), character and rate

(9:12). As a symptom of motion sickness, respiration can

change in depth and rate in addition to shifting from

diaphragmmatic (abdominal) to thoracic (9:14).

The pneumographs were circumferential belts that employ

strain gauges rather than variable capacitors (9:14). In

order to detect changes, a frequency response of 0.05 to 5

Hz. was used.

Electrogastrogram (EGG). The EGG measures the

electrical activity of the stomach. This electrical

activity is a function of the stomach's contractile state.

For instance, while retching, the distal stomach will

contract and the proximal stomach will relax; the EGG is

capable of detecting these changes in state (9:14).

The EGG is designed to study the stomach based on its

general mixing contractions. The "Basic Electrical Rhythm"

or BER of the stomach varies from about 1/min to 3/min with

measurable surface smooth muscle potentials from 0.5 to 80
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microvolts (9:15).

Two electrodes were used for the EGG; one was placed

over the stomach in the left upper abdominal quadrant while

the other, a reference electrode, was placed several inches

away.

Electrointestinograph (EIG). The EIG detects activity

of the small intestine. Previous research has established

that early motion sickness symptoms, such as nausea, affects

the tone of the duodenum (9:15). The BER of the small

intestine is about 12/min at the duodenum; the BER decreases

distally to the ileum where the frequency is 7-9/min (9:15).
0

The EIG provided a specific indicator of intestinal

versus gastric gastrointestinal activity. The EIG design

format was the same as the EGG. Its frequency response is

0.1 to 0.24 Hz.

Te electrode was placed directly over the

duodenum/jejunum region in the mid-abdominal area, with a

reference electrode at the periphery of the abdomen. The

EIG reference electrode was also the reference electrode for

the EGG.

Dnaita CQJ.Je.Lioll and~ Storag~e Eqimnt

Strip Chart Rec r. Two eight-channel strip chart

recorders were used to collect analog data on graph paper.

Also, one dual-channel strip chart recorder was used to

collect high rate EEG data. The eight-channel recorders
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were Brush 200 models made by Gould Electronic. The dual-

channel recorder was a Brush II manufactured by the Clevite

Corporation.

-, The two eight-channel strip chart recorders were

labeled A and B. In the final configuration, the recorders
collected the following physiological parameters, from left

to right:
4.A

Recoder A

1. Electrocardiogram.

2. Electroencephalogram.

3. Electronystagmogram (Horizontal).

4. Electronystagmogram (Vertical).5. Photoplethysmograph (Facial).

6. Photoplethysmograph (Peripheral).

7. Electroencephalogram.

8. Electromyogram

Recorder 11

1. Temperature.

2. Galvanic Skin Response.

3. Electrointestinograph.

4. Electrogastrogram.

5. Pneumograph (Thoracic respiration).

6. Pneumograph (Abdominal respiration).

7. Ballistocardiogram.

'. MASSCOMP MC500. The operating capabilities of the

MASSCOMP MC500 computer system have been covered in the
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thesis by Fitzpatrick, Rogers, and Williams. The major

hardware addition to the system since the end of that thesis

effort was a 166 Megabyte hard disk.

The computer system never worked properly. The

probable reasons for the unsatisfactory performance and

attempts to correct the flaws will be detailed in Appendix

$ D.

Mg iE Analo g IAV Recrer. To store

physiological data conveniently for replay and analysis,

these tape recorders were used on the last three test

Nsubjects. These recordings allowed analysis by a spectrum

analyzer. Unlike the strip chart recorder and computer

which allowed real-time observation of changes in the test

subject, the recorders were useful only in a playback mode.

Additionally, these recordings were limited in the number of

channels that could be recorded in any one session.

r
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IV. Experimental P

Chatr Overviewi

This chapter describes the steps used to complete an

experimental test session with a human subject. The

preparation of both the equipment and the subject is

outlined.

Equipment set-up consisted of three phases: connection

of all electrical systems, power-up, and

calibration/verification.

Electical Syte Connections

1. Attached electrode leads to proper electrodes on
test subject.

2. After subject was seated in chair, electrode leads
were plugged into the proper connection from Circuit
Board Box (A into A, B into B).

1. Power was applied to both strip chart recorders, and
the dual-channel recorder.

2. Power was applied to the EMG Autogen device on rear
of chair.

3. Power was applied to the Circuit Board Box (NOTE:
Electrodes must be connected to the Box prior to
powering the Circuit Board Box.

ICalibration/Verification
1. All strip chart recorders were run to ensure proper

pen operation.
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2. Adjusted gains on all equipment to get physiological
readings into the desired sensitivity ranges.
Proper sensitivity ranges were determined visually
by observing the strip chart recorder channels and
adjusted by using controls on the circuit boards
mounted in the Circuit Board Box.

3. Calibration tests were performed on the following
channels in the manner described. Results were
noted on the strip chart recordings.

a. Nystagmus - subject was instructed to look up,
down, right, and left.

b. Peripheral pallor - subject was instructed to
raise and lower left hand.

c. GSR - subject would be given an unexpected
startle stimulus (such as a sudden shout by an
experimenter).

d. Facial Pallor - subject could perform a valsalva
procedure where diaphragmatic pressure is
applied against a closed glottis to force an
increase in cephalic pulse pressure and thus
cause flushing.

(" e. EMG - subject was instructed to tense the muscle
mass under the sensor, e.g. shrug the shoulder.

f. Pneumographs - subject would take a deep breath.

3. MASSCOMP was configured as described in the DAADS
User's Guide (Appendix D).

The preparation of a test subject consisted of

administrative and experimental tasks.

Administrative Tasks. The administrative actions

required were as follows (NOTE: Copies of the forms are

contained in Appendix C).

1. Subject signed the Subject Consent Form.

2. The subject was given a verbal and written briefing,

65

0.



.. 7 T.

and any questions were answered. Briefing included
"K -" a demonstration of head motions.

3. Subject completed a Motion Sickness (history)
Questionnaire.

4. Subject completed a Report of Medical History (AF
Form 93).

Experimental Tasks. The pre-test activities were as

follows:

1. A medical examination by a physician (Dr. William
Czelen, M.D., for this study) which included:

a. Sudden stop vestibular test to check for
nystagmus and normal vestibular function. This
test involved spinning the subject at 14 rpm for
approximately one minute, then stopping him
suddenly. The subjects eyes were then observed

*to see if a normal nystagmus response was
present. Experience showed that this step was
most conveniently performed after the subject
was thoroughly prepared for the test run (all
electrodes attached, etc.).

b. Standard blood pressure, pulse, and respiration
were checked.

c. Neurological/motor coordination tests were
performed.

d. Any other tests deemed necessary or desirable by

the attending physician were performed.

2. To physically prepare a subject for a test run:

a. Each subject's skin at electrode placement sites
was thoroughly and vigorously scrubbed down with
alcohol pads. Removal of the outermost layer of
epidermis and oil where electrodes were placed

?,.'. was essential to assure good electrical contact
throughout experimental run.

b. 1l electrodes were attached as shown in Figure
6 and Figure 8.

c. Chest and waist pneumographs were connected as
shown in Figure 6.

d. Subject was assisted into chair.
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e. Subject was restrained with safety belts.

f. Electrode connectors A and B were attached, as
was the Autogen EMG connector.

g. Sphygmomanometer was attached to right arm.

h. Right ear was covered with hood.

i. Final instructions were given on tape recorder
operation.

j. Test subject was blindfolded.

Experimental Session

The experimental protocol for each session was as

follows:

1. Subject and computer preparation as outlined above.

2. Subject Data Sheet was filled out (see Appendix C).

3. Sudden-stop vestibular test, as outlined above,
prior to blindfolding of subject.

4. Subject was blindfolded, and the session tape
fl" recorder was started to record subject's voice

inputs.

5. Sensors were adjusted as necessary to ensure a
complete and accurate experimental session.

6. Chair was spun to an initial rate of 14 revolutions
per minute. Chair speed was under the first
protocol (see Chapter V) used the Planetary Yaw
control knob to give up to 14 revolutions per
minute. To obtain higher rotational speeds, the
control console was reconfigured. The bottom of the
left-side console has a row of six toggle switches.When the outermost switch on both the right and the
left of the six toggles are moved to the "P. Yaw"
position, chair rotation rate is controlled by the
Roll Angle Control Knob on the center panel. This
configuration allowed rotational speeds up to 30
rpm, although 25 rpm was the highest speed ever
used. See Figure 4 to see the actual location of
all the controls discussed.
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7. Subject's vital signs were allowed to stabilize for
approximately 2 minutes (no head motions were
performed during this period).

8. Instruction was given to start tape recorder.

9. Head motions, randomly distributed between left,
right, and forward tilts, were performed at two
second intervals per the voice recording (longer
intervals were used on some subjects as described in
Chapter V).

10. Subject's physiological state was constantly
monitored (blood pressure was checked when the
physician considered it necessary).

11. Subject was asked for inputs on his condition, or
inputs were given voluntarily (as the subject had
been briefed to do). All inputs were noted at the
appropriate position on the strip chart recorders.

12. At the end of six minutes, if the subject had not
requested to stop or did not seem on the verge of
doing so, the rotation rate was increased to 20 rpm.

13. Subject's state was continually monitored, and he
gave verbal inputs voluntarily or upon request.

14. At the end of six additional minutes, if the subject
had not requested to stop or did not seem on the
verge of doing so, the rotation rate was increased
to 25 rpm.

15. Subject continued to be monitored as described as
described above. One experimental end point was
reached at the conclusion of the last six minutes at
25 rpm. The other was a subject request to stop the
spinning.

16. When the chair was spun down, a g~adual deceleration
of about 5 revolutions per minute was used to avoid
any unwanted provocative decelerative stimuli on the
subject.

Session Terminatin

Session termination began upon the stop of chair spin.

The steps involved were as follows:

1. The subject sat quietly until all physiological
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* - indicators returned to near pre-spin baseline
values. The subject's input on how he felt was also
important.

2. All power to the chair console was removed, to avoid
accidental spin up.

3. After stabilization, the blindfold and ear cover

were removed.

4. Insure data was stored on MASSCOMP.

5. The following equipment was then powered down:

a. Strip Chart Recorders.

b. Circuit Board Box.

* \:*c. Autogen EMG device.

d. Session tape recorder.

6. The seat restraints were removed.

7. The chest and waist pneumographs were removed.

8. The sphygmomanometer cuff was removed.

9. The A and B connectors were detached, as was the EMG
Autogen connector.

10. The subject was CAREFLLY assisted off the chair.

11. All electrode leads were detached.

12. All electrodes were then removed from the subject.

" 13. Subject was released upon approval of physician.
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V. Experimental Results

Chapter Overvi

This chapter presents the observations and results

obtained from the experimental data. The first section

outlines general comments about the system and procedures.

The second section presents observations of general trends

in the data. The final section details specific trends for

the physiologic criteria associated with the "big four"

symptoms explained in Chapter II. These specific trends are

based on an initial analysis of the data.

General Comments

The system as a whole worked remarkably well. Some

problems were encountered but they did not prevent

accomplishment of the basic objective: to initiate a sensory

conflict in human subjects by means of cross-coupled angular

acceleration and to measure and record the physiological

changes accompanying the onset of the evoked motion sickness

response.

This section gives some general comments about how that

objective was achieved and the problems that were overcome.

It is divided into three areas: the data recording subsystem

(computer, strip chart recorders, and tape recorder), the

chair and sensor equipment subsystem, and the experimental

procedures and subjects.

Daa RSng S bsystem. Data recording was
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originally going to be done solely by the MC500 computer.

However, early in the program it was determined that the

computer was not operating correctly due to hardware

malfunction, software problems, or both. Appendix D details

these problems. Two 8-channel paper strip chart recorders

"4 were placed in parallel with the computer to provide system

back-up. This also provided realtime hardcopy output of the
.* 9 subject's physiologic reactions. This was particularly

useful in determining the level of distress being

experienced by the subject, as compared to the initial

baseline levels, to assess the level of motion sickness.

Due to the computer problems, these strip charts were the

primary data collection devices for this effort. Some

samples of the raw data obtained from the strip chart

recorders are shown in Appendix B.

The strip chart recorders introduced their own set of

problems, however. The recorders are old, and were not

being used when acquired for this study. Consequently, the

pens had to be refurbished and calibrated and the ink supply

system carefully adjusted. Because of the sensitivity of

the physiological sensor equipment, a serious ground loop

interference problem developed whenever the strip chart

recorders were plugged into a circuit other than that

- powering the MASSCOMP and chair. The outlets on the

workbench provided a particularly noisy power supply. Once

the power problems were identified and corrected, the
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recorders worked well.

The use of a simple cassette tape recorder, placed in

the chair near the subject to record the voices of both the

subject and researchers, was effective. These voice

recordings allowed experimenters to review each test session

and verify test subject commentary and the timing of motion

sickness symptoms.

The software program controlling data acquisition and

storage (DAADS) also apparently had some problems. Program

execution proceeded properly and the graphics display was

correct for displayed data. However, when data collection

was initiated the program ceased functioning after

approximately one to one and one-half minutes. When the

number of displayed channels was decreased from 12

decrementally to 7, the data collection time also increased

incrementally until it was limited only by available file

space; consequently, a potential buffer input/output problem

was indicated. Before a software fix could be developed,

tested and implemented, the hardware problems described in

Appendix D appeared and continued until the time of this

writing. Investigation by MASSCOMP service personnel

disclosed that the operating system software was improperly

installed initially, or was incompatible with this system's

hardware options. The total. effect of all the preceding

problems on the DAADS program execution is difficult to

judge, but it was probably detrimental. The version of the
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DAADS program used for this thesis is listed in Appendix D.

Chair and Sensor S. The rotating chair, also

called the Multi-Axis Tracking Simulator (MATS), was very

effective in evoking a motion sickness response. Twelve

subjects were run on the chair and all but three requested

session termination in less than ten minutes due to severe

motion sickness discomfort. The remaining three subjects

never really developed severe symptoms, apparently because

of individual conscious or unconscious compensatory actions.

Initial results are discussed in detail in subsequent

sections.

The MATS chair as configured by the previous thesis

teams did not have the chair's canopy attached. The canopy

was available and was tried on one run, in an attempt to

control environmental conditions on the test subject. These

conditions included body surface cooling due to air movement

as the chair rotated (which could affect the peripheral

temperature) and light pulses from wall-mounted spot lights

(which could affect readings from the facial

plethysmograph). In practice, the canopy was unsatisfactory

for five reasons. The primary reason was poor ventilation.

Although air vents were present on the canopy, there was no

forced air circulation. Blower fans originally designed for

U the system were no lo- er present or available.

Consequently, the outside weather conditions that

contributed to the computer system failure also led to very

4q
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uncomfortable conditions in the enclosed chair.

Additionally, when the subject began to perspire, humidity

inside the chair increased significantly and exacerbated the

problem. The second canopy-related problem was light

infiltration through cracks and screw holes that caused a

nauseating, visual stroboscopic effect. A better light seal

was constructed, but then the ventilation problem increased.

The third problem was maintaining effective communication

with the subject. A two-headset transmit-receive radio was

used but it allowed only one experimenter to talk with the

subject. Also, the introduction of one more piece of

equipment to an already heavily instrumented subject was

difficult. The fourth problem involved insufficient visual

observation of the subject by experimenters. The canopy

made it very difficult to assess the subject's reactions and

verify proper head motions. Finally, possible behavioral

effects of enclosing a subject in a small space in an

already stressful situation could not be determined.

Consequently, for all subsequent runs, the canopy was

removed.

The physiological sensors built and designed by Dr.

Czelen worked extremely well. When system ground loop noise

had been identified and eliminated, the detected signals

were clear and accurate. Extreme care had to be taken when

preparing the subject. For instance, each electrode

location had to be vigorously scrubbed with an alcohol pad
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o -- to ensure good electrode-to-skin contact, which was

essential for proper sensor operation. Also, electrode

connectors had to be securely fastened and loose wires

attached with tape to prevent noise or loss of contact.

The type of electrode used at a particular location

strongly influenced sensor output. Use of an anatomically

molded finger photoplethysmograph improved comfort and

electrode contact. Similarly, an EEG electrode cap was

superior to individually placed electrodes in both comfort

and effectiveness. Facial electrodes for ENG recording were

originally the NDM Corporation Silvon Stress test
S

electrodes, which were quite effective but very bulky and

- occasionally lost contact when facial, especially forehead,

sweating occurred. The Andover Medical "Huggables"

electrodes were easier to attach and more reliable.

Finally, the pneumographs worked reliably in all

experimental runs.

One sensor which still needs improvement is the

electromyograph. Although it worked well for most of the

runs, it required different electrode attachment pads,

r separate electrode gel, a separate electrical lead, and

another piece of equipment (Autogen 1100). Also, the

electrodes had to be cleaned after each use. These various

actions increased the time necessary for subject preparation

and disconnection.

Experimental Pcu and S The techniques
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used to elicit motion sickness and measure the physiological

changes met with varying degrees of success. Since no

standard experimental procedure was available, one had to be

developed. This protocol evolved with experience, and took

place in three basic phases.

In the first phase, the subject was directed via pre-

recorded instructions to perform random direction head tilts

at two-second intervals for two minutes. A three-minute

rest period followed each period of head tilts, with

resumption of the head motions occurring after the rest

period. This on-off cycle would continue several times, and

the run would end either at the end of the instruction

period (about 15 minutes) or when the subject requested to

stop. This protocol proved unsatisfactory because of a long

period of time to onset of symptoms. A six-minute period of

continuous head motions with a varying rest time was tried,

but again the results were unsatisfactory because of the

long period of time until symptoms were reported or

observed. Experience showed that this protocol was not

extremely provocative.

4In the second phase, the two-second head tilts were

continued but the rest periods were removed. This technique

met with varying results, with two of the subjects lasting

about 20 minutes without severe symptoms, while three lasted

less than 10 minutes. This protocol seemed to clearly

distinguish between motion sickness non-susceptible and
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susceptible subjects, and was useful in that regard, but the

data obtained from the non-susceptibles was lengthy and hard

to interpret. This experimental procedure was the most

*frequently used of three basic protocols, and is the one

described in Chapter IV.

In the third phase, the two-second head tilts were

increased to 10 second motions. In this procedure, the head

was tilted and held over the left shoulder, right shoulder,

or chest for 10 second count, with a return to the upward

neutral position for another 10 second count. This protocol

apparently allowed significant stimulation of the vestibular

system, since any stabilization that would occur during the

10 second hold period would be quickly jarred by the

movement to a different position. Consequently, whereas the

subjects in the two-second tilts lasted an average of 10.8

minutes of head motions before requesting to stop, the three
-j

subjects on the 10-second tilts lasted only 3.2 minutes.

The results of any particular protocol depend on the

nature of the test subjects. Solicitation of volunteers was

satisfactory, although it was a slow process and randomness

could not be assured. Despite the imprecise method of

obtaining test subjects, a relatively diverse pool of

volunteers was obtained which included seven non-rated Air

Force members, two rated Air Force pilots (including one

fighter pilot), and one Dayton, Ohio television news
i* - ',

reporter.
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Observations

In general, the subjects used in this study displayed

"typical" motion sickness symptoms. That is, they showed

the symptoms commonly reported in the literature and

summarized in Table II. Some cautions are in order,

however, when attempting to draw conclusions from this

experimental data.

The first caution is that a small sample size was used.

Although 12 subjects were run, the first two were used only

for testing and troubleshooting the system. Of the

remaining 10, the sample size varied between four and 10

depending on the physiologic sensor of concern. This is

because on some experimental runs, especially the early

ones, some sensors failed to work or worked erratically,

causing the data for that particular parameter to be

useless. However, for the major symptoms of facial pallor,

coldness, sweating, and nausea, the sample sizes were 10, 9,

8, and 10, respectively.

The second caution is that the experimental protocol

evolved throughout this project as explained in the first

section of this chapter. The basic purpose of evoking a

motion sickness response was met in all cases, but, as noted

in Chapter II, if the rotational rates and head motion

frequencies were changed, the type, severity, and rate of

onset of symptoms could change. This means that comparing
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N . symptomatology across the spectrum of protocols is difficult

and potentially misleading. General trends can be

identified but definitive conclusions must wait for larger

sample sizes and a consistent standardized protocol.

The third caution is in reference to the experimental

conditions. The environmental conditions in building 470

were mentioned earlier in regards to the computer system.

The wide variation in environmental conditions had an

unknown and unpredictable effect on the human subjects.

This was a particular concern when measuring physiological

symptoms of peripheral temperature, peripheral blood pulse

volume, pallor, and galvanic skin response. Better

environmental control would have improved the veracity of

motion sickness symptoms due to the nauseogenic stimulus.

Another point about experimental conditions is that the

subjects could not be carefully controlled. Because AFIT

students were solicited as unpaid volunteer subjects,

strenuous controls could not be imposed. Thus, factors such

as time since last meal, contents of that meal, level of

fatigue, mental stress, recent alcohol consumption, and use

of prescription or non-prescription drugs could be evaluated

but not controlled. Again, the effect of these factors on

motion sickness symptomatology is unknown.

With these warnings in mind, general observations were

made. When the subjects were first spun up to protocol

speed, brief responses were seen in the subjects. These
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,-,were often seen as the following:

1. Brief (5 - 10 second) onset of nystagmus, generally
in the horizontal direction.

2. Sudden contraction in the intestines and/or
stomach.

3. A deep inspiration.

Following the initial reaction, a short period of relative

calm ensued until head motions began. With the second

protocol (two second continuous head motions), two types of

individuals could be identified. These types essentially

correlated to the susceptible and non-susceptible groups

* recognized by earlier investigators.

The susceptible type generally demonstrated a short

(one to two minute) latency period after head motion

initiation before symptoms (changes in the character or

appearance of the subject such as sweating or pallor) and

physiologic changes (variations in the electrical signals

observed) were observed. The susceptible individuals

generally reported symptoms at or shortly after the

physiologic changes began showing on the strip chart

recorders. These symptoms would steadily increase to some

level and would often appear to "avalanche." That is, the

subject would report feeling "OK" one moment but in 30 to 60

seconds nauseous feelings would surge to an unbearable

level. Symptoms would then usually persist for several

minutes after cessation of head and chair motion, and in

some cases would worsen before subsiding. Similar findings
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. .have been reported by other investigators (2; 19; 46).

Stomach awareness ("churning") and sweating

("clammyness") were two of the most commonly reported early

symptoms and were evidenced by sudden amplitude increases in

the EIG and EEG recordings. The GSR recordings (indicating

-. perspiration) usually did not show a definitive change

" correlating to the symptomatology. They generally showed,

however, a steady increase in skin conductivity which

indicated increased sweating. Other overt symptoms included

dizziness, flatulence, tingling in the extremities,

belching, and a general feeling of malaise. These symptoms

* were also difficult to correlate to the electrical signals,

although the gas symptoms generally occurred at the time of

- maximum gastric and intestinal activity. Observations by

the investigators included facial (especially forehead)

sweating, increased pallor, and occasional apparent mental

confusion manifested by an inability to follow the simple

head motion commands on the instruction tape recorder.

The non-susceptible group of individuals were

characterized foremost by the length of time necessary for

symptoms to develop and become severe enough for session

4. termination. Two subjects (subjects 5 and 9) had session

elapsed times of 17 and 21 minutes, compared to the average

for the other 8 subjects of 6.8 minutes. Further, the non-

susceptible subjects showed a pattern of symptom appearance,

followed by symptom abatement, and then reappearance. This
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pattern would repeat for several cycles with gradually

increasing symptom severity. Bock cited a study done by

Reason and Graybiel in which a similar pattern of

oscillatory discomfort punctuated with periods of transitory

improvements was observed (2:776). Background data on these

subjects and post-run debriefing revealed possible reasons

4 for the low susceptibilities to motion sickness. In one

case (subject 5), the subject had undergone informal

training in meditation and relaxation techniques. This

subject reported using these techniques in an apparently

successful attempt to control the onset of motion sickness.

In the other case, the subject was an Air Force fighter

pilot with hundreds of hours of experience. He claimed not

to have consciously attempted control of the sickness, but

it is possible that he had pre-established automatic control

mechanisms that intervened and compensated for the increased

stimulus. In other words, this subject probably

subconsciously used adaptive mechanisms to control motion

sickness.

Overall, motion sickness responses were evoked in all

the test subjects although there appeared to be a clear

distinction between susceptible and non-susceptible

individuals. The next section will look at specific trends

in the symptomatic areas of pallor, sweating, temperature,

and nausea (EIG and EGG). It will also briefly address some

initial results based on a cursory analysis of the magnetic
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tape recordings.

Da Anlysis

A very large amount of data was collected in this

project. The 12 subjects represented a total experimental

run time of 303 minutes. At an average sampling rate of 10

Hz. on 15 separate channels, this amounts to approximately

2.73 x 106 bits of data. Originally, this data was to have

been collected on computer disks. This would have allowed

smoothing and sampling algorithms to be run. The data could

then have been statistically analyzed for inter- or intra-

relationships. However, when the MASSCOMP system failed

another approach had to be developed. The first method was

to collect data on paper strip charts as explained earlier.

This allowed real-time observation of the data signals, but

the records obtained were not conducive to in-depth

analysis. Data collection on analog (FM) magnetic tape was

the second method employed. This method did not allow real-

time observation of the data, except for one or two channels

on an oscilloscope. It did, however, allow for replay and

0 automated analysis on a spectrum analyzer. Unfortunately, a

supply of magnetic tapes was not immediately available, and

thesis time constraints required data collection to proceed.

By the time magnetic tapes could be procured, only the last

few subjects remained to be tested. Consequently, the bulk

of the data analysis had to be done by manual measurement of
V
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the electrical signal tracings on the paper strip charts. A

cursory analysis was done on the few magnetic tape

recordings with the understanding that the data was not

statistically significant due to the small sample size.

This section describes the results of the manual strip chart

analysis and related findings from the initial analysis of

the FM tape recordings.

As explained previously, the amount of data collected

was very large. Because of that fact, and the complexity of

some of the signals, all the recorded channels were not

analyzed. It was also recognized that some channels were

more important or more informative than others.

Consequently, the recordings of EKG, peripheral

photoplethysmograph, EMG, and ballistocardiogram were not

analyzed. This is not to say that these parameters are

unimportant; it is just that their importance has yet to be

firmly established. The recordings of basic EEG, ENG, and

pneumographs were not analyzed by strip chart analysis but a

limited number were studie' by spectrum analysis. The

spectrum analysis, performed by Dr. Czelen, is presented in

Appendix A.

The channels that were selected for manual analysis

included pallor (facial plethysmograph), temperature, GSR,

- EIG, and EGG. Spectral analysis was also performed on EIG

and EGG for subject 12 and is presented in Appendix A.

These five parameters were chosen because they most closely
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measured the onset of the "big four" motion sickness

symptoms of pallor, cold sweating, nausea, and vomiting. In

this study, vomiting was not used as an experimental end

point, and was not observed. However, reports from a number

of researchers, notably Crampton and Graybiel, have noted

*. that vomiting is almost always preceded by nausea. Thus,

measuring the physiologic indicators of nausea is tantamount

to measuring the precursors of vomiting.

The technique used for manual analysis was the

V4 following. Because the length of time necessary for

symptoms to develop and progress varied from subject to

subject, a common yardstick was required for measurement.

The one chosen was the provocative period of head motions,

from the beginning (when taped instructions started) to a

common end point (when each subject requested to stop).

This period was then divided into six equal increments so

that a midpoint and several intermediate points would be

represented. Additionally, one increment before and two

increments after the provocative period were plotted to show

pre-sickness and post-sickness responses. Including the

zero (beginning) point, this method generated 10 equally

spaced data points along a common axis for all subjects.

For pallor, temperature, and GSR, the specific value,

S" normalized to a common scale, was used. EGG and EIG, on the

other hand, required frequency measurements and demanded

representative values measured over some time interval. The
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interval chosen was the 30 second time span immediately

preceding each data point. Frequency in cycles per minute

(cpm) was measured as double the number of wave peaks in the

30 second interval. With a common BER of 3 cpm, shorter

interval was not practical and with provocative periods

often as short as two to three minutes, a longer interval

could not be used.

To cope with the physiologic parameters that had no

established reference point such as pallor, the subject had

to act as his own control. This was accomplished by

selecting the smoothest section of the graph immediately

prior head motion and assuming that it represented that

subject's stabilized baseline value for that parameter.

Subsequent deviations above or below that value were then

represented graphically as percentages of the baseline.

Prior to calculating the percentages, the values for all the

subjects were normalized to a common scale, in this case 0

to 50 was the scale used.

The techniques described above were very effective in

reducing the amount of data to a manageable size, and in

S- developing common ordinate and abscissa scales for all the

subjects. These techniques were applied to the five

physiological parameters described above. Each of these

0" five is examined below.

Pallor. As explained in Chapter III, pallor is a

commonly reported symptom of motion sickness and is believed
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by some researchers (7:507) to be the only reliable

predictive agent. This study essentially confirmed that

pallor increases in the majority of subjects and generally

precedes the onset of severe motion sickness. These data

are presented in Figure 9. The data indicate that three

patterns of symptom progression may be discerned although

there is one com-on feature. The common feature is that

there is usually a slight increase in pallor just prior to

the beginning of head motions, followed by a brief decrease

(flushing) upon initiation of head motions. The initial

iincrease was possibly due to the beginning of chair

rotation. The first pattern (shown by the lower curve in

Figure 9) is that some subjects continue to flush after

beginning head motions until approximately the fourth

interval. These subjects then get paler as motion sickness

progresses until they are at or slightly above their

original level of pallor shortly after cessation of head

motion. This group represented 30% of the total.

The second identifiable pattern is shown by the middle

curve in Figure 9. The subjects in this group showed a

relatively steady increase in pallor after the initial

flushing. They continued to increase even after stopping

head motions until at the eighth interval they were

approximately 16% paler than at the beginning. This group

was the bulk of the subjects, representing 50%.

" The third group demonstrated a relatively large
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%..) increase in facial pallor. The two individuals in this

group showed approximately 30% to 40% increases in pallor

over their baseline values. One of the two had the

characteristic initial flushing while the other steadily

increased in pallor.

These data indicate that increasing pallor appears to

be a reliable precursor of motion sickness in the majority

of subjects. However, the reader is cautioned that many

other stimuli besides cross-coupled angular acceleration,

and subsequent motion sickness, can cause pallor. This same

statement may be made for each of the physiologic

indicators. Thus any one, or even several, cannot be taken

as unequivocal predictors of motion sickness.

Tmeau. For temperature, 8 data records were

obtained. The measurements were taken exclusively during

the provocative period for simplicity. The baseline value

is the data point at the start of head motions (0 on the

time scale). As mentioned earlier, temperature readings

were normalized to a arbitrary standard scale so that the

baseline value for each subject was equal. All data points

were scaled along with the baseline value. Each data point

obtained was then compared with the subject's baseline, and

A a percentage representing the data point's relationship to

the baseline was calculated. EXAMPLE CALCULATION: A sample

A raw baseline point equals 22 divisions on the strip chart.

A sample raw data point equals 23 divisions. Using a
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normalized baseline value of 50, 28 would be added to both

22 and 23, leaving values of 50 (baseline) and 51 (data

point) respectively. Dividing the data point into the

baseline, a percentage of 102% was obtained, and this value

was used for graphing purposes.

Most subjects changed with time in an essentially

linear fashion. Two subjects, however, were somewhat more

cyclical than linear. Although the sample size was

extremely limited, four possible trends were noted with two

subjects representative of each trend, as shown in Figure

10. The representatives of each trend are distinguished by

a separate symbol on the graph (circles, triangles, squares,

and crosses)

The most prominent trend is graphically represented by

the circles. These subjects, 5 and 9, dropped sharply and

steadily from the moment head motions started.

Interestingly, these subjects were also the ones noted as

apparently non-susceptible to motion sickness.

On the other end of the scale, represented by

triangles, two subjects (6 and 11) rose quite steadily from

time 0. They did not rise as sharply as subjects 5 and 9

dropped, but the trend is still pronounced. Both subjects

terminated at the 108% level over baseline.

The squares, subjects 7 and 12, dropped in temperature.

The drop was not as steep, however, as that experienced by

subjects 5 and 9. Also, both subjects in this temperature
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drop may be considered susceptibles from the results of this

study, unlike subjects 5 and 9.

Subjects 8 and 10, represented by crosses, are less

linear than the other subjects - they tended to cycle around

the baseline level. Subject 8 first fell in temperature,

then rose above baseline and remained level for a time, only

to fall sharply to a point below baseline upon nearing the

end point. Subject 10, on the other hand, dropped slowly

then rose steadily to a point above baseline when nearing

the end point.

.* Again, these trends were based on a very small sample

size and a very elementary analysis. Only further in-depth

study will reveal if there is any significance to these

results.

CM. Galvanic skin response was explained in Chapter

III as the change in skin conductivity to a low level AC

electrical signal. Figure 11 shows that the majority of

test subjects did show a significant change in conductivity.

The upward direction on the graph represents increased

conductivity as a percentage of the baseline level.

Increasing conductivity is closely associated with body

perspiration. Thus Figure 11 indicates that most of the

subjects had increased sweating as motion sickness advanced.

This objective conclusion was supported by observation and

subject reports during the experimental runs. Most of the
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subjects reported symptoms of clammyness or sweatiness

during the runs. Again the largest deviations from the

curve corresponded to the two relatively non-susceptible

subjects. Both of these subjects had conductivity values

that were at or below the baseline until the midpoint of the

provocative period. At that point, Subject 5's GSR

(triangles) began to rise quite sharply. He reached a

maximum point at approximately 20% above the baseline value

and then showed a rapid fall in GSR. Subject 9 (squares)

showed a similar sharp increase from the fifth to sixth time

intervals followed by a decrease in the eighth interval. If

the graph was carried out one more interval, it would show

that this subject's GSR dropped to the 92% level. These two

individuals appeared to demonstrate a compensatory reaction

to the motion sickness stimulus. Whenever the symptoms

exceeded certain limits, possible adaptive mechanisms

reacted to bring the symptoms under control. The responses

appeared to overshoot the baseline value however, resulting

in larger excursions of GSR values for the subjects.

IG. The electrointestinogram measured the level of

activity of the small intestine. This physiological

parameter, and stomach motility or tonus described in the

next section, are the best indicators of the onset of nausea

and vomiting. As explained in Chapter II, most researchers

have noted a close correlation between the onset of motion

sickness and gastrointestinal changes, an observation
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confirmed in this study. Figure 12 presents amplitude data

for the EIG. Frequency data are presented in Figure 13.

SAmplitLdes. Amplitudes of the EIG signals showed

a large increase for the majority of subjects as motion

sickness symptoms developed. These amplitude increases

ranged upwards of nearly fourteen-fold, with the maximum

average increase approximately 400%. The graph also shows

that the maximum average increase occurred at time interval

four. This is the point at which most subjects began to

experience motion sickness symptoms, particularly stomach

awareness. But as the symptoms worsened, the intestinal

activity apparently decreased until head motion termination

at time interval six. The increase in activity after

interval six may be the result of chair deceleration, but

Ir this can only be determined by further research.

Feuec. The frequency data shown in Figure 13

was not as conclusive as the amplitude data. The basic

electrical rhythm (BER) of the small intestine in the area
of the duodenum is usually 11 to 12 cycles per minute

(23:796). This frequency was observed for the majority of

subjects for the duration of the experimental runs. A very

slight frequency increase might be noted in the fifth and

sixth time interval, but this could have been due to motion

artifacts. A serious concern of the current study is in

relation to experimental control comments made earlier. The

volunteer subjects could not be stringently controlled for

4
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all variables. A major factor for gastrointestinal activity

is the amount of food in the alimentary tract. Previous

researchers have noted that introduction of food into the

tract increases the amplitude and frequency of contractions

(1:914). Most of the experimental runs for the current

study were performed shortly after normal lunch hours but a

number of subjects reported not having eaten since the

morning, and in one case since the previous evening. These

factors may have influenced the results.

The Fast Fourier Transform (FFT) spectral analysis

performed by Dr. Czelen and presented in Appendix A

supported these findings. Figure 16 indicates increased EIG

amplitude with little or no increase in frequency.

EG. As with the EIG, two separate aspects of the EGG

results were briefly analyzed: the amplitude and frequency.

Amplitude information shown in Figure 14 provided some

interesting results; frequency data, as displayed in Figure

15, showed no discernible trend and may have been affected

by factors previously discussed under EIG frequency

concerns.

Amplid. Seven test subjects provided usable

data regarding any amplitude changes during the course of

the provocative period. The baseline amplitude shift on all

subjects, calculated from a quiet period of each subject on

the strip chart, was one chart division (1mm). Any changes

in the peak-to-valley distance above or below this one

98
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division level were noted. The period where these amplitude

shifts were observed was the 30 second period immediately

preceding each one-sixth time division. For completeness,

additional readings were taken one-sixth interval before

time 0 and two one-sixth intervals after the end point.

Three major but crude trends could be noted. One trend

involves the non-susceptible subjects (5 and 9), while the

remaining trends involve the susceptibles (6, 8, 10, 11,

12). The two non-susceptibles (squares) were generally

characterized by significant amplitude increases before the

third time interval (as opposed to after the third time

interval for non-susceptibles), with a gradual return to

baseline at the time the end point was reached. Subject 9

showed a rapid rise in amplitude at time interval seven;

however, this subject agreed to be stopped suddenly from 25

rpm so his reactions could be observed, and the possible

result was this amplitude shift. Other volunteers were

decelerated gradually. A probable explanation as to why the

amplitude shift occurred earlier for non-susceptibles

relative to the susceptibles is related to the variable time

scales. The one-sixth time intervals are dependent on how

long the subject withstood the provocative stimulus - the

longer the ride the wider the intervals are spaced. In

fact, the average time of onset of physiological indicators

occurred about the same number of minutes after the

provocative stimulus began for both the non-susceptibles and

V1-
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susceptibles, but since the non-susceptibles rode longer the

onset of symptoms appeared early relative to the end point.

Still, the non-susceptibles appeared able to consciously or

unconsciously ameliorate the amplitude shifts.

The susceptibles, unlike the non-susceptibles,

generally appeared unable to control the amplitude shifts

(if the shifts occurred at all). Two trends may be

discriminated. One, shown by circles, involved two subjects

(8 and 12) that showed very little amplitude shift

throughout an entire run. Subject 12 did have a large

increase immediately following the end of head motions for

unknown reasons; Subject 8 showed little change for the

duration. The second group, displayed by triangles,

involved subjects 6, 10, and 11 who each showed widely

fluctuating amplitude shifts (greater than 1000%) during the

provocative period. Subject 11 calmed immediately after

stopping head motions, while Subjects 6 and 10 continued

fluctuations for some period of time after head motion stop.

Subject 10, whose amplitude peak was actually the highest

after the stop of head motions, was requested after having

been stopped from spinning, to resume spinning and do one or

two more 10 second motions. This subject was able to do

only one motion before severe nausea appeared, and was the

only test subject of the 12 to come near vomiting.

The three major groups are only an initial

interpretation of the data collected. Further studies and
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analysis are required to confirm or deny the validity of the

results discussed.

£guency. As for EIG, the results obtained were

inconclusive. Frequency was measured peak-to-peak, and the

commonly reported BER of 3 cycles per minute (49:1074) was

not consistently observed. Fluctuation of frequency was

seen in all subjects; however, no common trends or repeating

patterns could be discerned. A shift in frequency similar

to the type discussed by Stern and others (49,1075) was seen

N in subject 12 in both the manual analysis and after FFT
p.

spectral analysis. Further data reduction of this type may

prove worthwhile.

As stated frequently throughout this chapter, the

results obtained were based on very cursory analysis. Some

trends were clearly evident in the data, as described, but

much more research will be needed to confirm these findings

and provide a solid statistical base. The next chapter will

summarize these trends and present recommendations for

follow-on research.

10
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VI. Conclusio= and Recommendations

This chapter finishes the thesis by presenting the

conclusions derived from the study. It also outlines

recommendations for system improvements and better

techniques for follow-on studies and analysis.

Conclusions

The conclusions obtained from this project fell into

three main areas: system effectiveness, data collection and

analysis, and applications to further research. Each of

these areas is discussed below, with emphasis on the second.

System Effectiveness. As detailed in the previous

chapter, the system worked. That is, it was effective in

eliciting a motion sickness response in all the subjects

tested. The electrical transducers designed and built by

Dr. Czelen were effective and accurate in measuring

physiologic changes. The strain-gauge pneumograph sensors

were a large improvement over the previous variable

capacitance-type sensors. With the exception of the MC500

* computer, the recording subsystem was effective in recording
.5

each subject's responses to the motion stimulus. However,
5%

for future in-depth analysis, particularly statistical work-

up, the computer system is essential.

&Data Coltion and A. This system allowed

qualitative and quantitative data collection on subjects in
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* hthe "trans-sickness" phase of motion sickness. This enabled

comparisons to be made with the onset of symptoms. These

comparisons resulted in the following statement: specific

criteria were identified as possible predictors of motion

sickness. These criteria included the following and apply

in general to the susceptible type individuals:

1. A moderate or rapid increase in facial pallor,
usually after a slight flushing, to a level of 8%
to 20% over the baseline value.

2. Generally, a steady increase in GSR to a level of
12% to 16% over baseline.

3. A significant increase in intestinal activity,

usually seen as a 600% to 700% increase in EIG
* amplitude.

4. A large increase in intestinal activity, seen as a

several-fold jump in EGG amplitude.

fFinally, two distinct types of individuals were

identified in terms of motion sickness susceptibility. The

procedures used in this study, especially the second

protocol, were useful in identifying susceptible versus non-

susceptible subjects to the motion sickness stimulus.

Applications to Further Rea . The conclusions form

this study are preliminary, but they lay the groundwork for

more detailed research with established procedures and

proven equipment. The 12 subjects used in this project

showed some definite trends in physiologic changes but a

larger sample size is needed to support or refute those
'4

trends.
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. Recommendations

This section presents suggestions for future

researchers using the computerized Biophysical Data

Acquisition System. It is divided into sections covering

the equipment, procedures and subjects, and the data

analysis.

quipment. Three main equipment systems are covered in

this section: MC500 computer, the MATS chair and its control

console, and the physiologic sensing equipment.

MASSCOMP MC500 Copte. The MC500 system had

many problems, as outlined earlier and in Appendix D. The

most important recommendation - to get the system working -

* :~*has recently been done. However, the computer is now

working in a relatively benign environment in building 640.

If it is moved back to building 470, environmental problems

will again impact its performance. Thus, for a reliably
operational system, the entire BDAS system must be moved to

appropriate quarters in building 640.

The computer software still requires debugging.

Particular emphasis should be placed on the use of

input/output buffers in the Cllctdata [sic] module, and

-. specifically in the Collectdata module. It must be realized

that the Programmable Digital Collection Equipment (PDCE)

and Subsystems Interface Circuit Module (SICM) described in

the Fitzpatrick, Rogers and Williams thesis (12) are no

- longer part of the BDAS. Thus, only the parallel (analog)
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mode of data collection is functional.

Further improvements to the software should include a

capability for user-controlled choice of storage medium

(i.e., 166 Megabyte hard disk, 27 Megabyte hard disk, floppy

disk, or magnetic tape). The storage device is now

controlled by the program software. Another improvement

would be to allow realtime insertion of event markers into

the data, to facilitate later analysis. Ideally, these

markers would incorporate some means of code to identify

their meanings.

MATS Chair. The chair needs three basic

improvements. The first is to remove the equipment rack
from the back of the chair. The equipment rack unbalances

the chair and causes excessive wear on the main bearings

which creates a potentially dangerous situation for the

human subjects and equipment, should the main bearings

seize.

The second improvement is to enable the pitch and roll

function of the chair. This would allow cross-coupled

angular accelerations without the need for head motions.

Head motions cause noise artifacts to enter the data,

occasionally cause electrode dislodgement, and distract the

subject from recognizing or reporting motion sickness

symptoms. Removal of the equipment rack would facilitate

enabling the pitch maneuver.

The third recommendation is to re-incorporate a

1
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microcomputer control system into the command console to

allow precise, reproducible chair motions. The left panel

of the control console had a microcomputer attached when the

system was used by Aerospace Medical Research Laboratory.

Another recommendation involves improving the

historical recording of each run. A videotape of each test

run would assist in assessing a test subject's overt

responses and allow accurate correlation of physiological

data records with subjective responses.

slogj& Sensors. Although all the sensors

worked very well, some suggestions are offered for

improvement. First, the EMG sensor should be redesigned to

use an integrated circuit board rather than the Autogen 1100

and disposable electrodes. Consequently, the equipment rack

could be removed with the advantages discussed above.

Second, an input device is needed so that the subject

could make a subjective evaluation of his self-assessed

level of motion sickness and input it into the data stream

on a separate channel. This would provide additional data

for future biofeedback applications.

Third, the method of sensor calibration and adjustment

should be changed. With the circuit cards current

placement, the chair must be stopped for adjustment and

calibration. An unplanned stop of the chair introduces an

undesirable additional variable into the motion sickness

stimulus. If sensor adjustments could be automated,
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accurately preset, remotely controlled, or otherwise moved

off the chair this variable would be removed.

Sand S t. The major recommendation of

this section is that more stringent control of the

experimental conditions must be employed. These conditions

include:

1. Air temperature.

2. Humidity.

3. Time since last meal.

4. Alcohol consumption.

5. Prescription or non-prescription drug use.

Only by controlling, or at least evaluating, these

conditions can reliable comparisons be made between

subjects.

The experimental procedures must also be more

consistent so accurate data analysis may be performed. The

sudden stop vestibular test performed on all subjects must

be done at least 15 minutes in advance of the experimental

run to allow any effects of the vestibular disturbance to

dissipate before the experimental measurements begin. After

* initial spin-up, a suitable stabilization period of at least

15 minutes is necessary to establish baseline values for

physiological parameters. During the run, a precise

protocol must be followed to allow valid comparisons between

subjects. Following the nausea end point, physiologic

parameters must be allowed to return as close as possible to

109
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baseline values to measure symptom abatement.

Data Analsi. Computer analysis programs must be

• .developed or purchased for the BDAS. Due to the large

volume of data, computer analysis is the only feasible

method of getting accurate statistical results and time

series and/or cross correlation analysis.

The equipment and procedures presented in this thesis

form the basis of a well integrated experimental system with

a proven capacity to produce valuable results. This tool

must be used to the maximum extent possible to expand

0 knowledge of the etiology, prevention, and treatment of

motion sickness.
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This appendix presents c~xarts anu graphs ootairieua from

analysis of tihe raw data. The spectral analysis cjrapns were

C, re-Grawn from graphs obtained from Dr. Czeien. The procedure

usedi Oy Dr. Czeien was the following. Subject test 6ata for:

theparicuarchannel of interest, collected on Ff.' riagnetIc

tape, was piayecA oack through a Brush !I duai-cilannei strip

chart recorder. The pre- trans- and post-miotion sickness

perious were correlated to segmienis on the tape by means of

Ztae tape counter. The t"ame was- th1-en rewound and; thne segmnt

o.- interest was played into an FFT Spectrum Analyzer. The

opectra' analysis was stored in tne instruicent's memory and

"nen output to a graphics plotter. Pre- and trans-sickn.ess

seyg-.ent ; were plotted on the Liaie grapil for each1 uata chlannel

(ysiologic parameter) .For ti-ese grapiis, "Lie booken line

reL.resenr rlie pre-s iciiness segient i-n ai cac~e!s wIMIe t±le

joliu iine 1*6 tiue tranEs-si cknesz; periLou.
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Ag~pendix ;

Tinis a.-penui;: contains samplez; of: raw clata. These uac-a

*were obtained fron one subject durinG an e"'er i.ental ruzn.

- Figuaes 23, 24, and 25 show examnples ot cannels 1 to 15 ~

t.;ie pre-sicl~ness poase. Figures 26, 27, and 28 show

exazmpies of: cnanneis 1 to 15 in the -t"rans-sickness.
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Figure 23. Pre-Sickness
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This appenoix contains copies of tne -ofioiwing forms and

questionnaires used in this study:

Volunteer Briefing Form

Subject Consent Form

,A iledicai History Questionnaire

Motion Sickness Questionnaire

Subject Data Sheet

Record of Computer Collected Data
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"S. YVOLUNTEER BRIEFING

-4:

You are about to participate in a motion sickness

study. But relax. Our purpose is not to make you sick. We

anticipate you will feel only the moderate discomfort

previous volunteers have.

You will be in constant communication with us. Just

follow our directions and everything will run smoothly. The

only action you will need to perform is turning the cassette

-' tape recorder on and off when instructed, and to execute the

head movements as demonstrated. Otherwise, please keep

yourself (especially your hands) as motionless as possible

because of the physiological sensors you will be attached

to. Also expect that periodically we will operate, without

prior warning, the blood pressure cuff.

We will occasionally ask you how you feel. A short

description of your overall physical condition ("I feel

tired") and/or specific body sensations ("I feel a tingling

in my feet") will be fine. We also highly encourage you to

report &t any Jime how you feel, or report any specific

sensation(s) you may be aware of.

Since you may feel some uncomfortable symptoms, you may

be tempted to fight the sensations. PLEASE DO NOT RESIST ANY

SYMPTOMS. Doing so may influence the accuracy of our data.

Just relax and let whatever happens happen.

The experimental run will end after a certain number of

rotations or through our communications with you.
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PHYSEOLOGIC CHARACTERIZATION S CKNIESS

SUBECTCONSENT FORM

If you decide to be a test subject in this test program,
then during the time you are used as a test subject you must
inform the principal investigator or medical monitor of any
change in your medical status. This information will
include any medications you have taken and any medical or
dental care/treatment you have received. We do not expect
you to receive any personal benefit from these exposures.
Any information that is obtained in connection with this
study and that can be identified with you will remain
confidential and will be disclosed only with your
permission. If you give us your permission by signing this
document, we plan to disclose the data through official Air
Force channels only. In any event, your name will NEVER be
identified with the disclosed information without your

-. permission. You are making a decision whether or not to
participate. Your signature indicates that you have decided
to participate having read the information provided. This
form is not valid for female subjects unless the Addendum
for Female Consent is attached for review.

I, having full capacity to
consent, do hereby volunteer to participate in the research
study named above. The implications of my voluntary
participation; the nature, duration and purpose; the methods
and means by which it is to be conducted; and the
inconveniences and hazards which may reasonably be expected
have been explained to me by ................. _ ,
and set forth on the following page(s) of this Agreement,
which I have initialed. I have been given an opportunity to
ask questions concerning this research project, and any such
questions have been answered to my full and complete
satisfaction. I understand that I may at any time during
the course of this project revoke my consent and withdraw
from the project without pr'judice; however, I may be
required to undergo certain further examinations, if in the

* opinion of the attending physician such examinations are
necessary for my health or well being. I understand that I
may revoke my consent of my participation for any reason.
have been given a complete copy of this agreement to keep.

Signature Date
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I was present during the explanation referred to above, as
well as the volunteer's opportunity for questions, and
hereby witness the signature.

Signature Date

I have briefed the volunteer and answered questions
concerning the research project.

Signature Date
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STANDARD FORM 93 APOE
REV. OCTOBER 1974 

APOE

GSA FPIIR 1 0 -u.s OFFICE OF MANAGEMENT ANO BUDGET No, 29- R0191

REPORT OF MEDICAL HISTORY
(THIS INFONUATION IS FOR OffLCW ANlS MEUICM.LYCONMIDTIAL USE ONLY AMD W1U. NOT BE RB1LASEI) TO UNAUITHOIZED PERSONS)

1. LAST NAME-FIRST NAME-MIDDLE NAME 2. SOCIAL SECURITY OR IDENTIFICATION NO.

3. HOME ADDRESS (No. street or MO0. city ar hiwn State. end ZIP CODE) 4. POSITION (title. gradet. comoonent)

S. PURPOSE Of EXAMIN4ATION4 6. DATE OF EXAMINATION 7. EXAMINING FACILITY OR EXAMINER. AND ADDRESS
(include ZIP Code)

S. STATEMENT OF EXAMINEE'S PRESENT HEALTH AND MEDICATIONS CURRENTLY USED (Follow by description ol Pest history, if complaunt exists)

9. HAVE YOU EVERt (PIoaee checkr ehiens) 10. 00 YOU lea..ss check elach item)
YES NO (Check each in) YES NO (Check each item)

Lived wfth enyone whoe had tuberculosis Weer glossims or onta tepsee
Coughed up blood HMe" sitr In both elses

IWed macessively after injury or toeet lfcton We., ahearing aid

Attenpted suicide Stutter ow stemnmer habitually
Seen a sistweler Weara brace or beckt supoort

11. NAVE YOU EVER HAD DRt HAVE YOU NOW (Plea.. chfc a R left se ltsrn)-
DOWT DON-T 0N1T

YES NO 1KNOW1 (Check oeh Itern) Ye NoI KNOW1 (Chaem each A m YES NO 0N. (hc ec en

Scat ler. erysieltm Cmps in you, leg "Trick" or locked knee
mieurnotic feve Frequent indigsions Feet trclubie

I j Swollen or painful joints Slesech. hear. .o .olwhseil Irne. Neuritis
Freuent or severe hache tell madder liwbi or mel.1so Paralysis (include infantile)

Dlzalneele or feainn spedit Jasundice of hepatitis Epileosy or fils
Eye trouble Atoereae reaction to sevrm, drug. Car, train. see or air sickness

Bar. nomal. or thram trular oedicine Freauent trouble sleeping

I Hearrsg lost, Broken bone Deporesslon or excessive worry

Chronic or frequent mold. Tumrer growth. cyst. cancer - - Loss of menory or rnne.im
Sever, teeth or gum trouble Rutr/enaNervos trouble of any sort
irnutiw pilt" or rectal Ilsoose Penods of unconsciousness

Hey Fever L Frequent or poinful urination

Heed Inlury Bed wetting since asse 12 - - ____________

Skin diseaes I K(idney stane, or blood in urine

Thyroid trouble L Sugar or albumin In urnne - - ____________

Tuberculosle O VDsyphiis, gonlrrr~e etM

- Asthma I Recent gain1 or lots of wreight
o Shortness of breath Aratbnls. Ithasweb. a San'tu

Pain or orwonunw in chae Blame. 9int or other def,,rity

Chronic cough Lltrneneas-

Paloitstidn or pounding heert Lots Of finger or tee 12. FEMALES ONLY: HAVE YOU EVER
Heart trouble Ps.olsI w 'to 1ho0d00 so11v Inb Iwsm teeled l.a Istm dnse.

Hifgh or I" blood pressure Recurrent bacir pain Hade. obg.e .n nrwootroa 0.0w

1 3. WHAT IS YOUR USUAL OCCUPATION? 14. ARE YOU (Check on.)

D RIght handed Left handed

93-1 02-0,'
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YES NO CHECK EACH ITEM YES OR NO. EVERY ITEM CHECKED YES MUST BE FULLY EXPLAINED IN BLANK SPACE ON RIGHT

15. Have you been refused mployment al
boen unable hold cib h eay in
sihoo because e.
A . Sensitvity to chemical dust sun.

lict( etc.

dta. Inai to perfrm certain motion.

8C. Inayoty to orume cortan pitions

D, Other medartin (If yes, ibe

16. Nave you ever been treated for a mntl
ofonditins rif yes, peciy when. where.
ehy ian dnailfd.

17. HNs you ever hadn denied life injuron" it yes Sid" • eas ol{n and a,,*

w e Ie you had, or hle" O you bo advised

tO hawe any operation? notd (If ydscrib.

19. N e you ever bden . patient in any ty
Othitif (It Yell. specify when. whr.

why. nd name of doctor nd complete
"411.66 of hositaIl.)

20. Hve ou ir had ety illness or injrOther than thoe already noe ? (If y.
cinicy when. where, and ive dails.)

22. Nen you evonlted or been trrec ed by
lnice, physeofun hysiel, meta other',;. .rt'eitioners within the past 5 years for

Other then minor ylnessesa (it ye . give• ". **compldete address of doctor, hospital,

P i naree fnd detals.o)

22. Have you wavr be rejeed tr military
lt ta eibcause of physiccl. montal, or

other railonsw (it ye m. oe saled

sn,_tr e eibiy.
sv23. you ever eiv dIs iedrn.

orellie appior ensio(t y or. m I,data. resion. and IXy00 of discharge:
t hether honoale.I of hn tinw ibl.,

, for unhtnlll of* unsuitability.)

%" 24. Mewl~ youl w ar reaed, *Ah~ pending.
i or ha" you apied' isr thmsin or

o...pnstion for n.isting disabilitfy
I ys, specily whet kind. granted by wh"m.9 and wh4t amount, when, why)

certify that I have reviewed the foregoing information supplied by me and that it is true and complete to the beet of my knowledge.
Sauthorize any of the doctors. hospitale. or clinics mentioned above to furnish the Government a complete transcrpt of my medical record for purposes
of processing my application for this employment or serwic.

TYPED OR PRINTED NAME Of EXAMINEE SIGNATURE

NOTE
- 

HAND TO THE DOCTOR OR NURSE. OR IF MAILED MARK ENVELOPE 'TO BE OPENED BY MEDICAL OFFICER ONLY."
25. Physician's summary and elaboration of all pertinent date (Physcian haill comment on al pos tive answers in fiems 9 through 24. Physician may

develop by interview eny sddtOni medical hstory he demO Important,. nd record any significant findings here.)

\ ..-

TYPED OR PRINTED NAME OF PHYSICIAN OR DATE SIGNATURE NUMBER Dy
EXAMINER ATTACHEO SHEETS

R"IVERSIE Of STANDARD FORM 92
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A.F.I.T. Motion Sickness. Laboratory

Motion Sickness Questionnaire

Name: Date:

Rank: Age -_Sex:

Address:

Weight: Height:

Introduction:

This questionnaire is designed to find out:

(a) how susceptible to motion sickness you are, and
(b) what types of motion are most provocative to you

Section A is concerned with childhood (prior to age 12)

experiences of motion sickness.

Section B is concerned with your experiences of motion

.ickness over the past 10 years.

,ect -r, C i. coc, erned wi th -'our present s=u--.,:eptib I i t;

to mot io .si ck r .

F', .zts r e ,-. ard fc IOt, o. ,- reua r the In tr-u t ,,n-

om e. .: - e ,_ The . . .. .to tie-e ,, 1 . cr, I

me r o t _Th i e.-. .rn tn..t , ..,1, r ir : i n t h, = c .e r -

1 c ,r i e n c e . Thank' :.ou fr yoour he 1 D .

r4
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* Section A

Al l the quest ions i n th i s sect i on refer to your c- i l dhood

* experiences of motion sickness (if any), where childhood is

defined as the period prior to 12 >ears of age. It is quite

" possible that you will have difficulty in recalling child-

hood motion sickness; nevertheless, please try to answer

the questions to the best of your abil ity.

8R T A BR P E AP
AU R H L Q M A
R3 A P A I A U UP
S 33 I P T P Y I S

E N L S S G P E
S S A R M M R

N0 E El
E UN N D

S- N T T E

'1) Indicate approxirmately how often you travelled on each
type (before aoe 12) by using the fol lowi n:

-, no ex Czr erec e
eI = less thin ;5 trips

2 Ibe t.een 5 and 10

e -n ,r h q t , c. r, Is
S n . _ e t i n -t o.t i u r" r- z "

.R,,:-= n t e.'_ ± r. r Fn Por t th...t '",u

": :er, .er e . . , rs. r the tw que t i .- el ,,. tt.%', ;,----------------------------.1e t o i nd.i ci te :-,cur resoozn.-e):

-~c 1 ch~n ~i Ie

'44

0 ~ ~ = '." ,er : F =Ri r-ei , :_ =--.c~me .. imres : F =.=rquerl *'; ,. " ,,A,.=...

.. * "2S Hcvt.,.'.,, ten ,did , cu -,",___

/ :;" ~~tr.i').el 1 ncr, :

*U, o" o

. ", 3 :,H ow.. o f te er e iov,,u
-":..':t- al 1.' sick ,i . e.

v mit iIh n.) ?,'

a -.--- -- _ _>
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Section B

SS. -This section is concerned solely with your experiences

of motion sicknes over approximately the last 10 years.

CB T A B S P E A P
A U R I 0 H L Q M A
PI S A R A I A U U R
S S I P T P Y I S K

E N L S S G P E
S S A RM M R

N 0 E E I
E UN N D

N T T E

1:. Inditca te approxima'te .,', how of ten you tr.av.el led on each
type (over the last 16 years) by using the following:

* 0 = no experience
X" 1 = less. than 5 trips
* 2 = between 5 and 10

3 - more than 10

* " Considering only those types of transport that you marked
abov. answer the two questions below. (Use the following

e letter-s to indic-ate your, response):

,. =le,..,er: .t =P.r /= '- =',me times;. F =Fre~uen tl /; =-!..a:-.

2 H C. often -ji d :,'ou
Rh ilI

-~~ U r;Je ~.E
m14

lee =

I ,- ] ;r,- you

,,,, ,,*,r _: -

* .T..

'S..

C4%
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Section C

This section is concerned with your present suscepti-

bil ity to motion sickness. If a question does not apply to

you, enter "None" or "NA".

(1) What is Your current flying status? (Pilot, Navigator,

UPT/UNT, etc.)

(2) What operational or fully qualified flying experience

have you had? (Plane, Hours. Crew position, Command)

3 . I (.have; have not) been treated for motion sickness.

My treatment consisted of ___

for months, at

b::, .... , which (did; did not)

help. TreB.tment did not help because

4 , ,ur. r t n 5 -e r. m' e

.- - e ,.e ,

r . i t n~ ci p r .i ri i rr

I .., 4 {r,, t r, e'. er"
. , -' Lher, tr,-e -:. :-,r t'jr t-. ..r i-e-, I :

,K B:'--,me t i me-
l ': t ..k.. .k. S . l art c i pate ir c.rr , .l ,,r

m I ,-'.a r i ,e
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" (6) I would describe my current experiences with motion

sickness as:

(a) Totally disabling
(b) Occasionally disablinQ
(c) Debilitating but not disabling
(d) Only bothersome
(e) Not affected.

(7) When I have been airsick on a flight, I:

(a) Almost always
(b) Sometimes
(c) Almost never . . . have difficulty deplarnino.
(d) No airsickness experienced.

,() Other members of my family are susceptibe to motion

6sickness

(a) Don't know
(b) No
(c) Yes (elaborate)

(9) The following symptoms usually accompany my experience

of motion sickness: (circle all that apply:)

IA .- k u s e D i z z i n e s S
Jom i t i ng i sor i e ntat on

.. ,k.ea+ine.e De.ir e to b e Iec sz .ln
-EL n e rI'A'ri ni nia
:cIn;--. Ef c~ I* , :-;11 :o enr t r

I-,ur, r : F _ ,mr T i r I rc h .i nd ,.E e

He_ -9 e 1: t h e t ri =
s i or d r lIs . . r i tr b i i I

ir rtne,- Thic he.e,. er -

El ur edx. t r n e 1 .) i c n . RC ,e C. Ijc
Oithen ,-elabior.ate _

C, e C

S%

.. . . *r - * .... * . . . .. - -- - . .N V.' V . -' V*.-



X-V. (1i ) I havie found the fol 1 ot.ino -i tu.ti ons .nd their

*accomDany Ioi n o bod> motior sensations to be plea urabI le

for the most part: Indi cte an-.-, not experienced by.

mark i nQ "N/"A".)

F..Fst elevator rides. __Gmn.asstic s
__ Escalator rides -Inverted fl ight

ancinQ -Mountain driving
__ Infl ioht posi tive GOs Hammocks

Infl ight negative G's -- Tipsy, from drinkino
Ski ing (t,w.ater/sno,. Jog i ng
Tr.itai ns..u bw)Ay *. r i des . iSk t i no
S i ns Motorc':,.c'l e r idi ni

___errv-ao,-rc unds 61I i der,".;ma l I anes
__Rol I er coasters Boat i no
______-Other r i da, r i Le Low l eve l fl igh t

4 Staitionary spinning Ships
_____Other (elaborate)

11 H.v.e you e'ver .Pjashed out, or other,,iise been e1 imin, ted

from a fl>'ino-tra iri_ no pro;r am? __No

"___ e; (ei,.borate) ______

12 r e -- u current - t kk i no .n v i c at I on _ r i udin

n d r ir, F e - N, , -

,; : . 7, -

:" H- .e f:'j rj r u :I n .  Ij ifl the

o,;3t 24 hr S K i r,- ft r - n 1 r ide , e

I

* *!. 'X% . , . . ~ '" -



.. .. - - - - - - - - -- - - - - - -. .-- -- - - - - - -- • 1 , , . '

( ) Have you h-ad ;n - . i i on prob Iem s r e ent 1x gn,-ener a I*. -U•

worsening, charge in prescription of- corrective Ier-s.

etc.)? -- No _ Yes. If so. plI e ase sp ec if

( 17) Have you had any stomach upsets in the past 24 hr?

SNo Yes

(18) What is Your current assessment of Your health-

-- e Ecei et -- God . 'ispor

I.-'

% %



SUBJECTZ DATA &E

NAME:....... ....... ....... ... DATE:__________

CHECKLIST

Questionnaire Complete

Briefed

Waiver Signed

Medical Examination

ENVIRONMENTAL CONDITIONS

Ambient Air Temperature

Relative Humidity

RUN DATA

Rotation Start Time (HR:MIN:SEC)

Rotation Stop Time (HR:MIN:SEC)

Revolutions/Minute

Total Rotation Time

No. of Rotations

Tape recorder Stop Time

* No. of Head Movements

COMMENTS
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AFIT MOTION SICKNESS LABORATORY

a RECORD COMPUTEflZR ~L ~ DAZ:A

NAME: DATE:

Channel Order File:________________________________________

Session File:________________________________________

Data File (Binary):_________________ Size (Bytes):

Storage Medium:_______________________

Channels Extracted:

Channel StorSA Medium
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M O MC500

Probl Encountered in t . The MASSCOMP MC500

computer system essentially did not function for the duration

of this thesis effort. However, this fact and the actual

extent of the problem were not known until late in the thesis

program, otherwise another computer or an alternative

approach would have been used.

It was known at the beginning of this effort that there

were problems with collecting data on the computer's small

hard disk (27 Megabyte). Preliminary test runs done in the

spring of 1984 indicated that the MC500 would only collect

one to two minutes of data before it stopped functioning.

This was assumed to be a software fault and significant

empizasis early in this thesis effort was placed on

unaerstanding the software and attempting to find and correct

cie Lauit. in Aepth study of the software coCe failed to

- reveal the fault although other minor errors were found and
corrected. Additionally, more documentation comments were

inserted into the code to facilitate future analysis. System

.: - testing and analysis were then begun to further isolate the

fault when hot summer weather arrived and with it more

problems for the computer system.

The following background facts must be considered. The

;MASSCO]P computer and HATS chair were bothi located in

building 470 on Wright-Patterson AFB at the beginning of this

150
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thesis effort. This building is a former thermonuclear

reactor which was deactivated in 1971. Although still used

for research lab and shop support space, the building is

essentially in caretaker status and is not eligible for major

modifications or repairs. Early in the summer of 1985 the

air conditioning system failed. This 30 year old system had

been repaired many times but as quickly as one part was fixed

another would break. Also, although the air conditioner,

when operational, could handle the temperature, it required

the base steam supply to control the humidity. The base

steam system was shut down for steam line maintenance and

repairs. These problems led to frequent environmental

conditions within the building of 90 degree Fahrenheit

temperature readings along with 90% humidity. The MC500

computer could not operate under these conditions. The

computer overheated, burned out the disk controller board,

caused the 166 Megabyte large hard disk to fail, probably

contributed to errors on the 27 Megabyte disk, and possibly

accounted for erratic performance of the tape drive. In

short, the entire computer system failed.

In October, 1985, the NIC500 system was moved to building

640 (AFIT School of Engineering) for repair and check-out.

As of 1 October 1985, a hardware maintenance agreement was in

effect with the Massachusetts Computer Corporation

(::ASSCO:P). Unuer this contract, repair personnel were

* called in and by 15 November the system was fully

1
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operational. This was, however, too late to assist the

current thesis effort.

Also beginning on 1 October, AFIT had a Software

Subscription Service agreement with MASSCOMP to cover all new

software updates, documentation, and programming support. As

-' mentioned in Chapter V, the MC500 system at AFIT had software

installed that was incompatible with the hardware. As of

this writing, this problem has been rectified and new

documentation is being shipped from 11ASSCOMP. It is hoped

that the repaired hardware and updated (correct) software

will allow computer collection and analysis of biophysical

data.
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&,F .I .T. [,iot i on -- nc, a L bor atcr
1[A -A-

c:. . q u s--_ i t i no n nd [:', i s p I . :.. s. t e m i_ F, -,

U s-r iu i de

t h 1- . I h om u te r t s cr, - ncc int ts + n r i r± ro i e r
:_ S E.'S GI'IDE for MrS-S'COF' !--5% IITH UNI: +or Docer

-, i E nat r uc t I -in s.

2 . Lc'cj or to the .---,m,:u ter

r_1:. iharoe :re c r .:1 ,re:..,.. i th the +c-, i c i r,,, n - mmaPtnd

mrrc 5U #1 ,d u Fn r .. n. -s..dads. iR

The "mo- ,f3 #1 i n the I ne a bc,k. e i s the ..0-:MF s.E tem
., r omc, t a nd tre " 'CR." nDt.t o rnme an s -:. .r se re tur r n

4. To ensure -,cu are in the crr ect di rector-', do a pr r t
. .- i n r d e t cr : or, c rm r d b'y- t 'p in ,

-
.. .,~~m 5r, 50 Cl # 2 p,. d .(C P :..

Thne an:, u t 'er s a t d r=. p,-,n d lo i +h

-' t '" . ._ r.- i. r ,k., I I. --a.. ,- .9._. d .=,

jf .-ou oet so-me cther response oc- to the root di rec tory

rr,, ,_- C' Cl -# c d .... F;'%..

rd etur n t- tep =.a ,

- ',. T: see the content- -0,+ the directory', type:

-h Mot'vl #4 -a FCR

-: . _i :. .t . al Fi le I. r e f -- t

End I i ; the rr, th t e I cnn I. , pt i,,n . th more t r
1I eI- Cn Z~'- 9" = -ien

-- - the D ] r, r F .= r am , i,..,er,,l a t ~e tth r
, _ , - . t' h Dlom _' E,-- , -1 r ii. rT t -E e 4' " i. t e s; t- c- f. _ e D- f- h e r

TTu E * : - e-er, s -at-e rzn rnei orner fi ] tha t
7h Ai 1 p-

*j r:4t~ te rA 7 ~ M -j i- tp 7, -. j ± ,a a* ar~~~r e e r t c _.- e .-r - * f e . , r mC e , .
-= .7--r -- . da: tta, -e--ir'-t on,.-r to o:e peF:r rm-edf. arl-c, th'e _2 _h .r e

a e' *: ce as ' iei to the di Zni _a.ed <.indn,,'.I.. Thia= -fi le
?: ]'-4 o acr;bei r- t7.e - dt tr i , - d d, ,

I.! ,] amra the-e: '- FF:.1±'' -r h. nr-e a-rte

,n -e t tr .te5 *., I+ r .u I .i r.

-. "



, . To mek e a ne o, h a nn c r -r r d i e r or t, oh .r e r,

e t i r n sh _ the c ,-2.,.,i r, . .ih 1 e i the

dad= di r eo t,

e d i t C'fl t:,,, t w Ir i :

i:,- 500 #5 u i a-._ne -or iier. :n

Th iimn -rd en til r, the i = 1 ) t] 1 + uI tet-
edi t orr .tr i od' e -n F D i 1 e -. I Ic "c.h .nre or der" in:-., other
+ ± I -_ r, re o ] I d e u-.ei a ] c1, c as t here are r bI .r..rk.

_ r t e FC.ra.P . - r _ r i,:iF etc de _.r I p+ i cn ,- the
., . . .. t di ton-,, . r tr -i rr t e in, . : tern t n.v

1 , 1i t i r n d F ,r- a r, KMi 1:

T-,e :onr n~r an- s.oi m i 1.1, l cn the _cr n d n 1 ace the

i the uper I e t o::i-ner , be r, .y i o the + i e
e descr bed i n reii t the Fi tz:Fctr I cp,

R Poien - r .1 1 1 arrF t he_ Tt- t l l I rliD i- D 'lj d :

* 0 AII Evit

01 0010 Temr:

0 4 0 0 20 3S R

',p tn, rn r- n n -eded'

Th - i r t c i, I 1 i i t h rrn- e I n i L r :;--d rru t t te i n

th 00 n d +1 c, 1 l, ', e q u r, t i 3.iI T h nit co l u Tr' n :a

c -- c, r, d r r-edui t i -n + c tir nd h- the e++eot ,

cn i, n a - h iiin I ih d t a. r c, i r t s + r1 - ]. h t Channel
I 'rnL~nl hen i r c t h f-e t., o rj "z n , d , i k) , .. 

1 
d-4 i, .. i e + -,i. t h E, iz .-,. re n n

The th i rd i m i .-Ithe -F. a I i c and , r te

tr, aet c he .;r r-. i n-c udi r, hi nI:-- up: t' .t-ent-

c1 c-, n n rsc.

*.Liher i mn a.ed, type a h o. Cr h : ,, The coin and our ,Cr
I: !' tic ri -toed a t the Jo,-en_ c-f4t cit the .screen,. Fhen

h 7 e

-* 7 ;,; - z t :"r~ to- .. .. rte ,i rt, . ,r the- +~, : ; c-
*0 , j . *, 

4 r c ' * e_ h; e,_ji tonr. Thep - Ic ]e n r ' ,-rzne] Crder-

C *:r the= .r--e ",-c t!lu 
'  

.. Cr . ' t - iC- +, . zf- : . . n .-F --" I: i o I C l_
"  

,1- [1 #,

4- n n 77 + t'& 0 re

0--ro
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7. Another fi I e i.s used by the DAA:S p r-c,,9m to cor, tol

the scet-up or c-crf iour at i, cr or the data col lect i, n

session It is appropri:ktel
caI led the sess i or, set-up i e. I t ma.' be estabI i s hed
in ad.ance and used repeated]v. cr di fterer t sess i.or,=.,

or. i t car; be v),r i t ten i n .Rn i nter. ac t i k.e me arner a s
prompted by the CAHE)S p rooram e.crh t i me DAHDS i s r un
To wri te the fi e in dance. enter the u i edi tcr as
d e sc r i be d abov e b%, t y p i ri :

U-S mc5lS0 #6 vi setup, file .*CR>

Then input the iol 1 c ,ing i nforma t i on

14 the number- of ch r re I s to c o1 1 e t

(the number of channels to d i-s , IA,
c. o I Io lect io n mode: 1l=p araI lel 2=an-aI ,.

Tom Jones sessior file, to identify the ._=es si)on
'ones bi r output fi le for ccol lected bin._.r.. dat )

* cha.e ori er the chr ;rrel order file as ,ci, ..en .bo ,)

Th i i nfcrrat i on is =rred ir the fi 1 "setup fi 1" rd
th i s i s the + i I e name to p i ye ..ihe n promp ted under the

LI ".e s taridard set-up fi l e." opt ion in the DAADS program
D ata Col ect i on and Di s p 1 a. "m cd. u 1 e . I t . 1 so mu st be
i.,er in the "Rep Ia' a pre,..,;i cu- col lec t ion." modu 1 e

'" . T' e t -a ha rdcop' r r-i n tou t c'f the abcv,e f i I es
ch a n e I o r. d e r s. e t f c- + i 1 e e n s u r e t h e r r ter i -. ri.

has pa p, er praper 1:' pos i t i cned (:paper pe+cr.aot c .is 1.+a
.us t be I ct,.[ the r.o ers. on the p1 at t en an d the c," an d
"sel " buttons ..re bath I i t. Then twpe

,mrl5 #7 1 pr c h a n e I r e r
m--r- # lpr setup file

To s t u l t l I :I ruri the DfA [:, -DS pr c, ram t r d s t a cc e-c t i cn
rep]._I:-a a s. e s on , OF e:.:traEtct a chr.nneI opt i on I r; '-
t:.pe the fi1 e name:

• 0

." ",, ," Th e p-,r ,-,.Tr .amr i s i n t r., .. .. i ,,- ...n d m e nu d r i ,.., n , I np, u t. t_ h-
'-.9 D ,r,,D I.P t e r c- s, nr-e .. h e n I:r orm teo.
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. . To begi n the actual data storag.-e, t:,ype "bI" uther prompted.

Kri boy., m-ujch f i e s p ia cre i . at., 1 .-atI e arid do riot exceed
t, otheruise the progra.m u1ji 11 crash and data could be

1 -,=.t. If a second terminr i.a.1 sa.,ai 1.able (:besk ides the
i oraph ,ca d ais p I a -./ term i n -a ) i 1 e spa ce caRn tbe ron i tored

mc50 #10 df

Th i ask. =-for the "di sk free" space on the hard di sk
The command can be repeated any number of t ime-s b-
hi tt ing " " after the prompt. I t i s rec ommende d that
"+" be checked frequent I Y,-as the program i-s. runn ; no .

11 . T, =fcp the da a -.tor. oe , t-pe "e a. .a i n or t.:,e " to
qui t the dat._.a col lection session and e.:i t from the DAADS
p r o rm .r

12. T h e fo 1 owi nq source f i les -are n eces.sar' for com p i 1 i ng a

. V ' ll1c tdata , c.

- ',. I e .c t . c
-ad daad smr ij u

.4w extactchan.c
a I obal a. h
-n itchorder .c,-?}i r, t da ., c
i n; t '4r aph i c-. .c

-[" r~e pi I .a:.
- r , n . c

The DA F p, r ''gram ma.r be comid I e cc, r en i er t 1 U : ' i r,-
the pne--et comma. nd in the fi I e c.a led "c-mrr pi e"., pin,-

.,.. t Y. ,e :

mc5,00 #I 1 ccp r i e

1:. The fc'-,?orc._ f to .are necessr..r to run the D Lg[; :r',ucram :

, " .. : DAAD[:,

h r e I ct r d e r
s 4'/'' --- at iU p

The " c eh c.r r der " rid " .etu " t t r e.re u-er 'et+ i r,;

the , ee mn r- 'c d + ferent . bu th - = 1 mut: u---

-" er P P tcf +,,r the crrc gnam t,- r.unr. T h e "se tup" I e ri R e

c• f' ed if user drcide E crea t ter. t, ,
" ,r, the L'i['' , ' r r c - .rr, .

I 5
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APPENDIX 0:

DAADS PROGRAM SOURCE FILES;

C, IRECTOR","

,

Modu I e F'aQe

A0 ode.ad sm nu .................................... I 5
'~~ e 1 :: - .= e n t me n urrm ................................ '. z

r o c e. ,7- =.-m a_ ; n r- e a u e -s= t" .. . . . . . .. . . . . . 1 "

21 I I,-tda t- ............................... 165
r2 Sre e tdaccqrnnu .................... I

A212 D r" cc e sas=d.-k c qr-e Q i e - .t . ......... 168

rNt 2 A1 21 r e ad - s t up 171
St212 je rd c t ik _setup............... .17

,, A212 3 iritr phc a...... . ........... . 17
-2 A213 1 ini tchorder. ....... 194

H - A21t2 pl ace v'indot.,s ...... 1 96
A r 12:: crea t e _ ae gm e r t ... 1 7

A212 4 n i td... . ...................... 198
-1. - A i 5 c c- 1I e c t d. a t - ._ . . .. .. .. .. ..... 2 ..

A 21 251 p ar a ci I ec t .......
;r21252 anal ic ol I ec t .. 1.. ."2 1

. e. t r. c tchan ..................................... 14
A 22 p: r- e s-- e r, t e .-: t m . .. .. .. .. .. .. .. .. .. . . . 2

A- A22 2 doe"<t r ac t i on . .. .. .. .. .. .. .. .. .. . . 2 -
, A2r ep I a-. ................................ .1

A231 pr..entr.ep a .. ................... .2. . . . . .. 1
c! c2 r. ep .. 228

.... 1 p Jr.d. pi a . . . .... ............
n 3r a I o __ d i s. 1 a . . ... . . ...... 2:

A 2 4 d a t .. a n a I :-. S I S . .......................... 23 5

,i ce 1._Lrrecu= F

I . I a . h . ................... .. .......... . .
c h .. r, ,c, r ,: e r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2

a t-up. .......................................... .239
r o u rid ., . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 4 C

rc-ud.-

' p,



* NOTE: *

* The DAADS program source files in this director> *

are not ones that can be compi led for an executable
D:,ADS prociram. The.," hae been reformatted tc' f i t *

4 the mar.i n cor.-tra ir, ts of an AFI T thesis. Al thoucih *
the. are identical i n conten t to the or i cii na sour ce *

* f t I e , some commands Iie . #include. and #def i ne ) ,i 1 1 *
" not work i n _n'>'th i n but the f ir st col umn pos i t i on.
* These fi les are for cosmetic purposes on):, *

S[J.J :3 Oct 85 *

L.
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* **

D )ATE :*
• VERS ION: 1.2*

'%" * TITLE: Daads rnain menu*
"w., FI LENAME : daadsmnu, c*

." * OWNER: 6:DAS sycstemr manager
"",, * SOFTWARE SYSTEM : MASSCOMP*

• OPERATING SYSTEM: Unix version III
., . * USE: Driver fi le, compi le wi th cl Ictdat.a.c,
,,. *extr. actchan.c, r-epla-,'.c and datanaly'sis.c, all1

-.1 * should be included files along vwith stdio.h.*
i,,. * ~CONTENTS: Al presentmenum - presents the main menu 2poesanrqst-fmue • *

• ~~response. branches to DAA[:S funct ion*
• sel ected.*

F FUN CT ICIO.. Contai ns the DAADS main driver programs.

1..

0 #include < stdiD.h>
#T. #inclIude <math .h > /* sys=tern math f i Ile for round" pr.ocedur~e

.':. in ini tda.c *."

"-4.

"TITLE:defDiaes for menu m

1 i':#define Ex I T "'5"

? #define dataacq "I1) D a ta Co cIIe c t icn a.nd D is.plIav.,n"
;'"#define extrackm rnu "2.' Extract a channel from a file .. n"

#dot no replaymnu ") ReplIay a pr.ev ious. col lec t ion.",.n"
Nq #def rne data.B~nal s, l "4.) Perform date.aranal vs i s."...n

;'L1l"#define EXITMAIN "15) Ex i t DAADS Qpr-ogr- am.","

* Global defines used y all menus*

Z " ' Z , ,# d e fine M E,' I T.",

'w-."#def np. CR ".nr
' i"#de ne N'.4TREADY "This. option is. not avail]able at this

, t i me'-..n"
. #def ne TRYANOTHER "Please try -another optior"

,..#de+ ne TRY AGA IN " Inco~rrect respcone. pl ease try acia n",,n"#de+ ne HITRETURN E PI ease h*i t re turn .Jhen read',.n
#Uefne afit "Air Forcteit of Tcelcchtndoa *..n

.#de+ ne ssname "Dat Acu is.i t i or, and ao w sp :.. *stem"..n"

or- #clef n m..i.nmnJ "M-a.in Mlenu tPlodule'..n"#def ne dacqmnu "Date Acqu si tion and D pssl a. -lcdu i e"-.me r

# ef ine e -. t rkmnu "E.tr acnt in le Channel ro dule' n"

*.seectd.I

*d+ UNe re I O :m t aj R e p he a D f d aue ni c

'... ~#,clef ne ar, a I :.s i .sdza " Perform [:,_?ta Ana I -:s is t".,-dulj1e"..rl l

,* e. #deire KsiOZ E 2

%,i 1 5 9

in initda.c *

,"deinsfo mnu*



/* cursor control character for h19 */

#define CLEARSC 33E-.,n

'1 /* defines used by initgraphics arid replay modules *7

#define MAXWINDOL4S 12
#define DISPBUFFSIZE i10
#def ine NDISPBUFFS MAXJINDOWS
int display buff[NDISPBUFFS)[DISPBUFFSIZE) CO):
#include "cllctdata.c"

#include "extractchan.c"
#include "replay.c"

/*#incliude "datanal-,ysis.c"*...

,/ The statement above is in comment quotes because this

option is not available at this time. At a later date,
when the data analysis software is written. the comment
markers can be removed and the program recompiled to

* include that option. *.

%-.

"I-
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'W

S.. ' 16L1 ,r_



* DATE: *
* VERSION: 1.2 *

* NAME: main *
* MODULE NUMBER: A*
* FLINCTION: Starts the DAADS ss tem b- callI Ii nq mc'ul e *
* to present a main menu and process the *
* user responses. *
* INPUTS: None *

* OUTPUTS: an swer *
* GLOBAL VARIABLES USED: None *
* GLOBAL VARIABLES CHANGED: None *
* GLOBAL TABLES USED: None
* GLOBAL TABLES CHANGED: None *
* FILES READ: None *
* FILES WRITTEN: None *
* MODULES CALLED: Al presentmainmnu, *
* A2 processmai nrequest *
* CALLING MODULES: User *
* * AUTHOR: Capt Douglas G. Fitzpatrick *
* HISTORY: None *

** -)-.."* * *- ** * * * ,---** **- -*."- *** * * * * **/

main

char answer 2]

char temp;

do

pr. intf(CLEARSC);
sleep (2):
presentme numk)
sc an f " " an st..'e r )
processma i request (,answer)

.,hi le ans,...er10 !=MEXIT)

. * end main *.

a,:

"sso

-.C

N > ',%,4,,,,."-.',,' ,i o. _ .. " ," . " " , " ¢ . " . " " . " . " . '_, " . . ."," .".P." . " .t . . . . 4 ,



* DATE: *
* VERSION: 1.2 *

, * NAME: presentmenum *
" * MODULE NUMBER: Al *

* FUNCTION: Presents main menu on the screen.
j * then asks the user- to select a respone. *

* INPUTS: None
* OUTPUTS: None *

g * GLOBAL VARIABLES USED: afi t, s'vsname, mainmnu. *

* datacq, extrackmnu. *
* replaymnu. dataanalxsis. CR

* e nnGLOBAL VARIABLES CHANGED: None *
* GLOBAL TABLES USED: None *
* GLOBAL TABLES CHANGED: None *

.* FILES READ: None *
* FILES WRITTEN: None *

'* MODULES CALLED: None *

* CALLING MODULES: AO daadsmnu
* * AUTHOR: Capt Douglas G. Fitzpatrick *

* HI STORY:

presentmenum(.)
....

orintf( "

pr I n t-f ... ) t
printf' ssname) ;
p r i rn t + i.. ),rs am.
printf 

'printf mainmnu);
p r i nt tf CR) :
pr i tf CR);

or intf "Please examine the menu below, and indicate the
type of operation\n"):

pr i ntf " ou k41 sh t o perform. t,..n "

pr in t (CR):
printf("Mair, Menu: 'n")
printf CR);

printf dataacq.)
printf(extrackmnu);
or i n tf (rep 1 a-Ymnu )
pr int f " data anals is)

pr n tf ' EXITM IN)
p pr i t +'CR>pr intl'.C.R)p, r- i r, t + C-:R.)

pr i nt-f( "P1 ease r di c ate choi ce try t-p i nq i n corr espondi ng
number aboue :

3 /* end pr esentmenum *.

162
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*DATE
A-'.

* VERS I ON: 1.2 *

* NAME: processmainrequest *

* MODULE NUMBER: A2 *

* FUNCTION: Determines from the user response to

..1:> * "ansvier' the DAADS function to branch to.*
• If 'answer" is valid a simple trasfer of *

• control occurs. If not, a return to Al *

* occurs. This happens until a valid *

• response is Qiven b%,, the user.
* INPUTS: answer *
* OUTPUTS: None *

• GLOBAL VARIABLES USED: TRYAGAIN, SNOOZE *

* GLOBAL VARIABLES CHANGED: None *

_-GLOBAL TABLES USED: None
* GLOBAL TABLES CHANGED: None *

i * FILES READ: None *

* FILES tIRITTEN : None *

* * MODULES CALLED: A21 cllctdata. A22 extrractchan, *

* A23 replay, A24 data analysis *

{ '~ * CALLING MODULES: AO daadsmnu *

* ALITHOR: Capt Douglas G. Fi tzpatrick *
* HI STORY: *

pr ocessma i nr equest ( r. ,

char *r:

i r t c :

sw I t c h c

case 1': (
c]llctdata );,

: br e ak

case 2 : {
* ectractchan(')

,- break

r ' ' y .  •. -"1. :,3

,&'G. . s,.. , ., , ,..,.,,.,. .,. ,_,... , '. .-.. . ..-... . - -.. . -.. .. .. ..- . . .. . .... .. . .. .. .. ...... , .. ... ,.



- break.

',V . case '4': (
data a .),sis

break;

case EXIT:(
o9,r I ritf( "Goodbye\.nE~t break:

default: (
pri r tf (TRYAGAIN)
sleep; SNOOZE)
break;

-. 7* end pr cces srnai nr equest *

da ta an a 1 s i s

pr i n tf :NOTREADY)
printf(CR);

n r i t + (TRYANOTHER)

printf(CR);
pr i n tf (CR)

E-4D OF FILE

.4;.

.,q .-

... 
4

%-S



C.,

* DATE: 4 October 19?5 *
-• UERSI ON: 1.2 *
'.* TITLE: Collect and store data *
-* FILENAME: ciictdata.c *

"V * OW.NER: BDAS system maraQer.
* SOFTWIARE SYSTEM: MASSCOMP *

* OPERATING SY;,TSTEM: Unix versiocn III*
* LANGUAGE: fC
* USE: included w) i th daadsmnu.c. includes co lect.c. *
• init'graphics.c ini tda.c. *

* CONTENTS: A21 cl lctdata, A211 presentdacqmnu, *
ii.!* A212 proces=.dacqrequest.A2121 readsetup.*

* &A21'22 interact i esetup. *
* FUNCTION: This file is the data collection menu
* file which drives the entire data *
* collection and displa;" subsystem. *

w*

it.

4:'.

.
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* DATE: 4 October 1985
* VERSION: 1.2 *

* NAME: cllctdata *
* MODULE NUMBER: A21 *
• * FUNCTION: Performs the func j tons for Col I ct Da.t_ *

* Di sp I a,. Contr ols Collect Data & Dis.p la'y *

• menu presen tat ion and accep-ts the user *
Srespe:s.. Branches. tco A21 2 proces sdac4-
• response to user desired function *

.* as Indicated b- the response.
"*:: * INPUTS: None *

* TPUTS: an s., er"
* GLOBAL VARIABLES USED: CLEARSRC*

GLOBAL FiARIABLES CHANGED: None *

• GLOBAL TABLES USED: None 4

* GLOBAL TABLES CHANGED:: None *

* FI LES READ: None
* FILES tWJRITTEN: None
* MODULES CALLED: A21 I presen tlacqrrn u *

S* A 21 2 proces.sdacqreques.t *

CALLING MODULES: A2 proce.=smai nrequest
* AUTHOR: Cap t Doug I as G. F i t z p a t r i c k.'
* H I STORy : 4

* print statements for DataAcqmenu menu opti ors. *

#define use.td "I) Use standard set-up fi1e.".r,"
#define inter. act "2 Interact i,..e set-up opt i ons. ,r,"
#deine cc,Idat3 "3' Col lect data and disp I '"..n"
#de4ine c' i td cc) "4) Ex i t menu."
# define D E::< I T 4
nt read,, =C

c 1I c t d t a ,

c ha r ar s...,e r [ 2]
char temp :

cr I r, t ,'F LEARC)
s I c- e p St . 0-;N OZ E ,

.p re er t d R c qm u
saI r a n -F .. ns., ecr,
temp = c tchar':.

p r oc e s.sd ac a r e q u e s, t :. r ..e r,

[.,jh 1 e ' a~ris.er[u'] '=DE>:IT)

end c1 c tdata *-

-I

. 2 1

0

":.7 . . - - - . --- ..- . -. . .. -



" " * DATE: 4 October 1985 *

S ...,VERSION: 1.1
* NAi~iE: present,acqmnu *
* MODULE NUMBER: A211 *

.* FUNCTION: Presents the Col lect Data &: Di spl menu. *

* The user is gi.ven four. choices: r-ead
* set-up file, interactive set-up. collect *

S-arid store data, '- ex i t back to mai n menu *

* I NPUT S: None *

* OUTPUT': Nore *

* GLOBAL YARIABLES USED: a+-i t . sy=sname, lacqmnu, CR. .
* usestd , inter act, cocla t a. *

1 ex i tdacq.
G GLOBAL t .ARIABLES CHANGED: None 
G GLOBAL TABLES USED: None *

* GLOBAL TABLES CHANGED: None *

* FILES READ: None *

* FILES I4RITTEtN- : None *

* MODULES CALLED: None *

• CALLING MODULES: A2 1 c 11 c t da t a
AUTHOR: C-ap t Dou Qi as G. Fi tzpatr ick *

* H I STORYr : 4

*resentdacqmnu

nt K n it'

pr intf',: "  "p r. nt , i t :,+

p r i n t -f 'v s n am epri nt-fk " "

pr I n t + d._ r qmn u
p ,in ti ',.cla m

p, r in t + '" C R)'P, r.i n t f : L-R.

c::ri ntf'k "Pl ease e.'amin- the menu beic,. and i ndic r.te the t:vpe
of oper at i on".n"

pr nt-fk " .u l.i sh tc' per f+crm. "'
*:,r i nt + , R,

r. nt+ " Dat a Ccl e t cIni anl nnl D i S a Menu: '.rn" : n
pr in t-f,C.R:,:
Dr i n t +f ,:*use=_ -td. ;

pr int-f, inter .act.
pr in tf': ccI data.)
l ~r i ni t +f e %.i t d ac I

prrt,L- : R :
pr pnt," C:R
1:r i ntf': CF':

D r nt-f P1I ea; ilndicre h "c i e t, tpirnQ in r
n urbe r. e r ', c" ' e

o-end crer tmerm



* DATE: 4 October 1985 *
-i* Y'ERSI ON: 1.2 *

* [ArIE: processdacqr-equest *
* MODULE rUEMBER: A21 2 *

* FUNCTION: Determinec the functior selected b:v. *

-* the user arid then branches tc the proper *

* routinre. If the selection is val id. a *
Sbr-anch occur-, It riot . an err-or rressaQe *

o* ia i ven and the CDo Icc t ['at.a & D ispl a:.. *

• me n u r. e t u r- t c. h e -c r e e n . Th i s. h a pers *
Sun t i 1 a v i d re =.ponse i a . ce i ed

V I NFLITS : a. .s.we r *

OUTPUTS : None
* '3LEBAL k.ARIABLES LISED: None

1GLOBAL VARIABLES CHANGED: None *
* GLOBAL TABLES USED: None *
* GLOBAL THBLES CHANGED : None
* I LE-' READ: N o n e

FILES .R.IPITTEN : None
* M IE:,IULES I- C LLE , : D 21 ' r. ead s.e t up ,

F 2 1 I242 n terac t i,..,e se tp* *
* 2 *_2: , i t 'ir-aphics,

.1 24 i tda, *

1. 2125 c o I lectdata. -

A-z ** CHLLING'3 10DULES: '1 cI tdat.9.
/ LITH-I: Ca

I t DoucI a.z s F i tz patr, i ck
* H I i':- i ' : *

4T - *4-P

h 4- t e ec e n e .s : o q i t h t h e d a ta aclqu s t i c r iu n t i ne, -
n -4- a are c I ' .li thin t h e cl ctdata s u b S., E t e

#de e EA[: 1
#,de ne E .. I TE

#d + i e NEIFFER' '0
#. - #e + n e B1FFS I Z E 215
#de fj n e c bu 4 z 92

s hor-t .,:qbu++ [NB IFFER S [BUIFFS I ZE ;
Sh C r t P I r, rr,.f f
'hor t *bp
-_tat ic n t _thnur , = i

c ',r FILEOUT[ 3i
ch ar + F c , h n cdr [ 10 A

n t e r r o r:
i n t N.)BUFF I TENS :

I l t ri r im e-

in t ri cn : _ n
* ri nit E pc hans:

S-.::: .1,_

* •. . ... M2... , . & A .C.. ~ .2 . .A-o .Y x



. .x int DISPPOINTS= 110: /*dispbuffsize global in dadsmnu.c*/
short offset:

int data fla,_;
int chanorder[ 16)
int c;

.* reduction data structures. *

int reductioncount[ 16] = O:.; 7 j nput from chanr,r-el order
file */

int dataitern_count[16] (C0): /* incremented to reduction
count then reset to 0 *7'

static int end 1 ist[250]:

i * inc I ude submodu l e s A21 2:,, A21 24. and A21 25

#include "initcijraphics.c"
#incIude " ini tda.c"
#include "collect.c"

pr-c e ssdac qr eque st r.)

h ar *r

, = r[@]:t r 1

case 1: "

reay = rea s e t u p & d a t a f I _a nchans
:n d i s p c h an . fr, h an oncr, F I LPFILIT,

b r- e ai k:

read, = i F t er.ac t i ue se tup i.i.dat a +1 ac
*- rchans A.,nd i sphan -. fnchanodr
SFI LECLIT.:,

I:: r E.. k:

%I-.

'-Ai

.- '.

/"""," . . """*""" .-. "... .,. .- ' ,'J . .*,\~ d."",'b,,''',\ k -""''" . "-. ." . -, ' .



- case "
ii(rea.d.v ==1

error = 0 .* start .,,i th no error */

error = initoraphics nchansndispchans.,
f n c h an odr . c h an or-der )

f ('error)

error = ni tda, data. +lag.nchans .,clharorder.)
f ( err-or)*!

collectdata(data la. c;
br e .9. k:
brak

else /* I+ there i s an error in set-up *

r. i nt f( "Set-up not completed.")
pr i n tf - " Choose 1 or 2 "n"

sleep(SNOOZE*2);
- break;

,_case CEX I T
p r i n t - " Goodbye"n " )
break

de+aul t
n r i r,RtCTR'3GAIr.J)

se ep SN.OZ E

1 0 S OE)

-, *end p:rocessda=-cqrequest -

** 17

.4*,

X4 * en .,r, *, s X N req Je = t-

4.!K.~~Y:'- .N ,~>



DAE 4 ctbe 18

* YERS--I ON: 1.
* NAME: read_ setup*

* MODULE N-.UMBER: A21 21*
* FUNCTION: Reads from a user cOv en fil1e the*

se t-up parame ters, data f Ilao richars.

* ri~d ispcharis, tricharnodr , arid Fl LEOU F. (sks*
f fcr a be s. s. orn he-a d er nri sine t h er n v 1 1

* ign1ite the Ses sion Header file usinog
* that name for a-4 -Fil1e name.*

I INPUT: da:kt-a f 1 sq . n c har s. n di sp charis..+n rc h arodr
*~ FILEOUT*

St* OUTPUTS: d-a t a -F s+ I richr-s , risspchans, * tchsriodr *

* FILEOUT*
G LOBA~L YV4RIi BLES USED: V-1orse*
GLOBAL k)ARIsABLES CH-tJGED: None*

* GLOBAL TABLES USED: None
GLOBAL TH BLES CHANGED: Nonie*
FILES, READ: N-4on e
F I LES kIJRITTEN4: S:ess I on Herader f Il1e _cons r.ini no

-~ * -ame as outputs*
* MODULES; CA~LLED: N-Jo ne
* CALLING3 MODU1-LES: A21 2 processdscqrequea *

AUsTHOR: Capt Dcuoilas. S. Fl tzpatnick*
H HIS'-TO RY: *

Fe ad -setup' .pda t.a _ f c;q.pnri her , prid i s.pc hanrs .trichi.rn:dr * FlLECUIT.)

*ri t kd t a. f 1 ao*pri c haris . *p nds -pc na
crhar F I LEOUTE 1 I fric h ar odr I I

#def s neMHLrJE f0
-a#d ef i nre 11 Wl itJE 1
*FILE *fpo*tpne-r'

char st up tr n 1 -
c har 1 c- nCM f-XI IE)I
c har t emp.c har.
chair 4.nrhnEr 1f23

* han =.- _ _1 i ± i 1 e 1 30 1
h cha r nulmber Itr L I tJEli

ntn

-.

n tdone:_

0V
12



7*************** BEGIN READ SETUP ****t***t/

'initialize some variable-s

for (n=0 :n<30,;n++)
blankafri)

strcpv~blanks,setup -n);
str p(bLi an k s -frch anocd

strcpxy(bLarks.*Fl LEOUT);
*pncharis = 0l.

V *pndispchans =0;

*pdata _-Elaci 0;

d o 7*the entire module is a big loop *

p r i ntE+:rLEARSC).
Pr i n tf "Use standard se tup -E I e'x.n"
p r i nt-(CR)Y
p r n t + CR

* .7*qet the set lip fil1e name and test +or cxi sictence *

do

pr r t- + P1I e ase cii ye t he n amre of t he sat an dar d sec t li p +f i I e .20

caat er s m ax: .C
sc an- K, ""."* stc tug'-E+n
tcmrpchar = ge tclar'...'
i-f se t up -fnEO I = 0 - a. bn c r ma I cx11. i t r ret u rn t o m e n u

rcturn(-1);

7* tst for -F i 1 e e- i stenrc'

S+ +Kcf p e cen'.e tup +fn * r" ) ' AULL)

pr in tE "Set u p -fie .- dcoes not ex iscttn" cSetup -En);
.,e ~done =FfHLS::E:

ese

done =TRUE;

1 e ' d ' d n e



"crc" r....rrzr)(" n - h - n. .- -X. r tt /r - - -

/*nchans *

;(+(fragets(l ine.,N1AXLINE,fp)) '=NULL)

for n=el',:I ir, e nJ I ...n n++)

number[n] -ineln]

*Drnchanc: = ato i 'number);

j f(p n c h an s 1I *p n c h an s 16

pr- In t f "number cf channe l s i n!u t %d i s ut
of r. ange\n" * n ,h-ans)

.r i ntf "Return to men us'%.n")
pr i ntf(HITETURN);
sc a n f (" c " , & t e mp c ha r )
return(- );

. else

P.r i n t f+ "Number of clhan nel s to co l I ec t
1-- sd.n .pnchans)

e 1 se
t

pr i n t f " .:, t _up f I e does not have a 1 1 the required
p.kr ame t e r s\...n"

pr n t f "F.e turn to, menu..,n " )
pr i nt ',.HITRETURN) ;

':. ~ ~ ~ ~ = ,R_ ri f . ..""c " 8,,.. t e mp c h _m. r_
r" e&ttmichrrnr "J Pe turn'S:-I).,

* nd i = I, c h ans. n u m e r + d i sp I zk: c h an n e 1 s ..

1e e pK1
i ' c , e ts. 1 ne r-" *xrLI t.E f p t-) I =NULL

+ =a (:K I re r) ] . ri ) n er + +:'
number[n] 1 iner]nJ

-r ,rdi =.lch a.ns = atc . i "Ir, urre r
f p n d i s p c h *p nc h -a n s. *p nd i s pchns 1 2

pr I n t f "number c,'f d i s 1 a. charr, el s e::.',ceed

the number cf n" -"
P r i n tf" " I npu t c hanne I a c'r. tie ma:.:< number of

Sd i s I ii. ch' a n r, e1 s

-." 1 7

0"

ilW I .. . . '



pr i ntf(CR)
- - . printfk"Return to menus.\n".)

printf(HITRETURN):
scanf ( "'c " ,& t empc har):

return(-1);

e 1 se

pr. i ntf( "Number of chan ne 1 s di sp I axed
is -- ndn " *pr rdi spchans)

else

pr. n t( "Set up ile does not have all the requi red
parame ters\ n" ) ;

pr intf ("Re turn tc menus\xn")
printfHITRETURN) :
sc an f ( ".'/; c" , & t emp c h ar)
return(-1 ):

-.. data _ I ai the mode c-f data col lection *

"slep ( :

9 i f+ gfcets( 1 n e ,MAXLINE fp ) '=NULL)

fcr n= l1 ir eInJ I n n ++)
number[n] linefn]:

*pda ta 1 a. = ato: onumb ber

t :. *pdata flao 1p ', I *pdat..__fl ag . 2

pr i tntf( "Incorrect ccl 1 ect i orn mc'de detected".n", 
printf""Return to menus\',n");.

pr i ntfHITRETURrJ).
-San + ("'.-/ ,&te mpchar'
return(,-1)

e se * If co l ec t i on mode i s g i v e n a s 1 or 2
- . ' - ""-

""" f'"*pd a.. _ lao == 1)

pr ri n ,t (" CIl lect ion mode is. --

paral 1 ei .*"-..n":,

eIse ...... * * d at _f a . = 2) *...-_+

Spr i nt- +"Col ect ion m ode i --

a .k o Q. n,

-t4

1'V 
9

r~1.74



else /* The data collection mode information is mis.5sin */

pr i ntf "Set_ up f i I e does riot have aI I the required
par ame t ers*..n " ) ;

pr. intf' "Return to merius"..n")
printfKHITRETURN);
scanf( "'.c" .&tempch ar
re turn(-I);

Session Header file nare i 1 1 hold th-ese par-..ram e ters t or
a 1ter rep1 *

" " ~S 1e e p Iil
*

if,.(fQets( in e ,ttAXLINEqfp) ) =NLILL)

, ? ;,, ~fozrir=e;iKl i r~e~r,] \=.... ") ;r++ )

sessionfi le[n] = 1 ine[n] ;
*" session file[n] = "

i f KKfd=open(sessi on file.0) ) MINUSONE) /* use
* open riot -fopen bec.use open does not cr-e:te the
wr," file if it does riot already exist. */

pr intf(CR)
"*"- priri tf("Sess ior header file "-s a. Iready ex i st s .,.r,

se ssion f i le ;
dco

p" r i ntf " r..n Over-t,,ir i t e cur r. en t
con tents, " or N.\,.n " .

'Z.: =--~~c aln f K "4s" .'.. * _sri _.c ha9r')

tempchar = Qe tchar. >
. .anschar.1@T== '0')

return n - .) * .," abnorrra. 1 exi t fr-om set - up
,i th setup not complete *

'jh i 1 e, : mari - .charO 8& anschArL LJ ' I
& , anz.ch._r[0] -n .- & anisch r 0)

Th e t . t err, e n t above causes th I 1 uop to k eep c c i nQ
ur t i 1 .v1 1 Id response K"Y, , N n) is rece ved. * .

K ansch.r(0 =1 n s.rh ar[C == N" )

Srr ntf':. "Peturn tc ' menus )ri
p r i n t f H I TRETIRN ,

" ..... t e-- c ar
'.--.- i eturn,:-I :,

.-.- 7 *YJ-? :iC ,'5-



Sel se .* a kal i d responsei s c yen *.7

close(fd) , /* close the session file *.

printf("Session Header file name is
%s'\.n' *se ssi on+I1e

e 1se

pr n 'Sess on Header file name is
.s\n ,sess i on f i 1 e.)

r- n* ed i f =M MINrJU S ONE E

t missing from the seseslion file

p r intf'U'Setup f ilIe does. not have allI the requ ired
pa rame t er s\ n"

pr i n t f "Return to rrienus\n-
p rintf(HITRETURN);

V. - "

scan c 8q Uterripchar )
return(.'- );

elsFILEiUT the cutput fie n containing the binary .

- "

collIected data *

aIee p ) t ' = tu. .f l o s no a.e a h. r q i e

-F cr .01 in e r ..... n n n++
FILEOUTn) 1 inen I

FILEOUT(n) =

+ ' 'f dc'peCr'(F ILEOUT 0 ,,) ) NI NUSONE. use c'pen
not fopen because open does not creat e te h
f i I e if i t does not al read.'e i st*

printf"Output file z- -F, I r e rad,n ':,i st.

do

P, r i ntf( tn Lv enrrr i t e current u=NUL

" ' ' f O r ( ~ ~ n t e n] '= ""- n t r- 'n + + n

s c a-.n + Xs" a n s c h -ar)
tempch. LTr =otchar

i . an n schrE 0 LU 0
oturn'pen )ecua=b- o rn oe 1 a i t f r cm e t up

le f t d,,en i th se t .up not c .mplete

k-, hi e s K anc ar. 0) = n ch r

X&,& -anschar-0 nJ)
a -h a r -!

Po

.,,%



i f(ansch r[ == rn anscha.r[O == 'N')

pr intfK"Return to menus\.n")
printfkHITRETURN);

s.canf ( ".c" ,&tempchar );
return(-i )

else

cll'se(fd) ; .* close cutput fi le *.
-. pr intf( "Output fi 'Ie i._S

.,"-- .,'% s 1 ",n, F I L EO0UT )

" 3be lse

Srir t utp"utt +i fle iis

-F."..n TFI LEOUT)

:: * end if == t1NISONE ,

e I sse

. .. lpr rn t+ "Se t up. +ilIe does. riot hav.,.e -alI the requ ired
-, '.¢. ~~p ._ar ame t e r s\rn :

pnr t +Return tpo mer, u sfil

P . pr in tf. HI T RE-TURN)
%":" _=.c .a~n f( c'" ..  & t err, p c h a r.

6 '4<xn"'*FILE.UT)

r-e t.'- d i n Uelsene

+. n h a. nd n e C n I .

N pr i nt +op"et beup case dc'en roae ao cr1te re ie

"-.1 par d. I t e r d e ) r

r ,:, r t f (t t n tc' me nu". n " rPrr intfKHITRETU1r'fl
nsc r K% "c" ._ten c,- r.n]= r[

returrn-i ':,

06

r C-r"1ordr rf r, ,.,- e r.containsthe 1 t ofe chanrsoe s to b

co" 1 ec .
Aand.th seconar.. reduc t ioh._.n ar tnrfr ac

if'' fjet': I nc prKnfp) ) t L)

-

.. fnchan'dr:n = i ,-en

- : : d oen'*fcaor*Cl =NINfDN)7 s :pe

- o oe easeoe osntcraetef

- I f 1'. '' ,'-'k- ' .L, ,- .',i t , ' es nc't a read,'y e.'' i.4 r.,, st .,. , . -, , -. , J..,.



.?

el se
AC

close(-fd);
lr t i f " "Chan e 1 order i 1 e n.atme is.

.s\ n" n c h a n o d r)

e1..
/* e nd i + M NUJL3CNE *

e Ise

r,r t , "Set _up, f i 1 e does not ha.e a 1 1 the r equ ired
pararneter-s\n ;

pr ir tf( "Return to merjus-.r")
Sr pr- ntf(HITRET"URN)
s.c an f ( ","c " , & t emp c h.ar,
return(-1 )

pr i n t f ""..r e thsh es s.et ulp, parameters, correct?' f or- N '-.n"'

s c a. n :""s a n s c h .9 r

tempchar = c etchar , ) h

* 'Mb i Ie :an s .h r[ C .C'.. .r'" && ans charE1) 1

... * t e se.ssion -f ile onto di sk under neme ii v.en b. user ..
cr I nt f',CLEARS::)
pr n t f ",lr i t i nc, ou t the '.'es s on header, file to .s.n

session -f ile;
f,'tf.pfoe <.s esion + i ,le,".,":) NULL) ,* use +open row so

can use fprintf to output parameters *.

t r ntor "Cculd not wr i te to Sess i c,, header f i le '--s."...n"
session le

Ir nt-f: K" P r_meters. tor set-up nct stored ....... .. n

e I se

f r n t-f ' f,. d .';d .d . s."..n .*pdat _ I1aci,
*pnc-h an s., *pnd i spchans .. f fncha.nndr., FI LEOUT)

c : , s e : + , i

return(1 ; set up, complete e 'ver cet this .r *..

-4.T

U l,: .'..
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-"" * DATE: 4 O'tober 1995 *
* VERSION: 1 .2 *
* NAME: interactive_setup
* MODULE NUMBER: A2122 *
* FUNCTION: Interac t i,.e - asks user -For the set-up *
* par ameters, dat. f 1 ag nchans, r di spchans, *
',z. * fnchandr, and FILEOUT. Asks for- a Sessi or *
• header name then wi 1 1 wr. i te the Sess i on *

* Header- file usi nq that name tor a file name.*
* INPUTS: data_.f1ac, nchans, rd islpch.trcs., fnchanodr, *
" * FILEOUT *

* OUTPUTS: data_f 1 ag, nchars, nd isp!:chars! fnchanodr *
* FILEOUT *

* GLOBAL Y'ARIABLES USED: None *
* GLOBAL VARIABLES CHANGED: None *
* GLOBAL lABLES USED: None *
* GLOBAL TABLES CHANGED: None *

I* FILES READ: None *
* FILES .RITTEN: Session Header file contain no same as *

• I--I ~CU t p1 u t 
"

* MODULES CALLED: None
* CALLING MODULES: A212 processdacqrequest *

AUTHOR: Capt Dou'. 1 as G. F i tzpatr i ck *
H I STORY:

. n t inter.act i..e- se tup pda t a_ f+ aipnch n s. pnd i spchans,
• . f nchanodr ,FILEOLIT)

n t p a f 1 a t a a n s , * p n d i s p c h an s

ch.ar FILEOUT I fnchar, odr. I I

#de + i n e MI NU'--.ONE -1

*,- int fdcioodf i le;

c h ar n imn c h . ( 4 )
char numdispchansf4l:
c har. n'Jmdata +1 a.[4]

h ar n sc h ar 2]:
n t par ame t e r ok:

ch.ar SESSIAlNFILEC_ 301;
FILE *fp,,*foper,, :

4 .

[1 2

0I

4% '"- ' ..- - "" .- -. '"" / - -. . ".. ,,. - ' "% " "- ° " " - -""" " -' "" .; ." ;. ' '" ." " - '' -; " '.-.



k1
N -

z e ro out data fI ao. n chans ndPsp chan s to start fre sh
e, ver.tirie

*p da ta +fI t=
*pnchan 0;
*pndi pch.a.na = U;

7* present questio ns */

do
. .* this entire module is a b i I cop *.."

pr in t f, LLEARSC)!
-. pr ir t K I n t e ra R c t i v e s e t - u p o p t i o n s r,

pr i nt+:C R.,!
pr nt K CR):
pr i nt +: " P l e as e  ans..,ter the -f,:l 1, cgitnc quest i ons

,c a r. e + u I I v" -.n " ):

-r i nt + A"z-.. r zero ,r) .nr .n r e-po,n e .- abort-s.
inter.act ive se t-u p"

pr - i n t E:UI IFFEF)!;I ZE = ".n" *BUFF-;I ZE)

.....* ,data. - _i .ac ..

dco

.p, tr +l t C K C
/r i tC" "iha. t i a the co I ec t i o,._n mode? F ra.l 1 e I or

- n a I ': K 2 n '. r i

.r ir, t + ' En ter 1 for par.. a). 1 1i or. 2 for anal ,c._ n
z - at + numdat a + I-.g. ,

c r i n "t s-n r, u md a t i + I a cj

-f nu md-. t a +ia == ac 00
returK.-1 .. -c, r m.aERI e. i t - r om s e t u p

h . ,....,i t h a e t u r, n ci t c -m pr ete *

.+ r, urm d.Rta Ilacj[0] C • 1 nurmd-a t.-a -fil, 2C
--L.a '-

r ,r i n t '+ T F'", 1'3 I t-.l
p r i n t ,: R

-" "-.e S .- e

dar,d.t a I q =., a at o. r, numd_ t E + 1 ;q'
* pr i nt "b-t; o I l t i oln mod e k.,., I be

h i I e ,*p dat; -C 1 I *p:0a t a +1 a

"11 PB

4' . I } I I " I t m I . " ' I ' " I i l l ' l l I I "" ' I i I "I1 i I I 0Ii . . . . . . . .



.>

* rchans *s

. pr i n t+ CLEARSC-:

d o

printf. CR):
p r i n t'Cilecth -n.i Charl ? C o K 1 c a. .1 ,) 
sc an{ f V '.s" n umnct-lan s)

pr ntf +,:' ,n.,r qnurrinch_.n.

if num nchan-.n[R] == ..
retur, n-1) a. abn orma 1 e:: t from .et up

.ok i t h s e t u p rio t c omp e e
S*,n c h a n s = a t o e n u m n h a n sa.)

i + *p rui r .- k 1 *prnch an-s 1)

r, r i n t f -1 RYiAGA I N)%:,
rt p f t CR),

e se

pr. i ntf,:."Dat wi ll be ,c- ol Iected or .d
c h r,-R n n e - ' *i r, c h -. n

',.h i 1 e , c h a nr,s 1 *rpnchar s I 1 ,)

* r d I spch aa ns
r-, r i n t -f (C L EtR-C):

p r t i n t " p-h m hn,1.
A] Ip r. i r, t + "CF, I SQ I 1Za:," h ov., mr a n,', c h a r, n e s. ' I 12.1 "

: arS c an-f s " rurmd dispchans)
pr -tf K ."..; ". r ,numdi spchans:
I +:; nudrrid sp c h.rn s J "Sr e t ur r ,-1 b , r rr, a 1 ex i t + r- cM -se t U p

".' ,. th -=.etup nrot comp 1 e *..
* *p r d i -=.oc, h .. r', a = .; tn oi r, u md -sp c h .a r =.)

"%. :. f'~~*p di pchns . l~ ' , d r isi ~ t, rs : 2
r +< *rrnd E pc h r a 1, prd i s.pc h rn a II

. r + r tf ,: TR",.G I N
-. [. r, pr I nr -f ,:CR):

I-

N'.o ,. %
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el+ '." the # d -Sp a. channel- i= I - 12 *.

pr i n ti "o-u h .e I ec ted *-d channe I f or d i p i a ,
*p n d d i .. 'h s :

-~ + r, *p nci sap cha 9. n > * nr c h a na

r. r t + ,".  rr, b e r- ot D i sp I a:' c h -=k r, r, e I a c ee e d.
'\" ~t he '..n"U"

pr i nt: rurrber o I r pu t charne -. r :
pr n ti i TF.Y'AiNIN.
"-n d i _ pc han . =

h i e : *pndi .r,--a.!h ris. 1 n d i -. ,ch.nr. 12

- rd I = h ars c rs, an

. -, .F ri e 1 r e r- i 1 e *

•d +

c :r i r, C R

. :; r~~~r t r, t + " 3i'e t e L: r, re P , -, l r r:J , .mrne, : e L
,a *l r + .n-

or n t H , c- , i r, c r:

n lip [,+ r l C n C , d , -_ = = 0 :n, - : ::

-re tulirn,- a b . n- c.l-rr,rm . .: i t #r.,,m s e t u p
o-ti .3',~r"h n r = e nrm trn et e -.

, I1:' ' +.+d:Ct e ri' +rli ._ n r -, ct d ,r= M N~t=CN :

r tnir

-o int- r+l a i I r r de r n I " d c, c: =

e' i~ s~# t_ . :, +rE, r rh r +
r i h Pncc.

* rc nd-inp nnacr o et c..taci tnr.
0, . ---' -

-f 4dp.r #n rc.:.== HINiI~I
• 'p

.+." .' .- .' '+ . +. . . .. " .- .: -. : .. .- . . ... ' .' .' .+. . , . . ..n .- +t. -.i .. - - ...

- ++ -,r ,+ < + ..... - +.' "or t- K 'Channei crcler -1-i is * ijra n
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RV W 4 -. j7

/*FILEOUT*/

goc'dfile = 04;
pr in tf (CLEARSC);

dco

pr In tf(CR);
printf("Give the output file name (20

characters max)\n");

*scan+( 'Zs' 4FILEOUT)4
pr Intf( "Zs\n" IFILEOUT):

if(FILEOUTEO) -= 0')
r eturn (-1 ); 7*abncormal exi t from set up

wi th setup not complete *

open and close FILEOUT to test for its existence *

if(( d~open(FILEOUT,0)) 1=MINLISONE)

printf(CR);
3' printf'U'Output file Zs already exis-ts.

4 \.n" F ILEOUT)
do

cir i nitf( Overwr i t e c urr e nt c ortent s
-. Y or N .\. n

sceRnf ( "/s" an sc har)
if(anschar[OJ== '0/'

return(- ): ; * abn ormal ex it +frc'm se t u p
with setup not complete *

o totoe r (an sc har 0))

w,,hi le(anscharc0 ':' & anscharE0) 'n-
* printf(CR);

if(anschar[10J == nD)
* o oodf iIe =0;

"4e else
cuoodf ilIe =I1

e Ise

. ou tpu t f i 1 e does. not ex i st A-i read:.';
don t do an -vt h in *

kQooodile = 1.

'ghilie (lccodf iie )

''4 18.3



/*Session header file*/
goodfile = 0:
printf(CLEARSC);
do
C
printf(CR).
printfQ'Give the Session file name (26

characters max)\n") ;
printf("This file will store these set-up

parameters. \n");
scanf( "Zs" ,SESSIONFILE);
printfC"Xs\n" ,SESSIONFILE).
if(SESSIONFILECOJ == '0')

return(-1); 7* abnormal exit from setup
w ith se tup not complIete *

7* open and close SESSIONFILE to test for its existence *
if((fd=open(SESSIONFILEq8@)) !=MINUSONE)

f
printf(CR);
printf("Session header file */-s already

exists.\n" 1SESSIONFILE);
* do

4'printf(' Overwrite current contents,
Y or N. \n;

scan+f<"%X.s" ,anschar)
if(anschart6>== '6')C return(-i); 7 abnormal exit from setup

with setup not complete *
tolower(anscharf~j);

v1 .while(anschar[6)!= -'x'&& an-scharE6J1 '')
printf(CR);
if<anscharEOi == '

goodfile =0

else
cioodfile = 1;

'V else

7* output file does not exist already;
dont do anything *

goodfele =1;

wh i I e ( oC'df i I e )
p ar ame t erok = sh owp ar amet e r s*p da ta _fI ag. *pn c han s.

*pndispchansqfnchanodr, FILEOUTr,SESSIONFILE);

while(parameterok 1);

1 84



/* write SESSIONFILE onto disk under name given by user */

printf(CLEARSC);
printf("Lriting out the Session header file to %s\n",

SESSI ONFILE).;
if((fp=fopen(SESSIONFILE,"w")) == NULL) /* use fopen now so

can use fprintf to output parameters */

printf("Could not write to Session header file -s\n",
SESSIONFILE);

printf("Parameters for- set-up not stored ....... \n"),

else

fprintf(fp,'M/ d 7d %d %s Ms\.n" ,*pdata_fla,*pnchans.
*pndispchansfnchanodr,FILEOUT);:

fclose(fp) ;

return(l); * setup complete */

int showparameters(sdata flac snchans,sndispchans sfnchanodr,
sFI LEOUT, sSESSI ONFI LE)

int sdata.flag:
mnt snchans:,
int sndispchans;
char sfnchanodr[];
char sFILEOUT[];
char sSESSIONFILEE[2

char anschar[2];
printf(CLEARSC);
printf(" The following session parameters have been

- -' recorded n i

printf(CR);
printf(CR);
pri n tf (" Number of Number of Col l ec t ionr,\ ")

i pri ntf(" Input channels Di spla, channels ode".n"
pr ntf(CR)
printf(" %d "'d .d

snchans.snedispchans.sdata f lao)n;

printf(" Output file",.n":
pri ntf ( "'.n \s". " . sFI LEOUT):
pr ntf(C:R) ;
pr in tf ( " Session Header f i re\.
printf(" .s\n",sSESSIONFILE)n
pr i ntf(C:R)

S..185
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printf(" Channel Order file\n");
print{(CR);
print+(" *.s~n,sfnchanodr);
pr intf( "\n\n\1n")

Ndco

printf("Is this information correct? >- or n \n");
sca-nf ("s"1 !an schar)

wh iIe( an scharf8J I " 1=' &6 anscharflO I=''
&& (anscharE82 'n' && anschar[8J !=N'));

if(anschartO) == ' anscharE0l == .1
return (1):

else
return(-1 )

END OF FILE

18



' * DATE: *
* VERSION: 1.2 *
* TITLE: Initialize graphics *

* FILENAME: initgraphics.c *

• OWNER: BDAS System Manager *
3 * SOFTWARE SYSTEM: MASSCOMP *
• OPERATING SYSTEM: Unix version III *
• LANGUAGE: C *
• USE: #included in cllctdata.c, #includes nothinq *
* CONTENTS: A2123 initgraphics' A21231 initchanorder. *
• A2132 placewindows, A2133 create_segment *
* FUNCTION: This file contains all the required *
* routines to initialize the MASSCOMP *
I*. graphics package for the BDAS. *

18
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* j* *

• DATE: *
• VERSION: 1.2 *
* NAME: initgraphics *
* MODULE NUMBER: A2123 *
* FUNCTION: Uses MASSCOMP graphics routines to

initialize the graphics processor and
* graphics display. Controls the creation *
• and placement of graphics windows ( one *
• * for each display channel),and the *
* building of graphics display segments *
* to dynamicly display collected data *

• * real-time.
* * INPUTS: nchans.ndispchans,fnchanodr.chanorder. *

* data-flag *
• OUTPUTS: chanorder *
* GLOBAL VARIABLES USED: chanlabel, DISPPIONTS, *

* MAXWINDOWS*
.* GLOBAL VARIABLES CHANGED: realxl, realxr, real>b, *
• real yt *

* * GLOBAL TABLES USED: None *
• GLOBAL TABLES CHANGED: None *
-* FILES READ: None *

.* FILES WRITTEN: None *
"-* MODULES CALLED: A21231 ini tchanorder, *
'> :* A21232 placewindows, *
-* A21233 createsegments *

• CALLING MODULES: A212 processdacqrequest *
• AUTHOR: Capt Douglas G. Fitzpatrick *
• HISTORY: *

*********** ******* ***** *** ** ********* ****** ************

/* these globals are used within this file */

.7 int xl ,yb,xr,y-tnull:
int height,width;
int display flag[NDISPBUFFS):,
double realxl = 0.0;

i double realyb = -1 .0;
double realxr = 110.0:
double realyt = 1.0;
int xarray[DISPBUFFSIZE; /* DISPBUFFSIZE is a global in

daadsmnu.C *.

int fb = 1;
char chanlabel[16J.255):
Sn t grax.whi te;
static int mainsegl68J; ./* arrays to hold segments for

graphics processor. 100 is.
arbi trary over-ki 1l *I

static int displayit[1000]:

/ 188
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I /**************begin in, toraph ics

int nchans .ndispchans;
int chariorder(J;
int data-flag;

* char tnchanodrt);

mnt error;
i t intx;
dcouble fx,x;
int i ,xtop;
double j .

mgiasncjp(04 @O); 7*put in main *
mgi fetchc)f( 1 "5x7" )

mgigetvcoor(2.&xl S&yb,&xr,&yt,&Onul 1); 7*coordinates
* for ref window *

ytop = yt:

mc~ifb(1.3);, /* display to both frames *

mgipln(3) ; 7 blank out *
mcjihue(0); 7 the *
mgi box(xl ,xb~xr,yt); 7* screen *

/*set up static and dynamic color hue sets *

7*mQidxndisp(1): *
mgifreesets()
mgi setqual (6.0,1);
gray = mcjistatset(mQtcns("Qray"));.

mgi setqual( (0,1);
white = mgi statset(mgfcns( 'w,,hite")):
ma if+ixse ts()

mgi cm( 1,rrigfcns( "t.dih ite" ) )
mgicm(2,mgfcns("white")):

7/*moi ids(); i nforms Qp0 illi have dynami c
* swi tching of frame buffers *

* 18



/* now determine how many windows from the number of
channels then place the windows */

if(ndispchans <= 4)

heiqht = yt/ndispchans;
width = xr ;
>'b = xt - height;
placewi ndows(3.ndispchans);

else

if ( ndispchans <= 6)

height = yt/3;
width = xr/2;
yb = >'t - height:
placewindows(3.3) ;
xl = width;

-, width = xr:
,"t = >top;

* >'b = >-t - height;
placewindows(6,3) .
width = xr/2;

else

if (ndispchans := 8)

height = t'4;
width = xr/2;
Yb = >'t - height:
placetw indows(3.4).
xl = width:
width = xr;
/.t = >'top
yb = yt - height;
p l ac ew i r, dot,, s ( 7. 4)
width = xl : * return width to size of

each wi ndow */

else

i+f(ndispchans <= 10 )

heiQht =yt "5,
width = xr"2;

b= 't - height;

pIacewindows(3 7 .: .)
xl = width;
width = xr;
yt= -top.

s -. " ?0
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"b = >t - height;
pl acewindows(8,5);
width = xl; /* return width to size of each

window for use in initial izing xarray *7

else

height = >t/6;

width = xr/2;

-.b = >t - height;
placewindows(3, 6)

' xl = width,
width = xr;
yt = ytop;
"b = >t - height;
p I acewi ndows(, 6)

.. idth = xl .* return width to size of each

-1window for use in initiali zing 'array*/

/* endif *-
" .* endif */

-, /* endif */'

/* in i t i al i ze the xarray>' we want the xarray to represent

-. the middle 90"A. of the display window so it will co-incide4 with the display grid also in the middle O/ */

x = .05*realxr;
intx = x =i

DISPPOINTS = DISPPOINTS - (2*int>) ;
fx = ( (realxr - (2.0 * x))./'(float)(DISPPOINTS));

for i=0; i KDISPPOINTS; i++)

xarra>'[iJ = mgrscalex(3,x); /* windo 3 is.-. Sequal to all window sizes *.

x = x + fx

mpln(1); ./* turn off the 2n d pla e *

< .1-)L 1 91
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/* noi create the display grids and label them */

error = initchorder(fnchanodr.ndispchanschanorder.);

if ('error)
C

. mg i hue(3)

for( i=3;i <(nispchan s+3); i++) .* i is bumped by 3
. for the 0.1 .2 system t,,indots we cant use *I/

mci iV( i
mgr I( .05*r.eal -. 95, . 05*rea.l xr .'P5);
morl(.05*rekal>.0.0,.95*realxr, 0.0',

* the tick marks *7

for (U = -. 95;j<.9,;.=i+.19)
Im r I ( .0 5*r ea lxr j : . .*c6* lea xr-, j.,

S..* print channel labels *.
m c r, Qs .410*r eal :xr- 95 ., chan l abe 1 -3) )

-* end for loop for the grids *7

rnci:P:lnI:2) /* a bi nary 10 t.ih ch activates 1 1 ane 2

'1" and deact yates plane 1 *"."

.* create the seqments one for each wi ndow. to be di sp-. .a:ed*7

.. *mQiset(whi te); erasure of previous I ine done by
,, ' . dynamic sets . .

mciibseci(mainse , :1000);

for- i=0; i <ndi spchans; ++.)

create _segment( i;

*_ ....' m gidci,; *.

mgireturn-()

m ci i dsec , ) i

cmc i :, ': d i .. _ i t 10 0 0)

m g a c I. 1 1 (q + ia d d m m a i rs e Q )

r,._:,: o , :3 .m add &mb)_ to+f1 i t (3 ., mm fI_. 3... , : .... this
command does -3 - f+b b ...

'. " * 192~
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mof~oad ~b,mg~reg(,) m ) ) f* b, #b,

1; mcaac'2( 1 ,mc)reg(3. 0) ,mcadd(&f,:b) ) ; *-b + :-b*

mc it wsegQ kma i n secg)

mo4idcsecKa

mceibsece(erid list q2513);

mcaip1 n(2).

mg i dzsegK )

mcq jsegccri t (d ispI ay i t) ; *telI 1 graph i c s proc e ssor
to con t inuousi,, ex,-.ecu te 'd i spi aI t sec~ment *

return(S);

-'.*end it 'error-*

else

mci dleacap(0,@),
re tu'rn rI /*1) i n it cr ap h i cas e rr or *

-~ 7**************end i i toraRph ics ***********
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* DTE:*
E ESI ON: 1.2

* FJAME : ni tchor-der4
* PODLILE N-.U[-BER:A ~21 23 1*

F FUNJCTIOCN: Reads the cha~rire 1 conder -f 1 e CHHN-FI LE *

* t fca obt sai r the us er- des i red crder. ct inpu t
* charrel 1 ] s -o ± or ech- charrel1 . re _.j *

the su.lpp 1 i ed 1label .Chanrel1 r umrber.s r kr*
*twoc d i Qi t lo ran) (01 02. .15). Ch annel

Ii * Rbe Ia r-e a m a:I-K m um r fc 20 r h zr. -ar r.p s
I.. r. iPULTS: CHV44FI LE. ri D rc h arns

* LIT FLITS : c h arorder- , re tur ris :ari e rr ca r c orn d i t i or n 1 ac
G SLOB "",L k4)A R I A'B8L ES UISED:) c h an 1 abe 1 , H I T RETUR L*P.

* 'lLOEAL I aRp I BLES CH~tNJlGED, c han 1 abe 1
* LO)B44L T"hBLES, USED: None*
* t3LOE:H-L THE'LE'S CHANGED: Nore

FlI LES RE(S4D: CHA-AFI LE -cor tai ns the +i1e rame 01 k.Yen*

t hs te u se r
F ILES_ I-RI FTEN : Nore*

* f IDL~bLES CP'LLEca Norcl e4
-ALL It-G NODULES:- 2 2 i n i tqn apt
LIT jTHOCR Ca-pt Doucil as G3. F itzpaztr i ck 4

H I ST OR

ri t i r i t c hcaor-de r-a CHWNF I LE n rd i s-pc h ar s .c h an crde r-

c-h~zr 7H-r-AFI LEE I;
nr t rid i scchars;

jnr t ch ncn den r I

rae -ALIE 100 c

*Char ch~lnnumf.'j:
c ha;r c har. n am [T e~
c h a r 1 i rn e -14WL I N-JE]I
i n ra ,

FILE *ip * *oCperf

* hr tempch ar

ctra:-sr redic ernumnE4J:

~4
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- if((fp=fopen(CHANFILE.,"r")) == NULL)

pr intf( "cant copen chanorder fil1e %s\n".
CHANFILE);

printf(HITRETURN);
s: scan f "c"S&t em p ch a r
return (-1).

el1se

for(i=0;i Kndispchans; i++)

if((fgets~line 4MAXLINE.fp)) NLL)

for (n=O:(l inetn] ') ;n++)
channumfnJ line~nJ;

chanorderE i J = atc'i(channum);
if(chanorderE ii > 15 :;chanorderEi ) 0 )

pr i ntf( "ChannelI number /%,d I n channelI
order" !chanorderf il

* print-f("file out of rancee\.n");.
printf(HITRETJRN);
sc an+ ("%c " .& temnpchar)
return(-1);

n~++,- 7* advance n past the blank *

4for (j=O;(line~n) != n+,j+
reducenum~jJ = line~n];
reduction-countli = atoi~reducenum);
r++; 7* advance n past the blank *
for 01=,:(l ine~n] !-'\n ;n++ 4 j++)
channametjJ = line~n];
channagme[.l = \

4. strcpx( chan label Ci]) channame )

elI se

*pr i n tf ("Not enough channelI numbers i n
c han orde r fiIe\r")

prinhf(HITRETURN);
sc an '"<c" .t emp ch ar)
fcl ose(fp);
r e t u r n I 1

ft lose f+p),

re t ur n () /* noc e r rors i n i ni t ch ancorde r

& ,*4.***************** END OIF FILE ***********.
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OR * .

4 ' DATE: *
* VERSION: 1.2 *
* NAME: placewindows *
* MODULE NUMBER: A21232 *
* FUNCTION: Uses MASSCOMP unique graphics routines to *

S * define and place graphics windows. Each *
j* window will display data from a single *

* ,channel . *
* INPUTS: start - the first .. indow) number to be *

* defined *
* howmany - how many windows to define *
* begining at start *
* OUTPUTS: None *
* GLOBAL VARIABLES USED: xl, yb, width! yt, realxl. *
* realyb., realxr, realyt *
* GLOBAL VARIABLES CHANGED: None *
E,* GLOBAL TABLES USED: None *

* GLOBAL TABLES CHANGED: None *
• FILES READ: None *
• FILES WRITTEN: None

MODULES CALLED: None *
* CALLING MODULES: A2123 initgraphics *
* AUTHOR: Capt Douglas G. Fitzpatrick *
* HISTORY: *

- * *

p 1 ac ew i n dows ( star tq h oman .)

int starthowmany;

Cint i;
for Ci = start; i <(howmany+start) ; i++)

mciidefw( i)
mg ipw( i ,2,xj ... ' vb,w i dth ,yt)

mgrvco r, q realxl ,realyb,r ealxr,real yt);

/*miv(i);
'mgi boxixl >bbti dth ,yt) 1 */

-. >'t = >Yb;

.' ,b = yt - he ight;

return:

: 7*************** end placewindows

'.- 1 96
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Q \"* DATE: *
• VERSION: 1.2 *

* NAME: create segment *

U%?. * MODULE NUMBER: A21233 *Z* FUNCTION: Uses MASSCOMP unique graphics routines to *
* create a graphics segment. Segments are *

U* created and used because of a MASSCOMP *
* feature to constantly display segments *
* independantlx of the host or- data *

* acquisition processors. *
.* INPUTS: dispbuff - integer, identifies the display *
.* segment # *

* UTPUTS: None *
• GLOBAL VARIABLES USED: DISPPOINTS, displaybuff *
; * GLOBAL VARIABLES CHANGED: None *

* .'i * GLOBAL TABLES USED: None *
* GLOBAL TABLES CHANGED: None *

"" * FILES READ: None *
* FILES WRITTEN: None

* * MODULES CALLED: None *
* CALLING MODULES: A2123 ii tgraphics *

,4 - * AUTHOR: Capt Douglas G. Fitzpatrick *
" * HISTORY: *

?. create-segment(dispbuff)

int dispbuff;

mgiv(dispbuff+3)

mgihue(0); /* color 0 = Black *.
ng ibox 0, 1000. 1000);X-. %.~~~~~~ Igt,:' e e l e ~ e e
moihue(3".,

/* put a 1 into the display buffers display flag to shot.,.
being displayed *.

mQaao2(1,mgfl it(1 )mgfadd(&displa> _flag[dispbuff]):,

mgals(mofadd(&DISPPOINTS), mgfadd(xarraY'),
mgfadd(&displa._buf fdispbuffE[0)):

.. * clear the display flao */

mgaaol(18,rngfadd(&display flac[dispbuffi))

- /* end create segment *.

" - 197
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i

-* DATE: *

• VERSION: 1.2 *

• TITLE: Initialize the data acquisition ports *
• FILENAME: initda.c *
* OWNER: BDAS System Manager *
• SOFTWARE SYSTEM: MASSCOMP *
• OPERATING Sy'STEM: Unix version III *
* LANGUAGE: C *
~i* USE: #included inside cllctdata.c, includes nothing *

• CONTENTS: ani tda() *
--* FUNCTION: This file contains a single submodule for *

* inclusion with the DAADS module cllctdata()*

S* * * * * * * * .* * * * * ** * * * * * * 1* * * * * * * * * "*** * - - * * *. ** *.***-- 9**** **

-' 1
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'i

* * .

* DATE: *
* VERSION: 1.2 *

* NAME: initda *

• MODULE NUMBER: A2124 *
$•* FUNCTION: Sets up either the parallel or analog *
• data and for analog open a path, set-up *
* clocks, identify clock frequency. For *
• rmultichannel analogy, set-up two clocks *
* for collection of frames of channels. *
• Currently, analog collection is in *
* MASSCOMP incremental mode (6 ,2.) **

* A random mode is available but fails to *
* work for reasons unknown. *
* INPUTS: data flag, nchans, chanorder *
* OUTPUTS: None *

* GLOBAL VARIABLES USED: NBUFFERS, acqbuff, pinmask *
* GLOBAL VARIABLES CHANGED: NBUFFITEMS, nframes. *
* pathnum, bp *
* GLOBAL TABLES USED: None *
* GLOBAL TABLES CHANGED: None *
• FILES READ: None *

* FILES WRITTEN: None *
* MODULES CALLED: None *
* CALLING MODULES: A212 processdacqrequest *
* AUTHOR: Capt Douglas G. Fitzpatrick *

* HI STORY: *

/* beain initda

in i tda( df l a-i, chans, chanorder )
int chans.dflag.chanorder[];

#define NEAREST 0
#define SQUARE 4
#define LOW 0
#define BIPOLAR 0
#define UNIPOLAR 1
#define SINGLENDED 0
#define FIRSTCLOCK "/dev/dacp6/clk0"
#define SNDCLOCK "/dev/dacp./clkl"
#define FREJ1CLK 156.0 /* change this to change the

analog clok rate */

#define FREQ2CLK 1000.6

double rfr-ames;
double freq.rfreq.wret.bfret:

'-".. 195
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int frtpanel = 6:
int bnearest = 6;
mnt adQIin = 0

i t i-
short cgarray( 16J /* char giain pairs for mradran *

mnt cparravC2J;
int clkpna = -1;
int clkpnb = -1 ;

rframes = (float)caLcbuffsz/(float)chians;
nframes = round(rframes);

/* this conditional statement' makes the number of frames
even. Then the number of i tems coll1ec ted is always even-
a requirement of MASSOOMP DACQ */

nframes = (riframes %2) ? nframes + I ;nframes;:
/*printfQ'rframes = %4.4. nframes = XdI\n",rframes~nframes);
print-f("chans = 4d\n",chans); */

NBUFFITEMS = nframes* chans;

ifc(dflaQ = 1)
/* init parallel paths *

mropen(&-pathnun. "/dev./dacp6/pdi 6" .EXREAD);
mrpdmod(pathnum,pinmask);

el1se

/* init analog, not as simple as parallel *

mropen(&pathnum. "/dev/,dacp6/a.Bdf6" 4EXREAD);

rnirc 1kopn (&cl1kpna , F'IRSTCLOCK qEXURPITE):

if (chans =

mr-c 1k1 cl kpnaL.NEAREST q FREQI CLK .& r+req ,SQ UARE,

mradinc(pathnum,6,1.0 'ad .gain);
mrclktr ig(pathnurn.I.clkpna);
mradmiod( pathnum .61POLAR; SINGLENDE):;

el1se

mrcl1kopn (&c 1kpnb SND)CLOCKEt.IRT)
mr admod( pa thnum BIPOLAR. SINGLEND Ei);

206



/* in it ial ize the caarrax from the cha: order
array *

for (i=8:i<chans~i+=2)

-t cgarrayLii = chanorderf i):
cgarra-y~i+1J = ad gain;

/*rnradran(pathnum, chans,cgarray);*
mradi nc(pathnum,6 !chans, 1 ,.ad_gain);

cparrayEI)= clkpna;
cparray~lJ clkpnb;

mrclk2(clkpna,clkpnbqfr-tpanel ,NEAREST4
FREQI CLK,&freq *bnearest ,FREO2CLR ,&bfret,
chans,LOJ);

mrclktrig(pathnum,2,cparray);

Ca 7*end clock and channel converter initializing.
4 now initialize the input buffer-s. Identify and release

all but the last buffer which is released by the service
routine in cllctdata. *

for (bp =acqbuff(0);bp< acqbuffENBLIFFERS-IJ;bp+= BUFFSIZE)

mrbufid(pathnum,bp,BUFFSIZE*sizeof(short));
mrbufrel (pathnum,bp);

7* identify the last buffer *

mrbufid(pathnum,bp4BUFFSIZE*sizeof(short));

) /***************end itda ************

V '~.J201



#include <math.h> /* system math file */

S W int round(x) /* rounding function returns x as int */

double x;
C

int value
float value2;

if(((value = ceil(x)) - x) < 0.5000)
return(value) ;

e 1 se
return(value = floor(x)):

I)

/*********************** END OF FILE *********************/

020 2
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* DATE: *

• VERSION: 1.2 *
• TITLE: Data collection subsystem *
• FILENAME: collect.c *

* OWNER: BDAS System Manager *
• * SOFTWARE SYSTEM: MASSCOMP *
-•* OPERATING SYSTEM: Unix version III, release 2.1b *
* LANGUAGE: C *

• USE: #included in clIctdata.c. includes nothing *
-* CONTENTS: collectdata, para collect. analog collect *

* FUNCTION: These three routines to the actual data *
• collection for either analog or parallel *
• c ollection. They control the input *
• buffers, display buffers, data reduction *
* and storing data to disk. *

'L0,
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DATE: 1

L.'~ERS ION : 1. 2*

* NAME: collectdata
* MODULE NUMBER: A2125 *
* FUNCTION: Opens the output file FILEOUT. If cant *
* returns error messaQe then branches back *
• to cllctdata menu. Starts the data *

*transfer based on data-_ flaQm 1 =paral lel*
* (digital). 2 = analo mode of transfer. *
-,* INPUTS: data flag *

* OUTPUTS: None *
* GLOBAL VARIABLES USED: FILEOUT, pathnum. NBUFFITEMS,*
# * SNOOZE *

* GLOBAL VARIABLES CHANGED: None *
• GLOBAL TABLES USED: None *
% * GLOBAL TABLES CHANGED: None *
", * FILES READ: None *

• * FILES WRITTEN: None *
* MODULES CALLED: A21251 para collect, *

* * A21252 analog collect *
* CALLING MODULES: A212 processdacqrequest *
* AUTHOR: Capt Douglas G. Fitzpatrick *
is * HISTORY: *

, *

#define TIMEOUT 6000
#def ine PMODE 0644
i n t f ou t:
n- t i, z:

int ripple _flaQ[NDISPBUFFSJ
double data scaled;
short int data i tem[12J
int buffptr:
char stopcharE2);

" nt primreduce;
int write flag;
int *bp2.*bp3;
nf endcount;

. n t done;
int f r. amec han s;

collectdata(data flao)
irt data- flag;

#define TRUE 1
#define FALSE 0
char tempchar

2034
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extern para collecto;,
-~extern analoQ-collecto;

done =FALSE;

tlri t e fI aQ 0 13; * st as t s by rnoct tkjr i t ig to
f ilIe F ILEOUT*

if ((fout = creakt(FILEOUTqPMODE))= -1)

prirt-f("ERROR. can riot open output
*file "/.'s.xfl ,FILEOUT),

pnintf(HITRETUIRN);

i~~~~ +e a t n = I/ -kI itaId t-

f Knchans == 1)

nfrarnes = 6;
nchans =2
-framechans = 1;

elIse
framiechans =nchans:,

endcount = 03:

rrx iriq( paz.ttnum.NBLFFITEMS~endcount.
para col I ec:t)l

do

printf(,.CLEARSC)

sleep (1);
lr i ntf ("(,l -Se i ns/ends AlItInK '

pnintf("0 -Quits data collIec t ion se s .i nn--..n
i f 0.r i te +fIaQi)

-p In tf+ ( "wri iqtcdsk f ilIe s\ n F FI LECIUT)
- sscanf(""%.s stopchar.)
- A if(stopchar1J= stopchar 13) 'W-'

w,,r ite flao = (write flaso == 1) 0 :I
f'stopcharLC 1==q s top c h ar Ll) 0 1 Q

done =TRUE;

t)hiI e K done.'
4..~~~~~~~ wrt -la ;7*tos...ntino to, disk'*

/*rr euw p at hrn * C' *TIr'MEi UT) j *

00



7* The .above command tel Is the data

.: ..',acquisition program to 'Ivait until the

.. .- data transfer to the storage device is
complete *7

mQ ihaI td isp(3)•
M, 71 m seQ enu . i t;';

. riQiwsec(erd ist);
-- for( =; <l6;+i+)

datai temcount[ i J 0:

sleep(SNOOZE*2) .
close(fou t ;
./*mrstop ( pathnum 1 ,terrr.tat ) ; *

..* The above command is normally used to stop the data

- tr ansfer. however i t w,.as not i rnmr I emen ted 'A,i th the

-r current sof tware version (see Sof tware Release Notes.
-- DA/CP Sof tw are Li brar" Release Notes, pagie 12) . Normal 1

it must be done before the data acq devices cane be

cl .osed. termstat" in this pgrn is a dunrm ,. variable. *.

. mrclosal 1 ()

,";... mji deacl,"ip. 8

printf("Leavi no DAASn');
exit:l);

else .* If data flaci = 2 (analog data.) *.

" if,"nchans == 1)

nfrarnes = F6;

" nchans = 2;

framechans = 1;

.. '.te I s e

framechans = ndispchans;

endcount = 0:
mr x i n q . path nurn, NELIFF I TE 'l-I. en dc CU n t

anal c ,-,coi 1e c t :

d C,

pr i n tf C:LEARC C
sl eep, ( 1;

pr intf," . -E e inins."'ends 'Ari t in q"n"
Pr i n tf n "C! -Cu i ts data col 1 ec tion s.es.=i on'..n" f

CN&
.2

U'
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i f,..ri te- flag)
- nirtt,';"wr.i tinq to disk file 5 l

FILEOUT)
s.c anf " s" ,topchar,
i +(.t opchar-CO I == " : s pc h.r ) == .",. )

-t r i t e f 1a =-a ,..ri te f Ia.o == 1) ' : 1
.. f(stopchar[C ] == ! s top char [) == 'Q )

done = TRUE;

.h 1 e ( done)
wr ite e a = 0 /* stops .,r'i tingo to disk *

mgl hal tdi sp(3)

mg i tisea end I ist)

for- 0 i 0; I <1,6; i++)
, data i tern countE i] = 0:

sleep, ';NOOZE*2)
close fou t)

S....*rrst op , pathnu 1 , terrnstat ) ; , see the
* comm en t a.bove r e oard i no t h i _- mmnd *.

Sr, rc Io-,a l 1,.K*) ,
rnoideagp'1,,O ):

pr i n t -f L e a i na DAA D S.. n
. ex it 1. I

end collectdata *******************-*-*

' %%
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.,* ** .********.4.44. .**4*** 4* 4**** 4 +.+* ** * *.- * * * ** ***4. ...

• E*4 T E

* DETE •
ll/" ...'.EF5"- I -I'M: 1 .2

* r-.trIE : pa _ .r cc oIcec t *

* 'liU1LIL NUIBER : 21 251

FUICT IOA-N: Frr ,, c the cc,1 ccted c . i R 1 at.. a t
* *S epa;r ates channe=- in to di -.p ,a- buffer- *
* ..hI e doin data reduct ir, ..."richars.,

I; e -d .; t a for. di . i a:s .rr i t e.r- I . cci I ec ted

* data to FILEOUT. This rout i ne is cal 1 e .1

tr,-om i rnsi de a CA../Fp rou t i ne mr-iinq *
* tJhene')er an inputs buffer- is. fi i led.
* I NF _I FS: None

ILIT PUT S : Non e
* GLOBAL .ARIAE',LES USED: p athium, rf#rame. NEUFF ITES.;.*
* Lip. rchar.-., rdiis.pcharis., fc'ut,*
* ,DISPPOINTCS, FILEOUT,

* di s p 1 a- u. *

GLOBAL ''tARIABLES CHANGED: fo ut *
* LOBAL TABLES LS-E,: None
* * 'GLOBAL FABLES CHANGED: None *

4' F FIL ES REA D V"-4o n e

* FILES IRITTEN : FI LEOUIT
* ODI LES CALLED: None *

* ALLING MODULES: A21 25 col ec tda t.a *

* i-THOR: L-apt DocQIl as G. Fi tz ptr ik
(AP HI STORIY:

car . Lc c, I ect,.

n t J mr $..
hir. t dt _ temp

ur, _ i 4 n e d s h o r t c h a nurirUi;

mrbutr e I, .thnum, brp.'

* r L u f _. t t urh n u mp b p

buff:ptr R

+f cr :i- n r rames k+rn c han s.

+ : J1a + mech.arin.; T++

crriu rip utt ] I I1I *ms
C B h ri r, n UT M b, p C b, u +: + p: t r- I CJ. 0 . f:# -1 P: ...

,..,.i th .i i rIt b te 101 iialue '.-

barrum = n u ri iu 2
m rh.mn rum:

*if '# K:r rid7 n i spchr- :n

-N.0,

o. .



/* scale data and place in data. item for placement with
display .buff *.

' iftdataitem count[rrl >= reduction _count(m]-1)'4

data_ temp = bplbuffptr] & OxOfff;
data_temp = 2048 - data_ temp ;

data scaled = ((float) (data temp)
/2648.) :

a r* parallel in from CIM is unipolar from 0 - 4096 values!
2048 minus chair input brings input betw.een -2048 and +248

then di.ide b,. 2684-.6 to scale d.;ta into the display
wi ndcl.. set at a relative -1.6 to +1.0 in y-plot values.

,-'N Offset of .95 accounts for margins in the grid plot. */

* datai tem[m] = mrscale .,((m+3),
(.95*data scaled>);

,fl

"* ripple this buffer dont worry about graphics accessing
buffer at same time. The more channels displayed the
less likely to happen, since more channels slows down
the graphics processor *

ki pbp2 = display _buf[m]:
bp3 =bp2- +1;
for( i=0; i <DISPPOINTS-1 ; if++

*bp2++= *bp3++;

..A displa> _buff[m][DISPPOINTS - 1] =
%'-" data item[m];

datai tem_ counttm] = 0:

else

datai tern co untLmI = datai tern countm] +1;
- .. * end if data count *.

>4 ', . end i f m< nd i spchans

'V<:
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buffptr = buffptr + 1:

\' )3 /* end for J *

/* skip over frames for data reduction. Number of frames
skipped = nchans - 1. Means if have 5 channels per frame

first frame processed by J locop then skip 4 frames. */

buffptr= buffptr + (nchans*nchans) - frarnechans;

}, /* end for K */

/*trite buffer to output */

i f(wri te _flacI)
if (iAiri te(fout,!bp,(NBUFFITEMS*2)) != NBUFFITEMS*2)

-"t' pr intf("ERROR-can not finish war. i ting to

output '0
printf("'4s \n",FILEOUT);

l sleep (SNOOZE)
return;

) .. * end para collect */

.'
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* DATE: *

* VERSION: 1.2 *
* NAME: analocjcollect *
* MODULE NUMBER: A21252 *
* FUNCTION: Process collected analoc data. Separates *

'N * channels into individual display buffers *
* .,Jhi le doing data reduct ion of ( 1/nchans) . *

* Scales data to fit into display. window. *
r* r i tes data to output file FILEOUT *

" * INPUTS: None *
* OUTPUTS: None *
* LOBAL VARIABLES USED: pathnum, nframes. NBUFFITEMS. *
* bp. tout, DISPPOINTS, FILEOUT.*
* ,nchans. ndispchans. *
* di spl aybuff *
* GLOBAL VARIABLES CHANGED: fout *

GLOBAL TABLES USED: None*
* GLOBAL TABLES CHANGED: None

* FILES READ: None *
* FILES WRITTEN: FILEOUT *
* MODULES CALLED: None

CALLING MODULES: A2125 collectdata *
* AUTHOR: Capt Douglas G. Fitzpatrick *
* HISTORY: *
4* ***********X* -************ *.

analocg_col lect()

int KNX; .. counters *7

f ( done) * do the whole thi ng *

mrrbufrel (pathnurr,.bp);
mrrbufget(pathnum.O.&bp):

.. f* for i= :i<NBUFFITEMS; i++)

pr i ntf, "bp [ Xd] = %d'-.n" i ,bp[ ]): t.

buffptr = '3:

for (:GK= : K.Far.names. : K+=nchan.'

fofor (:H=O :Nt +r-amec hans ;r.+ +

i ,:.datai tern count [N] . reduct ion count [N]-1:,

data sscaled = ,:,(float)
S'bpbuffptr.J]), 2048.0):

:! '" 21 1



.* divide by 2848.0 to scale data because MASSCOMP
.. automatically in bipolar mode converts a +5v -5v, 10volt

p-p swing (4096 max) into +- 2048. the offset (.95)
accounts for margins in the grid plot *.

data i tem[N] = mgrscaley((N+3),
(.95*data scaled));

.7* ripple this buffer dont woiorry about graphics accessinQ
buffer, at same time. The more channels displayed the
less likely to happen. *7

../* pointer. method *"I

bp2= &(displaybuff[N](0J):
bp3 = bp2 +1;

for(i=:Oi <DISPPOINTS - I;i++)
*bp2++ = *bp3++;

display_buff[N][DISPPOINTS -1] =

* data i tem[NJ:

datai tem_, count[N]= 0:

else

dataitemcount[N] = dataitem countN)+1:
} .* end if data count *.

buffptr = buffptr+l;

Jc .* end for N< ndispchans *.

./* move buffer, pointer- beyond r on-displaxed channels
and skip some frames for data reduction. Use only
ione fr-ame ot nchanne 1 frames. i .e have 16 chan per

frame, use every" 16th frame for display *7

* .- skip over frames for data reduction. Number of frames
skipped = nchans - 1. Means if have 5 channels per frame
first frame processed by J loop then skip 4 frames. /

buffptr buffptr+(nchans - framechans)
+ nchans*ncha.ns) - nchans:

.* r fb, fb ,:- f b

l ."* end for K<nfrarmes *.

' - :::2
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/rite buffer to output *

+' Y~ wr ite -fIacj)
if Cu'tr ite(fout.bp4 (NBULFFJITEMS*2')) NBL'FFITEMS*2)

pr intf(,'ERROR-ca rnot finish w.-r i t in tc'
output")

printfQ'Zs '\n",FILEOUT);
s1 eep (SNOOZE)
re turn;

e n* ed an aIog-- col Ie c t

/************** END OF FILE **************
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* DATE: 7 October 1985 .
• VERSION: 1.2 *

,,* TITLE: Extract single channel data *
* FILENAME: extractchan.c *
• OWNER: BDAS system manager *
* SOFTWARE SYSTEM: MASSCOMP *
* OPERATING SYSTEM: Unix version III *

, * LANGUAGE: C *
4 * LISE: #included in DAADS main module inside file *

* daadsmnu.c
* CONTENTS: A22 extractchan. A221 presentextmenu. *
• A222 doextraction *
* FUNCT I ON: *

• This file contains the Extract menu. It drives the *
* Extract a channel subsystem. This is where the user *
•: * can extract from a file a single channel and store *
* that channel into a separate specified file *

* ** ************************** *

* ******* **'**** ****2**14 ******* 1

.1*"L: , '



* DATE: 7 October 1985 *
• VERSION: 1.2 *
• NAME: extractchan *
• MODULE NUMBER: A22 *
• FUNCTION: This program is to extract from an already *
• * created binary D/A file, a specified *
• channel. After extraction the channel is *
* displayed using graphics routines and then *

* w,.r itten to a user cji en output file. The*
Su.tprogram repeats until user wants to stop. *

* INPUTS: None *
• LIOUTPUTS: None *
• GLOBAL VARIABLES USED: CLEARSC. HITRETURN, TRYAGAIN *
* GLOBAL VARIABLES CHANGED: None

,5'.. * GLOBAL TABLES USED: None *
E<* GLOBAL TABLES CHANGED: None *

* FILES READ: None *
• FILES WRITTEN: None *

* * MODULES CALLED: A221 presentextm, A221 doextraction *
• CALLING MODULES: A2 processmainrequest *
• AUTHOR: Capt Douglas G. Fitzpatrick *

HISTORY: *
i~'* *

#define EEXIT "2'

extractchan( )

char ans.erf 2:
char temp;

do 7*dc the extraction whi le the answ-er is not
EEXIT ,2) */

pr i ntf(CLEARSC:):
presentextractm(0 : /* present the menu */
scanf K ""s",.answer'
temp = getchar.); . resets the buffer *7
swi tch answer [ 0

case 1" *

arnsler (0) doex traction,)

2115
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case EEXIT:(
break:

default:(
printf(TRY6AGAIN);
print+(HITRETIRN);
scanf( "Zc",&temp);

tsjh i Ie 'an swe r(10O) =EEX IT)

printf("Goodbve'*-n"),
sI eep(SNOOiZE);

3 /************end extractchai ***********



....*********. *******, .' ******* ****** * ******** * ********

* DATE: 7 October 1985 *
* VERSION: 1.2 *

* NAME: presentextm *

* MODULE NUMBER: A221 *
$•* FUNCTION: Presents the DAADS function header *
• INPUTS: None *

* OUTPUTS: None *

* GLOBAL VARIABLES USED: afi t.sxsrameextrkmnu,CR *

* GLOBAL VARIABLES CHANGED: None *
* GLOBAL TABLES USED: None *
* GLOBAL TABLES CHANGED: None *

* FILES READ: None *

* FILES WRITTEN: None *

* MODULES CALLED: Non e *

* CALLING MODULES: A22 extractchan *
* AUTHOR: Capt D:,ouQas G. Fitzpatrick *
* HISTORY: *

#define qlextract "1I) Beoin extraction",n"
#define q2extract "2) Exit to main menu\n"

presentextractn>)

print-f '
pr intf.afi t);

print+ "'
print+fsysname),:
print- f '" )

r r ntf' e>. trk*mnu.
pr intf(CR)"
pr intfJ CP:;
pr int-f "Please e::<ami ne the menu bel ow and indicate the type

of operation\n") ;
pr i ntf you w i -_h to perform. ",,n")
pri n tf CR)
pri nt+ (" Ex tract Si nile Channel Menu: 'n )

* printft.CP.':

pr i n t + q I ex tract):
pr int f. q2ex tr c- t)
pr. ntf (CR)
pr ir tf CR,
pr nt-fCR):
pr int-f '"Please indicate choice b: typing in corresponding

number above :

4.. ***44.4-.- 4** end presentextractm ****************y
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- " ~~~/.** *************** *********** **

* DATE: 7 Octob-er 1985 *
* VERSION: 1.2 *

* NAME: doextraction *
* MODULE NUMBER: A222 *

* FUNCTION: Separates from an existing binar., *
* multi-channel file a single channel of *
* data. Wri tes to a file the separated *
* data. User choses to displa:ov data during *

'':* extraction or .ust extract. *
"' * INPUTS: None *

.*., * OUTPUTS: None *

-. •I * GLOBAL VARIABLES USED: None *
* GLOE:AL VIARIABLES CHANGED: None
aJ* GLOBAL TABLES USED: None *

.-- * GLOBAL TABLES CHANGED: None *
* FILES READ: Binary file containing multi-channel data*
* FILES WRITTEN: Binary file containing single channel *
* da ta *
* M,IODULES CALLED: None *

* CALLING MODULES: A22 extractchan *
* AUTHOR: Cap t Douglas G. Fi tzpatr ick *
* HISTORY:

int doextrtct i on( )

#define FLBUFSIZE 6010
#define BUFFSIZE 600

.'"# fdefine MAXCHANNELS 16
#define MINUSONE ,-1)
#def ine BLANKS;
int fcount = 100;

int di s-=-,coun t

Icfloat :.arra>' [100 1
float yarra-'yCBUFFSIZE)

'11 , Vr " float *a dy.rr a:
double x ,fx,-;
double rbuffsize;
short datamask:

" nt xl ,>'t.xr.,b,nul I
in t ft , channum. D ON E;

%
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char data ir file[30@]data out fileC:3@];
short int gpbuff[BLIFFSIZE] Ajri tebuff[BUFFSIZE];
i nt nchan:
static short 1i lebu+[FLBLIFSIZE * MAXCHANNELS] :
int c;
int ENDFILE = 0:
int bufferflao;

char anschar[2:
i n t j. i

int modeflaIg; /* to tell if par.allel (1) or analog ,:2) */

Sn t first =: * if first time in prograrn or not */

float m;
tnt court, count2;
i n t vunum = 2;

nt fp rin.fpout "* for. use v)i th read and writc *...

" n t nb , t e s., da t a_ i t em s:

*********************** ,beg i n doe.tr-ctio ********************

'...* Ir i tial ize qraphics. files, 1hot many channels per- ho,,
mar ::. frames */

D ONE = 0; /* flag to let user quit *.

.* ciet info from user */

pr i ntf ' ....O 3E"..n")
p r ri t f ( 0 \0 :33 [ 2J.. n
pr itf("Before contirnuirig I need some information

from You .. n"..,n " ) ;
pr- ntf "Th is procrram reads from an EXISTING bi nar" f i Ie,

displ.ays a "..n);
pr intf' "selected charnel , then wri tes that chantrnel

information to a \n :

printf'"given output file.

mci asngp( , .0 ::
mo i cie t c oco r- 2 ,&-: 1 ,&: b .&x r ,&.'t ,&ru1 ): ,"* e t vi ir dou.,

coor-dinate.s for scal inoi *..
moicgpreol ,@)

rr, i d e i-. . :' ;
m Oi p,,, k. 3, 2.x I : b .: r..:- t
mor- .) c oor .3. .0 , -1 . ,10 . ,1 .0) 

,i,h i I e (DONE == 0

% % %
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"A.' iI

S...'* this user informatior i. inside a lo op because i t i s

needed for euer-v e.::traction *."

pr i rt-f( I need from .ou the fol I ot,,in : . n " )

d o

r pr r t- + ' The number of ch nnel s or i Qi nI I
col Ic ted (nchan..) ")

- printf'" (Refer- to the sessio or -r set up + i e i +
not sure . );

s-c an-f ( . d" .-n c h an )

A. + (. n c h an 0 n c h r i n .. MAXCHANNELS) .* if a.n
i n ' a 1 i d r e s p o n s e i s o i v e *

pr i ntfk"".n I 11ec a1 aue; the number c-f channel s mus t
be bet,een 0 and ;.d i n c u s i v e n" n c h a ni

w h Ie, nchn 0 0 , n c h ari MA<CHANEL)
do ...*keep loopina until a .al id response is ,Qi v.en

pr nt-f' The channel number to extract

(00 . . . nchan : ")
pr i nt-f " Reter to the channel order fi le if nc' t

sure. "n
s,> = c .an + , -..d c'

i f c hannum < 0 -n-han

pr.int-f,. ".nIlle al value: the channel number must

be betteen 00 and '...d inc lusi ve.\.n" ,nchan) )

1j, e (. c h an n um I channum nch.n

i i r- -s t 2nd or more t ime thr ouch prooram * .

do * keep 1 oop i nQ un t i I va i d r espon se ' .cr n) *-

p ri n t f n-..nI- input file the same? - cr, n
-- '.an f, " s" . an sc har.

,:f,,s.:har[0) = ' &. & anschar-CO )
c:, Ir int + <..n I I 1 ecal response: ansV,1er .- or n

( 1 o er- :s-e.) . " c s .

u-k.h I 1ei rkischar(O) 1= && ans-char[OJ 'n
-A.

C
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if +-szt .nscha.r.[ = n<) * irst time in th i.

proqram, ,r a d iffer ent input file *

p r intfI" Plea.se i ,e the EXIS-;TING bi nar-Y- input
f i na r,.I.me:

S:s a n fd a t a. i n f I e)
+ tirs. t 0:

fp in =open,.dt. in, t_ file- .I ) -* e - reads *7

i ( f p i n == MI "..*JUSONiE )

pr, ntf( "Error in open i n ; n
data in -fil e):

mai deaop )
r et urn , : n..** r.etur.n to e:.:tr..:ct menu*."

r. in tf+"".. Fl ease iive the output file na.me: 
sca.nf( "s*da t-a o ut f

fpc, ut =c,':pend atat a out f i le1)) -1)

"- fpout = creat,(data out + i I e C17,6) : .* Create the
data output -fi l e

f c , f c, u t == I ,i ON.J=;1E )

pr i ntf( "Error. i n o per, i rg ... .n

da t a. o u t f i 1 e
m,- i de g , r
return 1 )

d c'

printf': "r .n I s. t he e i npu c-i lect I Ie e l e d a 1 e I
, ,".lioi tal ) (:1) or anal oc,'2.

s cln f >di ,c rode f 1 s)..

v'h I e K odef I Ro <:r, r, cdef+ I ac a

S mc e -I a 1=
datam.k = i0:,-0 .. pa ral It r i c s + + chann

r hedec-r 1L *

datamask @

L 4 7 .

P 221



¢2-

I n i t Qr..aph c- s

r Q 1 rlK -i r. * e r -,i e all p1 aries *s .

rm,, o1ear p 1 n: 2 -1 0):,
rQi he (:3

rnQ i p1 r n 1
rn i v (:3 :

mar- I(.0t5.- .55. .05. .5.5.

.7 -

m [) m r. 1 ,:.0 5, -. 0 5 0 0,.9 :
+ or .05.0 .5 .'5,0 .0: :

~rnr, grl: .1215,m, .06,,m.:,)
ton,-r rn 0 .0 : <i .P ;rrm rn+ . .. "
foclr mr= . 0 m<. mr=rn +.9:

mrql K .05.rn. *0.rmn

rr pn,.2s * di..a I e =. t h e fir t plane to -all
h a re *

- but +iz- =EUFSF I ZE * 1.0: to m..e b'jffs ze r.e al
f 0 r .irbu f + ize,
for' =c.four, t :j=j++

:z a rr- E . J
*m rn=s.: c (::'

mri i + t, )

ec ' . t 'wes. =re kd( fp r- b +1i +u F FLE:UP1SCI ZE rch a~r n )0

e f tc the c j c, onra p h i c an d 'i t ri noj*

ri"t= n b t . " 7. , ._,c B ::: L',:.:: ...
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,* extract the channel from the file buffer *7

if(count2 > 600)
count2 = count2..nchan, /* do on lY 600 max

for graph i cs or do up
to what ever count2 is *.

for(count=e;count < count2;count++)

ijri tebuff countI = fi lebuf (count*nchan)+channumj

gpbuff[count] = vr itebuffIcount] & datamask;

"(float)(gpbuffccount]))/40?5;

Yarray~count) >

/* count no, contains the number of i tems in the
Qraphics buffer count is <= 600 wi 11 scale only ." the

number of points obtained. except for 1last of file
this number should be 600. *7

for(adyarray = yarra.,dispcount=:
( ad'ar r ay K &:, ar r ay [ BUFFSI ZE-fcount-II

Sadxarra. +=20.dispcount+=20)

.,.hhi le(bufferfl a = 0)

bufferfl g = 1:

mor I s. fcoun t , x .r r a.rra- ,_Ad::,.r r a':,.)
m iflb(flb :3-f b: I
fb = :3 b
r~*m i clea r pin,(2,2.0);
mna.aoI 18 mof .dd(&bu ff erf 1 a)

S i r, i te uri tetbuff tc, the dat. a .out fi 1e ..

i te(fpout *w..i tebuff, (BUFFSIZE * 2):

. ,. * end Whil e no,,t EN.DFI LE *.

'-223
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7* close the files *

clIose (4fpi n ),
close(-Fpout)

ENOFILE = 0; 7*RE SET THE END OF FILE tP1ARRER *

pr intf( "kIoul d -You like to do another chat??
I Y o r 2= N \n n

scn( Z" & i(.i == 2) N)

--"V DONE = 1z

DONE = C1,7 dont stop *

pr i rn t- ( \033E'\n "

e n/ d Li hilIe n ot DONE *

mcjiclearplri(2q-1.0):
mgideagp()

return('2).:7 normal return value to to
e-/it menu a-lsoc,

- ***********~**end doex--tract icon 4* +4 **4 ***

------------------------ ************ END OF FILE **********
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'V

* *

.* DATE: 7 Oct 1985 *
VERSION: 1.2

* TITLE: Replay collection session *

* FILENAME: replay.c *

• OWNER: BDAS s ystem manager *
" * SOFTWARE SYSTEM: MIASSCOMP *

.- "* OPERATING SYSTEM: Unix vers. ion III
* LANGUAGE: C *

• USE: #included in DAADS main module inside file *
• ldaadsmnu.c
• CONTENTS: para display, analog display *

"'- * FUNCTION: This file conta ins the menu to drive *

*':'i' * the Repla., subs.'vstem. This s>"stem wiII *

a] * ow the user to reptay data pre,.i*ousl -
*,'z," .=.tored to the or'aphics monit or.

.
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. * DATE: 7 ct 1985 *

-. "' * VERSION: 1.2 *
• NAME: repla" *
'"* MODULE NUMBER: A23 *

-* FIJNCTION: *

c-v.-. * INPLTS: None *
* OUTPUTS: None

-'rC * GLOBAL VARIABLES USED: CLEARSC, HITRETURN, TRYAGAIN *
I* GLOBAL VARIABLES CHANGED: None *

i • GLOBAL TABLES USED: None *
• GLOBAL TABLES CHANGED: None *
• FILES READ: None *
• FILES WRITTEN: None *
* MODULES CALLED: *
• CALLING MODULES: A2 processmainrequest *
* AUTHOR: Capt Douglas G. Fitzpatrick *

--* HISTORY: This file was copied from Fitzpatrick's *
-.* "Thesis Catalog Backup - 12 Dec 84" floppy *
.* disk by Capt Jarvis on 2 6 Sep 85 and *
"'-', * immplemented in the DAADS proQram *

#define REXIT '2'
repla-()

char answ.-,er.[2)
char temp;4 do

printf(CLEARSC)
presen trepl aym( ) :

. . s~canf:(".Z's",answer) ;

'Ct. temp = getcharo;
sw i tch (answer £0)

Sr

( ~.'. ,case '1' : C

answer [(1) = doreplay(')

case kEXIT : {
break;

defaul t: C
c, r i n t( :TRYAGA I N)
printf (HITRETURN)
scarf("Xc &ep

., .\. t.l-i 1 e ': anrs.,..er.[0] ) =RE:<IT)

p = 1 e S ,NOO-;..lZiC E)7,

return ;
czi ."* end replay *.

,..?.-. - -U * .% ' *'.. .
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* DATE: 7 Oct 1985 *

* VERS ION: 1.2 *

* NAME: presentreplaym *
.-* MODULE NUMBER: A231 *

* FUNCTION: Presents the DAADS function header *
* INPUTS: None *

• OUTPUTS: None *

• GLOBAL VARIABLES USED: af i t , s. snarne ,rep] ayrninu CR *

• GLOBAL VARIABLES CHANGED: None *

• * GLOBAL TABLES USED: None *
• GLOBAL TABLES CHANGED: None *
• FILES READ: None *

• FILES WRITTEN: None *
• MODULES CALLED: None *
• CALLING MODULES: A23 repla:.'
• AUTHOR: Capt Douglas G. Fitzpatrick *
• HISTORY: *

• *.** ******* ******* ******* *

#define qlreplay "1) Begin replay\n
#define q2replax. "2) Exit to main menu",.n"

presen trep I a:. rm
Fr

print+(" i):-. pr- i n f (f it.).;. " " p r i n t + ( ;-.+ i t ':,

printf(" ' ;)
p r i n t f (ssn ame).. ~~~~ pr i n t f, -. ,n.e)AIpri nt f .... ) :

pr intf (replymnu.:
pr- intf(CR):

'-- printf(CR)"
r "pr ntf ("Please examine the menu bel ow and indicate the'.n") :

* "-. 4 pri n tf( " type of operat i on you w i sh to perform. n
pr intf(CR);
p i r i ntf " Repiay pre' ious. col lect ior Menu: r, :

printf(CR.;
pr ir ntf ( q Ir ep1 ap
pri r tf ( q2rep 1 a'.:
printf(CR);

-. pr ir, tf ( R), :
- p r i r tf : CR,

pr in tt "t P eIe .se i r, di c._a.te , ho i ce b,. t .', i r,,q i r
printf, "correspondin_ number abo,,e:

. end presen tr e Iax */.

.. ,
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DATE: Oct 185*

* VERSION: 1.2 *
* NAME: dorepla> *
* MODULE NUMBER: A232 *
* FUNCTION: Replays off-line. biophysical data *

• * previousl> collected. *
• INPUTS: None *
* IOUTPUTS: None *
* GLOBAL VARIABLES USED: None *
* GLOBAL VARIABLES CHANGED: None *
* GLOBAL TABLES USED: None *
* GLOBAL FABLES CHANGED: None *
* FILES READ: Binary file containing multi-channel data*
• FILES WRITTEN: None *
* MODULES CALLED: A2123 initcraphics, showparameters, *

Nt  * A2321 par display, A2322 analog display. round *
CALLING MODULES: A23 Repla*

• 1-, * AUTHOR: Capt Douglas G. Fitzpatrick *
•'4, * HISTORY: *
* * *

int doreplay()

#define BUFFSIZE 215

i. int rnchans;
i int rdata flag;
int rndispchans;
char rchanodr[30J;
char rfilein[30]
int chanorder[16)
int NBUFFITEMS:
i n t n f r ames;
int calcsize = 192;
i int n bytes.;

short inbuff[BUFFSIZE];
double rfrarnes:
int fdfdinfile;

FILE *+pses.si cmn.*fopen() ;
char session file[0:
char tempch ar ;
int frarechans;
i n t pararr eterok;

J :I. ::>

wP"

--I-
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/* ********bepin replay********

4% 7* get session header, file name *

do

printf(CLEARSC);
printfC'Please give the Session Header file narne..n");,
sc anf+( "Z/s" se ss ion f ilIe)
tempchar =getchar;

printf("Lookino for s .r -C' ,ssi on-- fIe)
si eep('SNOOZE);

if0$fd =opent~sess~ion file.E1)) == MINLISONE)

pr intf( "Sessi on header- file 'Xs does rnot ex ist .\-n"
sess ion- filIe)

prin*-f(HITRETLIRN).
scanf' ,c",.&terrpchar);
return( 1);

*el se *read the _=esio reader f+ lIe

S :1oseesessio or filIe)~
fpsession = fopen(sessionfilIejr) 7* use

I fopen so can use fscanf *

fscarnf~frsessionJ",d '"d '>Id Xs ',/s" .&rdlataf+Iac.
&rncans&rndspcans~chaodrrf ilein.):

pararneterok= sho'..parameters(rdlata _fiacj,rnchans.

rndispcharis,rchanodr,rf i lein,session f ile);
/ * note: show.,par-arneters is defined in A"2122

nteracti ye _setup *

P, Ah il1e(parameter-ok '= 1),

../*check' for- file existence - input fi le~chanelordler fi le*/

c* caIclIate the number- of buff items *

rframe-s = (float)calcsize./(float)rnchanis;
nfriemes = round(rframes.);
nframes = nrfr-amres 2) nfrares + I :nframes-:

rJBUFPITEMS =nfrEames *rncbans;



* open input fil

* f+"(+di nfile = open(rfflee n .0)) == MINUSONE)
C.

printf("\nlnpiut file %'s does nc't exist ".rfilein);
printf(HITRETURN);
scanf("Zc".&ternpchar);
return( 1):

else 7* read file ,dco replay *

initcjraph ics(*rnchans *mi spchans , rchanodr * chanorder),

7when only have one channel need to adjust display to
th ink i t has two channelIs , th is i s to keep a clIean di splIacy,,

-, else the display buffers are accessed too quickly by the
graph ics processor and a we ird d isplIay resulIts *

if(rnchans == 1)

* nfraRnes =5;

rnchans =2;
frarnechans =1;

else

frarnechans. rndi spchans;

w,,hile((n_ bytes = read(-fdinfile,inbuff,

(NBUFFITEMS * 2>)) 0)

if(rdata- flag =1

p ara__ di sp 1 y(i nbuff+ , r nc hans4 ,
mndi spchans,nframes.framechans).

elIse
analIoo -displa-ky(inbufrnchans,

rndispchaBns,,nfrarnes,framechans):

} * end else *
7*stop graphics, close infile *

N mqeseo(end list):
miQcievseco( end-] 1st)
f+r =0: e16; 5 c+ +

dat a tern c oun tf E) = 0;
1set to a, n e.

mo i de 3QQj~ 0 . 0)
'~**************end do repla I ****~4*4**
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* DATE: 7 Oct 1985 *
* VERSION: 1.2 *

* NAME: para._di spl ay *
* MODULE NUMBER: A232 *

.* FUNCTION: Process the co lected parallel data. *

* Separates channels into di.spla/ buffers whi I *
* doing data reduction (1./rchans.). Scales. data *

* for display *
* INPUTS: inbuffqrnchans..rndispchans,nfrarnes, *
* f r arnechans *

? * OUTPUTS: None *
.. * GLOBAL VARIABLES USED: NBUFFITEMS. DISPOINFS *

i * GLOBAL VARIABLES CHANGED: None
* GLOBAL TABLES USED: None *
* GLOBAL TABLES CHANGED: None *

.* FILES READ: None *
* FILES WIRITTEN: *

* MODULES CALLED: None *
* CALLING MODULES: A23 replay*

* * AUTHOR: Capt Douglas G. Fitzpatrick
* HISTORY: *

paradisplay( inbuffqrnchans.endispchans,nframes.framechans)

short inbuff [ I
int r-nchans .r di spchans .nframes framechans.;

i n t J.rTK;
short data temp.
unsigned short channum;
double data scaled;
short int data i ternE12];
int buffptr;
in t *r-bp2 *rbp3 ;
char stopchar[2];

buffptr = 0:
for --- IK Knfr. rnes ;K+=rnchari.)

for (T=O. J <framechans : J++)

channurl i-buff [ buff ,tr] _ "x 0 . .* m a sk
, t h an i rit 2 byte 1 on , 'a . .U *...

chanlur = ( chann >: 2
m = channurr:
If (m : r n d i s p c h a n s.)

,- !:231
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/* scale data and place in data_ item for placement with

K:{7 display buff *"

i f (datai tern count[ m) >= reduct ion count I m J -1)
C
data temp = inbuff[buffptr. & OxOfff:

data_ temp = 2048 - data _temp :
data .scaled = ((float)(data__temp)

./2048.0);
/* paral lel in from CIM is unipolar from 0 - 4096 values.

2048 minus chair input brings input between -2048 and
+2048 then divide by 2048.0 to scale data into the

display window., set at a relative -1 .0 to +1.0 in ,-plot
values. The offset of .95 accounts for marQins in the
grid plot *.

data i temm] = mrrsca ley((m+3),
( .95*data -scaled)):

7* Ripple this buffer dont worry about or aph i cs acces- i ni
the buffer at the sare time. The more channels
displayed! the less likely this is to happen. *.

rbp2 = displa.,, buffrm]
Sr'bp3 = rbp2 +1:

for( i = 0; i < DI SFFOINT 1 ; i+)

*rbp2++= *r. bp,3+ +

,1 display._buffCm][DI.SPPO INTS - 1I =data i ternmm)

dataitem_ count~m] = 0;

else

datai temcount[m] = datai terrm _count[m) +1:
S ....* end if data_ -ount *.

/* end if m-' rndispchans *.

-j+fptr = buffptr + I:
",' .." <* end for J_ *..

.* bkip over frames for data r-eduction. r-lumber
of fr.ames skipped = nchans - 1 . Means if have
5 chanels per frame, first frame processed by

* end for K */

* end par display*.

Cc3



k***** ..************** ******** * *

* DATE: 7 Oct 1985 *
* VERSION: 1.2 *

NAME: analog., di sp Iax *
MODUILE NU. LMBER : A2322.

.* FUNCTION: Process collected analog d.ata. Separates *

channels into individual display buffers *
* while doinQ data reduction of (Irchan.
* .Scales data to fit into the display *
* win dow. *

-, - * INPUTS: inbuff ,rnchans.rndispchans,nfraames fr-amechans*
..* OUTPUTS: None *

Vs... * GLOBAL VARIABLES USED: NBUFFITEMS. displa' buff
* GLOBAL VARIABLES CHANGED: None *

GLOBAL TABLES USED: None *
* GLOBAL TABLES CHANGED: None *

,* FILES READ: None
-* FILES WRITTEN: FILEOUT *

* MODULES CALLED: None *
* CALLING MODULES: A23 rejplav *

* * AUTHOR: Capt Douclas G. Fitzpatrick *
• * H ISTOR'Y": *

r. * *

anal o di api af( i nbuft -rnchans r. ndi spch ans, nfr ames , framechans

int rnchans,rndispchansnframes.framechans;
shcort i nbuff

, .." double data scaled;
short I nt d a .item [12);

int buffptr.:
int *rbp2,*rbp3;
char stopchar.[2J;
n Kr " .* counters ..

* buffptr =0

for. K=3 • K n f r. am e s ; K+=r r h aria_. ")

3'. fcor = ("t=O UK f ramechans;N++)

d1 f da tai t err, ,_ount[N] >= reductiorl ,OUrnt[tN]-1)

2

da.ta _.scaled = ,,flcoat)(in-,uffhuffptr])

-".-" "23:3
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/* divide h- 2048.0 to scale data because MASSCOiMP auto-

ma* tically in bipolar mode converts a +5v -5v . 1 0,,olt
p-p swnig (409 max) into +- 2048. The offset (0.95)
accounts for margins in the orid plot *.

data i temEN] = mgr scale:.(.N+-),
(.95*data scaled)):

.* ripple this buffer dont worry about raphics accessinQ

the buffer at the same t ime. The more chanr els
'-, displayed. the less likely this is to happen. *.

-* pointer method */

AtJ rbp2 = &(displa, buf[N [0 J:
rbp: = rbp2 +1;

for: = i<DI SPF'PiIINTS - 1 ;i++)

*rbp2++ = *rbp3++;

di sp1 a. buff[N] [DISPPOINTS -1] =

data itemtNJ:

* dataitem court[N] = 0:

clse

datai tem _count[N] = datai tem courtENJ+1:

) .* end if data count *.

b uffptr = buffptr+l

- .-.:, /* end for N< ndispchans *.

* move buffer pointer be:.'ond non-d spla-ed channels

and skip some frames for data reduction. IUse n 1
ore frame of nchannel frames. i .e have 16 char per
frame, use every 16th frame for display *

.. skip over frames for data reduct ior. Number of frames
- skipped = nchans-1 . Means if have 5 channels per frame

fir-st frame processed by ,1 loop then skip 4 frames. *.

buffr tr = buffptr+(rnchans - framechans)
+,: rnchans*rnchans) - rnchans:

,-'j

*'" end for K<rnframes *..

I * end analog.display *.

******************** END OF FILE ****44***********
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* *b

-' ." s-. ~ ~~ ~ ~~ z.-:: d_ . nrz.:.' i s_ : : . . :..

* * This pr-ocram has nc't been wr-itten Y'et. It w. il l
* be defined b,. the need-=. of the user. I t prbc:abl
* shii Id con tai r a. smoothi n func t i on to make the

• * data more manaeabl e for- comp u ten anal :rI .. I
s skeleton proararm has been det..,e ced nd i s aM - i I a bl e

* to tcl low-on researcher-s. arid thesi s students. *

0"-
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* Th I le cc'ntaires the aIcb . I decl a r-.a tcn *

* and def i ne_ that are needed -for the ['a t.a *
* A cqu i st i or, ard D i sp I. S-'sternl DAAD-S)

# i nI ude ;s. tdi o h

. cursor control characters for the h19 *.

#de-f ine CLERSC '.BE"

* defines used b:." most all menus *"

-define MEXIT 5
#def i ne CR .n

#de f i ne NJCiTREA-EY Th i a c'p t i c' in is no t ... i ab 1 e a t th i-s
4t t i mne '.r n

#de+ i n e TR'"ANOTHER F e-ase t r an other op t i on "..n
#de-f i ne TRYAGAiLJ Inco rre c t re sp-r se, plea:-Is.e tr . oa i n" n
#de ine HITRETURN "p lease hi t re turn w hen re ady..
#d fi"ne afi t "Air For ce I n t i t ut e cf Tec hnoi, Y F-,r-1"..

#def i ne s s.re ame "Cat a "cq u st i on .ei d D i sp 1 a.y S t emrin
• #def i ne ma i imnu "M.a i n Men i Mlc diu i e".,.r,

# define d.:.cqmnu "Da.ta. Acqu at i ceion and ri -p. Modu I e ."
#de fi n e ch.in mnu "Chancie Ch. srnnel OJrder lo,: ul e'..n"
#d e-f i ne rep 1 ,.riu " Rep I .a:," 'S. e=. s i or Mcdui 1 e%...n
#,de 1 f i ne e., trkmnu "E:.:.tract Si no e Ch. .n e M'dul e"-F

#de+ i ne ST-.JoZE 2
#def e ne e- i tmri "5) E i t meinu.n"

23
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7* thi s ooes wiith the data acqui si tion rountiries *

#def ire E'KREADI
#define E>JARITE 0
#define NBLIFFERS p
#de+fane BLIFFSIZE 19 2

short acqbuffCNBUFFERSJ[BUFF$IZEJ:
A short pinmask = Ox~ff-ff

short *bp;
int chanorder[la)
char charilabel 16)C255J;
int nchans;

* mt dlata-flaQi;
static int pathnum =-1;

#de-finve MAXk1INDOtIS 1 2

*int ndispchans;
it NBLIFFITEMS:
int rnfrarnes;

double realxl = 0.0;
double realyb = 0.0;

Cu double realxr, = 100.0;
doubile ra t= 2.0;
#.tdefine FRE0lOLK 160.0
#define FREO2CLR 10000.0

#defirne DIPBUFFSIZE 95
#def inve NDI SPBUFF; ' l I N: D INDOL.JS

it di spi ~a" ,bu-Ff[-EDISPBUFFS) EDISPBUIFFSIZ E) = (0
int xaraE9)= 0;
int di sp Ia>'f _1 aq[NDI SPBUFFSJ = 0;

4 -static int mairisea[l000):
static inct dv spri ayit[ 1000);

4% mt DIEPPOINTS =95;

sh or.t off+set:

/44**~*****~+***END OF FILE **4***.*44.
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-/" * *** * ** ** ** * *** *** ** * ** ** * *** * ** * * ****** * ** * * ** * * *

* This is a sample channel order f:ile where the *

* first column of numbers is the channel number, *

* the second column is the secondar. :," reduction *

* factor, and the third column is the disrl,._-" *

* window channel identification label *

00 0010 EKG

01 0010 Temp

02 0005 ENG (H)

03 0005 ENG (V)

04 0001 GSR

05 0010 Photo Plethys ..finQer)

06 0001 EGG

07 0001 EIG

08 0001 Photo PI ethys (facial

09 0001 Pneumooraph (chest)

10 0001 Preumooraph (waist)
11 C1001 Bal ist oc_-krdio,-rarn
12 0001 EMG
13 0001 EEG kint)

14 0001

.*.+*4********** END OF FILE ******************
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* This is. a sample set-up file as described *

* in the Fitzpatrick. U 1JIll iams, and Rooers. *
• thesis. The following format should be *
• fol lowed exactl. Note that when a setup *

• f 1ile is created inter-act i ve l y in the DAADS *
• program, it is not in this format. Thus *

• ar interactivel, created set-up file can *
* not be used directly for a newi data

collection session. *

* "

14 /* # of collected channels *.
,8 * # of displayed clhann els *
02 * col lection mode
session(date * session file name
t(date)bindata * binary output data file */
chanelorder * channel order file name *

i
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we

N,

* Th i s i a a sh or t pr oar am 1,r i t ten * or BDAS to be used *
* used as a round-off function. It is used in *

* several modules (initda.c. doreplay). It is *
* listed here for- completeness. *

***** **** ** ***** ******* ******* ****** *** *** ****** ******* *******

#include <math.h>

r ou n d ( ). )
float x:

int value:
float value2;

v... aue2= (float) cei I(x) - x
#ifdef DEBUG

pri tf("v alue of cel:(Zf) - .(f :ff=%" ,xx .value2)
p r i n t f ( . a u e of f 1 oor(;f) - .%d"n "' ,x v a u e)
#endi f

if( ((value = ceil(x)) - x) < 0.5000)
return(val ue);

e se
return (I( val ue=f1 or ) ))

4

.

'C

' -" •A24



VITA

Norman Richard Jarvis was born the son of Franklin

Thompson and Mary Berrio Jarvis on 28 October 1952 in

Newton, Massachusetts. He graduated with honors from North

Reading High School, North Reading, Massachusetts in June

1970. He received a Bachelor of Science degree in Zoology

from the University of Massachusetts, Amherst in June 1974

and an Emergency Medical Technician-Ambulance certification

from Symmes Hospital, Arlington, Massachusetts in January

1975. After ambulance work in Boston and biomedical

research work at the Marine Biological Research

Laboratories, Woods Hole, Massachusetts, he entered the Air

Force and was commissioned from Officer Training School in

May 1979. Upon completion of Space Systems Operations

training at Peterson AFB, Colorado, he was assigned to the

Cavalier Missile Early Warning Station at Concrete, North

Dakota as a Space Systems Director. He was subsequently

assigned to Headquarters NORAD/Space Command as a Missile

Warning Systems Staff Officer before entering the Air Force

Institute of Technology in June 1984.

Permanent Address: 185 North Street

North Reading, Massachusetts 01864

241

i. r6 F



VITA

Captain Charles T. Uyeda, Jr., was born on 13 March

1958 in San Francisco, California, to Dr. Charles Tsuneo

Uyeda and the former Sumi Maeda. "Bud" Uyeda graduated as

Valedictorian from Awalt High School in Mountain View,

California, in 1976. After graduation, he entered the

United States Air Force Academy, Colorado Springs, Colorado,

from which he received his USAF commission and the degree of

Bachelor of Science in Biology in May 1980. After attending

the Space Systems Operations training school at Peterson

AFB, Colorado, he was assigned to the Air Force Satellite

Control Facility/VOC, SunnyvaleAFS, California. He served

at Sunnyvale AFS as an Operations Director until entering

the School of Engineering, Air Force Institute of

Technology, in June 1984.

Permanent Address: 2540 Fairbrook Drive

Mountain View, California 94040

v-. .

242
k I



UNCLASSIFIED14P 
A

SECURITY CLASSIFICATION OF THIS PAGE P jF~

-I- REPORT DOCUMENTATION PAGE
,?-.REPORT SECURITY CLASSIFICATION 1b. RESTRICTIVE MARKINGS

UNCLASSIFIED

2.. SECURITY CLASSIFICATION AUTHORITY 3. DISTRI BUTION/AVAI LABILITY OF REPORT

____________________________________ Approved f or public release;

2b. DECLASSIF ICATION/DOWNGRADING SCHEDULE distribution unlimited.

4. PERFORMING ORGANIZATION REPORT NUMBER(S) 5. MONITORING ORGANIZATION REPORT NUMBER(S)

AFIT/GSO/ENG/85D-1

6a. NAME OF PERFORMING ORGANIZATION 6.OFFICE SYMBOL 7a. NAME OF MONITORING ORGANIZATION

School of Engineering AIT/ENGcal
____________________________ _____________ ________________________________________

6c. ADDRESS (City, State and ZIP Code) 7b. ADDRESS (City. State and ZIP Code)

Air Force Institute of Technology
Wright-Patterson AFB, Ohio 45433

'. So. NAME OF FUNDING/SPONSORING f8b. OFFICE SYMBOL 19. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER
ORGANIZATION (it applicable)

Dr. David Jones jUSAF/SAM/NGN

Sc. ADDRESS (City. State and ZIP Code) 10. SOURCE OF FUNDING NOS.

Chief Neuropsychiatry Branch PROGRAM PROJECT TASK WORK UNIT
USAF School of Aerospace Medicine (AFSC) ELE ME NT NO. NO. NO. NO.

Brooks AFB, TX 78235
11. TITLE (Include Security Classification)

See Box 19

12. PERSONAL AUTHOR(S) Norman R. Jarvis, B.S., Capt, USAF
Charles T ydJr., B.S., Capt. UA

_TYPE OF REPORT 13b. TIME COVERED 14. DATE OF REPORT (Yr., Mo., Day) 15. PAGE COUNT

MS Thesis FROM ___ TO ____ 1985 December 242
16. SUPPLEMENTARY NOTATION

17. COSATI CODES IlB. SUBJECT T=AM (Continue on reverse if necessary and identify by btock, number)

FIELD GROUP SUB. GR. Motion, P4illness, Aer spaLce Medicine,
0 Aviation Medicine

19. ABSTRACT (Continue on reverse if necessary and identify by blockt number,

'S Title: AN ANALYSIS OF POTENTIAL PREDICTIVE PARAM'ETRS OF MOTION' SICKNESS
* ~~USING A COMPUTERIZED BIOPHYSICAL DATA ACQUISITION SYSTEM AAllo-E

Thesis Chairman: Matthew Kabrisky, PhD R. PVER 1A %)A& It
Professor Al Foc Iflabute 0nd T~hO &%
Department of Electrical Engineering Wrdqht-Pat1 .urso AFB ui

E 20. DISTRIBUTION/AVAILABILITY OF ABSTRACT 21. ABSTRACT SECURITY CLASSIFICATION

N5.CLASSIFIED/UNLIMITED El SAME AS RPT. C1OTIC USERS C3UNCLASSIFIED

22. NAME OF RESPONSIBLE INDIVIDUAL 22b TELEPHONE NUMBER 22c OFFICE SYMBO0L
(include .4rea Code)44 Matthew Kabrisky, PhD, Professor (53 5-26AIT/N

* DO FORM 1473,83 APR EDITION OF I JAN 73IS OBSOLETE. LW__CL&__5_/_1 ___/___P

SECURITY CLASSIFICATION OF THIS PAGE



UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE

\J
A computerized biophysical data acquisition system was

refined and used to collect biophysical data on human

volunteer subjects to examine effects of coriolis induced

motion sickness. Redesigned sensors to measure electrical

cardiac activity, cardiac chest rebound, abdominal/thoracic

respiration, peripheral pulse blood volume, facial pulse

blood volume, skin temperature, gastric/intestinal activity,

nystagmus, and brain wave activity were incorporated with

commercially available sensors for galvanic skin response,

heart rate, and blood pressure to thoroughly measure the

subject's vital signs.

Subjects were rotated in a multi-axis motion chair and

data collected for later analysis. Data were collected on

paper strip chart recorders in parallel with a MASSCOMP MC500

minicomputer. The MASSCOMP data acquisition system software

was refined with better documentation and to allow data

replay. Ctlc) d

5%

UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE



""--

am m !

V.
A

-pn


