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T H E  A P P R O A C H  of manned 
satellite flights emphasizes l~he 
progress already achieved in 

rocket and missile technology. Un- 
fortunately there is a concomitant lack 
of progress in t.he development of 
lec.hniques for the rapid analysis and 
reduction of physiologic data. 

When experimental conditions get 
out of hav.d in a ground laboratory, 
".here are always direct remedial safe- 
guards available. Therefore  the need 
to perform detailed analysis of physi- 
ologic data in real time is not of gre~t 
critical importance. However, for the 
man in space, such direct safeguards 
are impossible. We need .to recognize 
t~e onset of incl,pient physiologic 
trouble at once to provide sufficient 
lead time to make certain remedial 
safeguards effective. 

The astronaut enclosed in his arti- 
ficial environment will be at the mercy 
of any control system malfunction. 
The sooner we .can detect ~harmful ef- 
fects of the satellite environment and 
correct them, the sooner we will be 
able to decrease the stress of space 
travel. The extent o.f useful interaction 
between the astronaut and the medical 
personnel at gro'und control depend:s 
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on the speed with which intelligent de- 
cisions can be made .concerning the 
physiologic status of the astronaut and, 
in tu,rn, his space environment. 

Since the space environment can be 
sinmlated to only a limited extent on 
the ground, the first manned satellite 
lligh,ts must 'be considered experi- 
mental. The high cost of each flight 
also dictates maximum use of this ex- 
perimental epoch. Therefore,  analytic 
techniques must be avai.lable that per- 
mit evaluating each experiment in pro- 
gress so that alterations in the initial 
experimental ,plan can be made during 
flight. This will increase the amount of 
new and important information ob- 
tained from each flight. The modern 
high-speed computer can provide for 
detection of such physiologic and en- 
vironmental alterations. Incoming data 
can be rapidly and automat~cally an- 
alyzed, ,providing medical personnel at 
ground control with data reduced to a 
form that can be immediately compre- 
hended and used to make decisions. 
The .high speed and .large memory of 
the modern computer reduces the time- 
consuming task of detailed data anal- 
ysis so that critical physiologic data 
can be analyzed as it is received. 

This paper describes a data analysis 
facility on the ground that can per- 
form sensitive and quantitative analy- 
sis in real ,time of physiologic and en- 
vironmental data c, btained from a 
manned space satellite. The details of 
this system are based on the experience 
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gained in using corn,purer techniques to 
analyze physiologic information from 
clinical surroundings. The proNems of 
analyzing clinicM data and space data 

based on the experience gained wileh 
computer analysis of physiologic data. 

The major components are shown 
in a block ,diagram of the system (Fig. 
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Fig. 1. Major 

facility. 
components of ground-based an'aly,tical 

are ,fairly analogous and a proposed 
solution to ,these problems is discussed. 
emphasizing the space problem. 

DATA ANALYSIS 

A data analysis facility Oll the 
ground shoutd (1) .perform a rapid, 
quantitative, and sensitive analysis .of 
incoming data from the satellite, (2) 
reduce this data to the sign.ificant var- 
iables, and (3) provide a composite of 
this data to use in making ,decisions as 
to the wall-being of the astronaut and 
the environm.ent in the satellite. 

The ~ools t~sed to implement: this 
automatic system for rapid analysis of 
physiologic data are the general-gur- 
pose digital computer and associated 
computer pr.ograms and storage media. 
Other computers, either special~pur- 
pose digital .computers or analog com- 
puters, can 'be used once the analytic 
methods are developed. Each analytic 
operation is statistical in nature and is 

JANUARY, 1961 

1). The digital .computer and displays 
present analytic resull:s to the ground- 
control medical personnel. Within the 
computer, there are four traits that de- 
scribe the major functions performed 
by the computer and a unit fo.r storing 
significant data. Figure 2 shows the 
sequence of ,the .four types of data 
analysis to be performed ,by the com- 
puter: (1) Automatic Signal-pattern 
recognition and measurement. (2) 
lnitial data analysis and reduction. 
(3) Diagnostic data analysis. (4) 
Prognostic data analysis. A basic de- 
scription of ,the analyses lehat can be 
performed in each o4 these categories 
follows. 

Input Signals.--T'he telemetered sig- 
nals are picked t~p by a receiver anti 
separated-into appropriate signal chan- 
nels by a decoder. T,hese signals can 
include physiologic, environmental, 
and performance ir~formation. All of 
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these signals would 'be analyzed in the 
com,pu,ter. However, to ensure the in- 
tegri.ty of the signals entering the com- 
puter, an initial visual inspection of 
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Fig. 2. Sequence of data analysis opera- 
tions. 

these signals would be ,made by ground- 
control personnel. 

Automa;tic Signal Pattern Recogni- 
tion and Measurement.--T,he incoming 
signals are classified and measured in- 
to (1) signals whose ,basic amplitudes 
and times are immediately meaningful, 
such as temperature, gas tension, and 
humidity, and (2) signals that have 
patterns that indicate in.formation of 
diagnostic interest, such as ~he elec- 
trocaM,iogram, the electroencephalo- 
gram, and other low-frequency ,phe- 
nomena. The con~ponents of these 
low-frequency signals must 'be recog- 
nized and then measm'ed. This recog- 
nition and measurement is performed 
automatically by the computer and the 
results constitute the input data to ,be 
analyzed. 

The important feature of this auto- 
matic operation is the significant say- 

ings in time that manual data meas- 
urement and coding would involve. 

If the incoming signals are satisfac- 
tory a'fter visual inspection, they are 
converted ,from analog to digital .form 
-- the  necessary language for  the dig- 
ital computer. For signals requiring 
pattern recognition, compmer pro- 
grams 'based upon time, slope, and 
amplitude criteria will Ibe used to rec- 
ognize and measure the components of 
interest in the signal. 

Initial Data Analysis and Reduction. 
- -Af t e r  the incoming data is measured, 
it undergoes initial ,data analysis and 
reduction. This consists of a sensitive 
analysis of simultaneously recorded 
data to detect significant changes that 
may be taking 91ace in ~ehe astronaut 
and in Ihis space environment. There 
are at least .flaree factors that contrib- 
ute to the sensitivity of this analysis: 

1. Time simultaneity of ,data .collec- 
tion. Data f.rom the manned satellite 
can be simultaneously recorded in .time. 
This means that a considerable amount 
of the variability associated with data 
monitored sequentially will be elimin- 
ated. 

2. Reduction of inter-subject varia- 
tion. The astronaut .population is small 
and well-defined. Therefore, a con- 
siderable amount of detailed in'forma- 
tion can ,be derived from preflight test 
procedures to het~p set quite narrow 
limits .on the range of normal 

3. Physiologic and enviromnental in- 
teraction. Environmental and physio- 
logic data are avai.la~ble f rom the 
manned satellite. Thus, significant 
changes due to interaction can be 
sensed earlier than changes in either 
environmental or physiologic data 
alone. 

~'he first analytic operation per- 
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formed on the newly measured data 
will .be to compute the means, vari- 
ances, and .correlation ,coefficients for 
a definite time 'block, for example, ten 
or thirty seconds of input data. T,hese 
statistical bloctcs are then compared to 
already-stored normal values for each 
measured variable. The level of sig- 
nificance of any existent differences 
will also be computed. The variables 
that 9rove significantly different, say 
at the 90 or 95 per ,cent level of con- 
fidence, will be retained for the diag- 
nostic ,data analysis. 

Diagnostic Data Analys i s . - -A f ter  
the significant data ~has ~been extracted 
from the total data input, it will under- 
go diagnostic data analysis. Abnormal- 
ities detected in the incoming data will 
vary in importance, and thus will re- 
quire detailed analysis .before a diag- 
nostic decision can be made with cer- 
tainty. The goal of the diagnostic data 
analysis is to determ, ine which of the 
detected changes are secondary or 
primary in importance. 

The references against which the di- 
agnostic data analysis can be made 
are a number of abnormal conditions 
stored in the computer. Tbese condi- 
tions will be stored as a series of n 
distributions describing n ~bnormali- 
ties. These distributions can be 6b- 
talned from the results of ground 
simulation tests on the astronauts or 
from other clinical experience. Any 
new set of significant variables coming 
from the space s~tellite would be com- 
pared to these already stored ~bnormal 
conditions; the chance that the astro- 
naut and his environment, or the astro- 
naut and environment together, will 
show variables consistent with any of 
these stored ~bnormalities is thus de- 
termined. 

The first step in t)erforming this di- 
agnostic data analysis will be to or- 
ganize the significant data into a 
form that can be compared with known 
sets of ~bnormal data. One such form 
is the probability-density function. I t  
can, in fact, completely describe the 
distribution of this new set of data. 
This probability-dens,ity function will 
be computed, and in turn compared 
with other already-stored probability- 
density ftmc,tions. Probabilities are them 
compu, ted that will show ~how closely 
the new set of variables compares with 
each of the known abnormal sets al- 
ready stored. The output of the diag- 
nostic data analysis would consist of 
probabilities of the form PA, P~ �9 �9 . 
Pn, where PA might be the probability 
that the incoming data is consistent 
with malfunction of the oxygen sup- 
ply system, or where PB might be the 
probability that the astronaut is under- 
going myocardial ischemia due to cor- 
onary artery occlusion. 

Prognostic Data Analy.ds. ~ The 
goal of this operation is to .predict the 
future status of  the environment and 
t.he astronaut on the basis of past and 
present analytic data. The degree of 
success of this operation is not as cer- 
tain as the others, bu• the associated 
rewards make it worth considering. It 
is probable that a .prognostic data anal- 
ysis can be performed on environment- 
al data. Physiologic changes induced 
by the environment should also pro- 
gress in a fairly t)redictable manner. 
However, ,physiologic changes in- 
duced psychologically can ,be quite er- 
ratic and therefore difficult to analyze 
for prognostic information. 

The potential reward of the prog- 
nostic data analysis is to provide quan- 
titative information on the urgency of 
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remedial action. Since too sudden a 
remedial action might prove as harm- 
ful to the astronaut as the lack o,f 
remedial action, the computer can be 

In this case, it may .be necessary not 
only to initiate an emergency reduction 
of the carbon-dioxide level, but also 
to increase the oxygen level above nor- 

AV NORMAL VS kV 
A, v s  L ~i . . . . .  I _ I s m m ~ c e  I [ 
: : ! ] WRMCtS: ; : -~ '1 MEANS 1 4 5 ) ] [  
I I ; ICORRELATION ~ I " I 

; ;  I L l  S U n C ~ C E  I I ~ e  ..?. 

N I ~176176 I .:'. 
NOnUa* I I 2 1 OF CORRELATION 

,' ,' I I ,  W . , A . C E S H - * I  I >~ 
, , I[CORRELATIOR ~ NORMAL VS HYP / - 
I S,5-~JCOEmaENTSl I I t . / SIGNIFICANCE I I ~| ii 

I I I  _ 1  SlC-NiFiCA~E I I 
HYP I I  : I oF 

HYP SI -~, I I I I - - " -1  VAR ANCES 145} I I 
I $ 2 ~  M E A N S ~  I ' ' I ', ! - I  VARIANCF-SI -" ! ' - I  SIGNIFICMICE I I 

; ' I CORflELAT r~, I 2 I OF CORRELATION I - *"1 [ m - L ~  c o e 6 " ~ l  " I COEFFICIENTS 199011 [ 

Fig. 3. Diagram of the computational process. 

J PROIINIIUTY 

i l  - = -  

I 
, I 

P P P 
,HYP AV N 

DATA FROM I 
: I SUB,IECTX ] 

instructed to determine a best rate. 
A 'data analysis could provide prog- 

nostically useful irfformation in the 
following manner. Each variable or 
combination of variables that proves 
to be significantly different f rom nor- 
mal over a given period of time .can 
be expressed as a mathematical fun.c- 
tion. The .compt~ter .can be programmed 
to determine a .'best mathematical ex- 
pression for  the particular ,data points 
available. When this best mathematical 
expression is determined, the computer 
can calculate what the state of  any 
variable will be at any given time in 
the future. 

A remedial action could thus deter- 
mine whether an altered variable has 
only to ,be returned to normal o.r 
whether additional compensations have 
to be made in other variables; for ex- 
ample, when the carbon dioxide con- 
centration reaches a dangerous level. 

56 

mal for a s,hort time. The calculation 
of rate of  action will depend on how 
well the limit of human tolerance to 
various insults can ,be determined. 

FEASIBILITY OF METHODS 

Many of the analytic operations de- 
scribed are analogous to operations 
performed in the past. The amhors  
are presently engaged in a project, 
sponsored by the United States Public 
Health Service,* to determine how 
computer techniques can be used to 
assist in the diagnosis of disease, par-  
ticularly ,heart disease. 

The specific aims of the work per- 
formed to date are:  

1. To develop a computer method 
for establis,hing quantitative classifica- 
tion of normal and heart-disease states. 

*This research was supported in whole 
or in part by the United States Pttblic 
Health Service under contract No. SAph- 
70926. 
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2. To evaluate this met.hod with 
cardiovascular data from a group of 
subjects consisting of known normal 
and pathologic subjects. 

of forty-five subjects. These st~bjects 
consisted of three gro.ups : fifteen nor- 
mal subjects, fifteen subjects with left 
vent ricular hypertro,phy due to hyper- 

Fig. 4. Significan.t variatoles ( ~ 9 9 . 9  per cent), hypertensive v e r s u s  normal. 

3. To determine the improvement in 
diagnostic suspicion obtained with 
comprehensive analyses of several 
types of cardiovascular information. 

Type of Data.--The physiologic sig- 
nals analyzed were the electrocardio- 
graph, the ,ballistocardiog, ra?.h, the 
phonocardiograph and ~he arterial 
pulse--simultaneously recorded in each 

tension, and fifteen subjects with left 
ventri.cular 'hypertro.phy due to aortic 
valvulitis. In all, forty-five variables, 
representing time and amplitude par- 
ameters, were measured for each sub- 
ject. T~his served as the data il~p,m for 
the com:puter_. 

Method of Analysis.--An index for 
comparing each subject with each of 
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the three grottps was arrived at by 
first forming the multidimensional 
probability distribution for e~ch of 
these three groups, and then calculat- 

The nttmber of correlation coeffici- 
ents that ,proved to be significantly dif- 
ferent at greater than the 99.9 per cent 
level of confidence ,between the normal 
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ing where the variables of each sttb- 
ject :fall with respect to each probabi.l- 
ity distribmion. Determining vchich 
variables are most significant in this 
index is accomplis~h by examining the 
mean and variance of each variable 
and the correlation coefficients of each 
variable with every other variable 
(Fig. 3). These three quantities com- 
pletely determine the contribution of 
ea, ch variable to the ~nultidlmensional 
probability ,distribution. Therefore, the 
significance of the differences between 
the mean, the variance, and the cor- 
relation coefficient for each variable 
is an indication of its power in the 
probability distribution. 

R e s u l t s . - - A  de~i,led review of the 
results of this work cannot be made 
here. However, certain results do dem- 
onstrate the power of the techniques 
used. 

and hygertensive groups was 69 (Fig. 
4) ; ,between the normal and aortic val- 
vulitis groups, 104 correlation coef- 
ficients proved significant. Sttch abun- 
dant information is not considered in 
cardiac diagnosis today, because of the 
time required to perform the associ- 
ated mathematical operations manual- 
ly. In addition, many of these corre- 
lation coefficients would not ,have been 
available had not each subject's data 
been recorded and measured simultan- 
eously. 

On floe ,basis of the tLCG data only, 
excellent separation was made by the 
computer between left ventri,cular hy- 
pertrophy due to 'hypertension and left 
ventricular hypertrophy due to aortic 
valvulitis (Fig. 5). This was a sur- 
prising result since ,both groups ap- 
peared to have the same degree of left 
ventricular hypertrol~hy vchen only the 
R-wave was considered. However, 
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when all the ECG variables were con- 
sidered, clear separation of the two 
pathologies resulted. 

The non-electrocardiographic vari- 
ables demonstrated differences as sig- 
nificant as those obtained from analy- 
sis of ECG variables alone. 

Our continuing efforts in this field 
involve the development of a computer 
routine for the automatic recognition 
and measurement of physiologic sig- 
nals, specifically for the ECG. 

SUMMARY 

A computer ,facility for the rapid 
analysis af data from the manned 
space satellite has been described. The 
details of this facility a~.d methods for 
per.forming each of the analytic opera- 
tions are discussed. 

The main features of this facility 
that make I~Jssi.ble the rapid and quan- 
titative assessment of the astronaut 

and his environment are:  (1) Auto- 
matic signal recognition and measure- 
mont. (2) Automatic analysis of sev- 
eral channels of simultaneously record- 
ed data for  the early detection of sig- 
nificant changes. (3) Automatic anal- 
ysis to determine the underlying .cause 
of these changes. 

Since this analytic f~cility does not 
as yet exist, the results of operating 
such a facility cannot be presented. 
However, results obtained 'from the 
analyses of similar types .of data dem- 
onstrate the feasibility of developing 

suoh a computer ;facility for use in ex- 
periments with manned space satellites. 

Porpoise with A Purpose 
The clown of the ocean--the porpo i se Ihas  a serious job at Convair in 

San Diego, where studies of his antics may lead to faster submarines and 
torpedoes. 

"Notty,"  a one-year-old porpoise, is .being studied in a huge tank at 
the Convair facility. Flow studies are ,being made as he swims at 20 knots. 
Temperature sensors are also being used. 

Special color dies enable the .cameras to follow "Not ty" - -named after  
t~he Naval Ordnance Test Station ( N O T S )  whi.eh is the project manager. 

Scientists are searching for the reason why a porpoise has more energy 
per pound of weight than any other aquatic mammal. It is estimated that 
a porpoise has ten more power per pound of weight than any other living 
creature. T'he answer may 'bring important answers in under water war- 
fare. 

The special N O T S  study has been going on for several months and 
will continue indefinitely. As "Not ty"  gets older they expect his speed to 
build up to 30 knots. 

Preliminary studies indicate that speed alone cannot be attribmed to 
streamlining. The other factors are what they seek.--From Western 
Aviation, July, 1960. 
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