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¢ ABSTRACT

The Anthropometric Mecasurements Lzborstory has sccemvlated
a large body of data frem a number aof previous experiments. The
data s very noisy, therefore 1t requires the application of
some signal processing schemes, Moreover, {t was not regarded
as time series measurements but as positional {nformation; hence,
the data is stored as coordinate points as defined by the motion
of the human body.

The accumulated data defines two groups or classes. Some
of the data was collected from an experiment designed to measure
the flexibility of tha limbs, referred to as radia) sovement,
The remaining data was collected from experiments designed to
determine the surface of the reach envelope.

The purpose of this project ts to design and Isplement an
fnteractive signal processing package. Since the data does not

{ fnclude tinme this package does not {nclude a time series element.
Presently the results ts restricted to processing data obtained

from those experiments designed to messure flexitbility.

Center Research Advisor: Barbdara Voolford
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INTRODUCTION

An accurate analysis of human motion 1s required 1f substan-
tial twprovements {n suit and control punel design are to be obtatined.
In (11 1t has been indicated that efficient well designed work-
stations must take into consideration the interactive roie of the
human operator. Garg and Kohlt, (2], indicate that complex equip-
ment produced -during ths second worid war operating as high speed
genarally required unusual capadbilities beyond the operator. They
further indicate that the design of equipment must take intc account
human capacitios and linitattons. This requires the acquisition,
processing, and interpretation of large amounts of data.

At NASA/JSC the acjuisition is accomplished by the use of a
modified SELSPOT system as {1lustrated in Figure 1. The system
consist of four cameras used to measure position, a sonitor to view
the experiment and data transfer, a pair of 6582 microprocessors
for handling the data 2nd controlling the hardware, and a video tape
recorder. This system can provide for the acquisition of three
dimensional data with t:me and LED !dentificction numdbers. Thus sach
point can be defined by the five-tuple: (x,y,2,t,1). The VRA (Video
Recording Adapter) records not only visual image but data. Positional
dats from, up to thirty, LEDs which emit IR radistion sre measured and
digitized by the cameras. The qcquired data which is stored on the
video tape is then processed by the HP-21MX system. HRixon, [3],
provides a functional description of the acquisition system.

The processing consist of several programz designed to format

and plot the dutm. This prmject provided some statistical processing
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capability. The software system ccnsist of t!. ' foklewtns propeax

&MPINL A package designed to transfer the dets frew the
YCR to the HP? disk on the HP-21MX syotam.

&CUKFL A pscksge to rearrange the packed bits m
reconstructing the actual data.

4FRIOl A package to determine the frequency, range, medtan
and mean of the data associated with each LER.

&SELVC kzgackage which computas the coordinates of eash
l -

&CAL*L A package which computes. calibration polnts.

LXYZTP A package used to generate a tape containitg the
XYZ coordinates for transferrin~ to the VAX-7BR.
At present the time is not tra . ..rred.

PLAID A package used to generate some graphic displayw.
I1s implemented on the VAX. An interactive packsge.

PROJCRT A package used to aid in ftltering the dats main-
tained on the VAX. The package is interactive.
The toterpretation segment will involve two primary segments:
formulation of mathematical models for various 1imbs and imple-

mentation of these models for simulstion. There are nzaberous papers

on the subject, see {4), [5] and [6]. The Initial stage is to acquire

8 data bank ef statistical information related to human motion.

This data bask must include datz relsted to the design of seats,
control parels, control modules, and operational procedures. With
such a data Senk s system can then be davised which will ;ermit

the designer to use a grephics terminal for designing s particular
inte-face, than test the design for geners! use by allowing a bubble~
man, Refs.{71 and [8), to work through the various operations.

Such a project will require many new techniques: pattern recognition,
artifical tatelligence, computer graphics, data bass ssthodology,
and the 1the. At present work is Sust beginning and the project
ccnsist privarily of data acquisition.
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A SIGNAL PROUCESS SYSTEM

It has been thdicatad that there are two prodlems. One reluted
to radial movement, the other related to resch envelopes. . his
section considers only the first. Since tha radial movement fnvol-
ves & 1imb moving through a fixed fattern the data will closely
approximate a3 circle as seen in Figure 2. Hence this geometric.}
structure 1s inplemented in the system.

In looking for existing technique some variations of a number
of time series models were trted. See [9], (18], [11], and (12].

A design of one of these methods will be included later, but the

process presently consist of employing manual selection, moving averages,
and some statisticel methods for removing the noise. These techniques
are designed tn use the best fitting circle.

In quickiy reviewing the package, we note that the system bejins
by asking which file is to be processed. The datz s read. Initially
it contains the coordinates for all LEDs in a multiplexed form. If
we select a sirgle LED <Yie data is demulitiplexed and the corresponding
data is retatined. Ther we may select to display or not to display
this data on the terminzi, a Digital VT125 or equivalent. This should
be done since it provides us with the opportunity to judge which data
is valid snd which {s noise. In addition, the plectting gives us a

feeling for tne particular motion envolved. We then estimate the center

and radius of the best circle. Next, the system applies a moving sverage.

for the purpose of removing {solated spikes. On completion of these
smeothing processes we 2re asked {f we wish to manually remuve any dsta
v wiew as nojse. Agath we are queried with regard to plotting. We may

estimete the parameters for the best circle again, a¥ter which the system

detarmines the parameters for the best circle and prompts for replacing the
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generated value or leaving them as calculated. Once the parsmeters

are determined the circle s used to remove any dats not lying withing
s specified dDand defined by the clircle. The remzining data s then
used to geherate the paramesters of the best circle. The center of
this best circle is then used to partition the plane tnto i number of
wedges. The data lying within a2 wedge is then used to define a new
set of values, mamely the distance from the center of thq best circle
to the data potst. These distances are then ordered, smallest to
largest, Next, a set of dif-ferences, DIST(J+1)=DIST(J), are formwed.
This last set of values is used to define a cluster mesrsure which

is the standard deviation of these di{fference. This cluster measure
1 then used to cluster the set of distances. See Figure 3. The mean
and the standard deviation of each cluster {s then determined and
retained. These averages and standard deviation are converted to
plane coordinates using the angle which bisects the wedge. If there
are too few dats points the system assumes that the wedge does not
contain any data. Using the wedges 3 set of expected values for

the angles s determine along with the number of data points in

the wedge, and the associated standard deviation. This information

{s made available for writing to a dtsk file. Clearly, smal}) sample
statistics must be employed. Finally, the user is queried on

whether he desire to write the resylts to the file or simply quit.

FUTURE
in closing a number of future directions should be pointed
out. Some are related to the area of signal processing, cthers
are related to the use of the computer as a destigning tool {n the
area of human factors. These {nclude:
* Implement a tire serfes spproach, {.e., use sn FFT.

® Modify the system to permit hardcopy of all graphics.
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+ ", * Modify the read file sudroutinu o resd new dsata
S files containing time and LED nuwbers.

* Develo; and implement an algorithe for processing
reach data and thereby determine a reach envelope.

* Increase the intelligence of the system by providing
1t with the ability to resove any data which is not
within reach.

* lwplement Ted K2ll's subroutine to permit unsolicited

input.
iA * Begin the task of designing a dats base for the over-
¢ a1l prrdlem of computertized control panel design.
. * Try to develope a statistical theory for convex }

- combinations of norral distributions.
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VRA VIDEO
RECORDING ADAPTER

Figure 1. Anthropometric Measuring Setup

28-8

b aa

4 . avnen

'
»
¢
s
[
.




LR ' T

B

LR

R
’L

Y

ANTHROPONETRIC
NREASURING LABOPATORY

DATE/TINEId-JUL-0)
Fl\.! NANE X40618.0DAY
OPERATOR: TINNERNANN
FILYERS: NONE

§
HORJZIONAL COORDINATE x

VERTICAL COORDINATES 2

NASA

Jltl.l

m.‘

St

bbbt

$odmd—
+-+

- ADENEY IR L

Radial Motion Data

28-9

-atag R

P

w7V

T



