
"AFAMRL-TR-83-058

h ~ DEVELOPMENT OF AN INTERACTIVE COMPUTER
PROGRAM TO PRODUCE BODY DESCRIPTION DATA

L DOUGLAS BAUGHMAN

UNIVERSITY OF DA YTON
RESEARCH INSTITUTE
300 COLLEGE PARK A VENUE
DAYTON, OHIO 45469

JULY 1983

Approved for public release; distribution unlimited.

DTICSELECTE
OCT 18 MS

LA.J AIR FORCE AEROSPACE MEDICAL RESEARCH LABORATORY
AEROSPACE MEDICAL DIVISION D
AIR FORCE SYSTEMS COMMAND
WRIGHT-PATTERSON AIR FORCE BASE, OHIO 45433

bilk



"NOTICES

When US Government drawings, specifications, or other data are used for any purpose other than a
.,definitely related Government procurement operation, the Government thereby incurs no responsibility
nor any obligation whatsoever, and the fact that the Government may have formulated, furnished, or
in any way supplied the said drawings, specifications, or other data, is not to be regarded by
"lnp'cation or otherwise, as in any manner licensing the holder or any other person or corporation, or
conveying any rights or permission to manufacture, use, or sell any patented invention that may in any
way be related thereto.

"Please do not request copies of this report from Air Force Aerospace Medical Research Laboratory.
"-~ < -Additional copies may be purchased from:

National Technical Information Service
5285 Port Royal Road
Springfield, Virginia 22161

Federal Government agencies and their contractors registered with Defense Technical Inf-rmation
Center should direct requests for copies of this report to:

,'i .- Defense Technical Information Center
Cameron Station
Alexandria, Virginia 22314

U TECHNICAL REVIEW AND APPROVAL

AFAMRL-TR-83-058

'T'his report has been reviewed by the Office of Public Affairs (PA) and is releasable to the National
Technical Information Service (NTIS). At NTIS, it will be available to the general public, including
foreign nations.

Thi2 technical report has been reviewed and is approved for publication.

FOR THE COMMANDER

AN

HENNINý. VON GIERKE, Dr Ing
Director
Biodynamics and Bioengineering Division
Air Force Aerospace Medical Research Laboratory

A4



SECURITY CLASSIFICATION OF TMIS PAGE ("Ona Date. tno

REPORT DOCUMENTATION PAGEBEOEC4PENGFR
A.REPORT TP-83- 03 2. 43OVT ACCESSION NO. 3. RECIPIENT'S CATA600O 14UMGIER

4. TTI.I (Mdsubule)S. TYPE OF REPORT 4 PIRIOO COVERED
Technical Report

DEVELOP1?t= OF AN ItlEI~RACT11,T COMPUTZR A.ril 19;82 - "',ucust 1982
P ROGR~AM TO PrPODur_ BODY DECIPI! DATA S. PEPPORNING ORo. REPORT NUMBER

7. AUTmOft'e) I. CONTRACT OR GRANT NumOZER(e)

L. Douglas Baughmnan 6~8--5i

_1.PERFORMING ORGANI11ATION NAME AMC ADDRESS 10. PROGRAM ELEMENT. PROJECT. TASKr

University of Dayton R~esearch institute AE OKUI U8P

300 College Park Avenue 622021i' 7231*-173-iU1
Dayton, Ohio 45469

11. CONTROLLING OFFICE NAMSE AMO AOORELSS Air Force Aero- 12. REPORT DATE
space Medical Research Laboratory, Aero- July- ý983
space Medical Division, Air Force Systems 13. NuiM§Z OF PAGES 7'* ~~Command, Wright-Patterson AFB, Ohio 45433 _____________

J&. MONITORING AGENMCY NAME A A0011ESS(tit 411,1emei 1 CmnteuI1111d 0111c*) 1S. SECURITY CLASS. (ofthi t re PtI)

Unclassified

S.Or-Cj ASSIFIICATION! OOWNGPRAOING

16. OISTRI@UTIOM STATEMENHT (*Itif Al. r~t)

Approved for public release, distribution unlimitedý.

17. OISTRISIJTION STATEMENT (of th* 461O~W moffl , IR 8I..A 20. It diftlOngi IfW Report)

Is. SUPPLEMENTARY NOTES

AFA:'IRL Contact: flark '4. Hoffman, AFAMT"PL/BBZ'i, 513/255-3667

It, KEy WOROS (Contin,. on rorwoo otde It Ao*00e* onEd IdsettfY107b 6#ac* ftbor)

Anthropometry Inertial Properties
* Body Description Data

Body Dynamics
Crash Simulation

ZOt"A4STRACT (CaoulrgO an ,oveOr sid. it M06e00oI anE ldoneifF bV blo0CA numbs")

!---(This report documents program CEBOD (C-Enerator of BODy data) an
interactive computer programi which produces the body des criptior. nor-
tion of the ATB (Articulated Total Bcdy) Model input deck. The A-B
Model simulatps the motion and dy, namic properties of t~he human baod'
during events such as aircraft flight seat ejection ar-3 automobile
crashes. This simulation requires trie mass, center of gravity loca-
tior, contact surface dimensions, joint locations, principal moments

DDO I F, 1473
SECURITY CLASSIFICATION OF ~THIS P'AGE '*%am Z)818 Entered)



SUMMARY

Program GEBOD was developed in order to automate production of

the body description portion of the ATB Model input deck. The ATB
"* Model simulates the motion of the human body during dynamic events

such as automobile crashes and aircraft cockpit ejections. It re-

quires mass, center of gravity location, contact surface dimensions,

principal moments of inertia and their associated directions for each
of 15 body segments. Additionally, the ATB Model requires data lo-

cating the 14 joints that connect the body segments for body descrip-

tion.

The starting point for program GEBOD was a program written by

Calspan Corporation named program GOOD, which was also designed to

produce body description data for crash simulation models. A series

of modifications and improvements to program GOOD resulted in program

GEBOD. This report details those modifications and improvements.
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GLOSSARY OF TERMS

Anthropometry: The study of human body dimensions.

Axilla: The arm pit.

Iliocristale: The most superior point on the rim of the pelvic bone.

Inertial Properties: The mass, center of gravity location, principal

moments of inertia and associated directions of a
body.

Numerical Integration: Approximating the value of an integral by

arithmetic computations.

Tenth Rib: The lowest palapable rib in the mid-axillary line.
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LIST OF ABBREVIATIONS, ACRONYMS, AND SYMBOLS

AFAMRL/BBM - Modeling and Ar. "ysis Branch of the Air Force Aerospace

Research Laborat- y.

ATB Model - Articulated Total Body Model.

CVS - Crash Victim Simulator.

DDi - The ith measurement of the set of 32 body measurements

used by both program GEBOD and program.

GOOD - Generator Of Occupant Data.

GEBOD - Generator Of Body Data.

ROS - Revised Occupant Simulator.

UDRI - University of Dayton Research Institute.
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SECTION 1

INTRODUCTION

The development of mathematical/computer models capable of pre-

dicting the motion of the human body in a dynamic environment has

created a need for extensive data describing human geometry and iner-

tial properties. These models have been used to predict body motion

during events such as automobile crashes and aircraft cockpit ejec-

tions and are capable of pointing out potentially hazardous designs

for these two environments. Various methods have been utilized to ob-

tain the required body description data: predominantly the use of

cadavers (eg., Chandler, et al., 1975 and Walker et al., 1973) and

mathematically constructing geometric models of the human body (eg.,

Hanavan, 1964).

Calspan Corporation developed Program GOOD (Generator Of

Occupant Data, Bartz and Gianotti, 1973) in order to automate the pro-
I duction of input data sets for the Crash Victim Simulator (CVS) Pro-

gram (Bartz, 1971, also Fleck et al., 1975), and the Revised Occupant

Simulator (ROS) Model (Segal, 1971). Both of these are computer pro-

grams developed by Calspan for the simulation of occupant dynamics

during automobile crashes, the ROS Model in two dimensions, and the

CVS Program in three-dimensions. The Articulated Total Body (ATB)
Model (Fleck and Butler, 1975, also Butler and Fleck, 1980) was

developed from the CVS Program, by incorporating modifications to pro-

vide the additional capabilities needed to simulate the various as-

pects of aircraft cockpit ejections. These modifications were per-

formed by Calspan Corporation under the sponsorship of the Modeling

and Analysis Branch of the Air Force Aerospace Medical Research Lab-

oratory (AFAMRL/BBM), and were incorporated into the previous CVS

Program as user available options.

The ATB Model performs simulations bý viewing the human body as

a series of connected rigid bodies, each referred to as a body seg-

ment. The ATB Model is flexible as to how many segments are used in

modeling the human body. The standard configuration, presentl, being

7
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used, consists of 15 segments, which is illustrated in Figure 1. For

each of these body segments the ATB Model requires segment mass,

principal moments of inertia, and semiaxes of an ellipsoid approxi-

mating the shape of the body segment. Also required are the locations

of joints connecting the body segments.

The subject of this report is the development of an interactive

computer program which will produce data sets for the ATB Model corre-

sponding to specific types and sizes of human beings. This program

has been named GEBOD (Generator of Body Data) and is an extensively

modified version of Calspan's Program GOOD, with modifications being

done by the University of Dayton Research Institute (UDRI) . The

changes made to Program GOOD in the development of GEBOD include the

following:

1. an interactive format for the input of parameters describ-

ing the subject for which body description data is to be

produced

2. body dimensions are obtained from regression equations in-

stead of usi.'q a fixed percentile (see Appendix C)

3. restructuring the torso segments (thorax, abdomen, and

pelvis)

4. development of a new technique for determinign inertial

properties of the torso and the feet segments

5. the units used for handling of data within the program were

changed and allowance was made for results to be output in

either metric or English units

6. format changes of the output making it compatible with the

most recent version of the ATB Model.

I
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1. Head

2. Neck

3. Thorax

4. Abdomen
5. Pelvis

6. Right Upper Arm

7. Right Lower Arm

8. Left Upper Arm

9. Left Lower Arm

10. Right Thigh

11. Right Calf

10 13 12. Right Foot
13. Left Thigh

14. Left Calf

15. Left Foot

Figure 1. Fifteen Segment Configuration Commonly Used
With Articulated Total Body (ATB) Model.
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SECTION 2

BODY DIMENSION SET

All the computations performed by Program GOOD are based on a

set of 32 body measurements. These are used to determine sizes of

body segments and the location of joints connecting them. GEBOD

also uses this set of body measurements, which is listed in Table 1.
th "

Through the remainder oZ this report references to the i body mea-

surement will be made as DDi.

GEBOD has two ways of obtaining values for the required 32 body

measuremcents. These measurements can either be read in from a disk

file placed on the computer system by a user of GEBOD, or they can

be generated by GEBOD using regression equations. There are three

groups of regression equations stored within GEBOD. These groups

correspond to possible subject types: adult male, adult female, or

child. Within each group there are regression equations for each of

the 32 body measurements. Both the adult male and the adult female

groups contain three regression equations for each body measurement:

one against height, one against weight, and the third a stepwise

multiple regression equation against both height and weight. The

child group contains four regression equations per body measurement:

one against height, one against weight, one against age, and the

fourth a stepwise multiple regression against height, weight and age.

These different regression equations were developed to provide the

user a flexible means for generating data sets.

All of the regression equations stored in GEBOD were computed

from data in the AFAMRL Anthropometric Data Bank. A survey containing

data on 2,420 male flying personnel of the U.S. Air Force (Grunhofer

and Kroh, 1975) was used in the development of the adult male regres-

sion equations. For the adult female regressions a survey consistinfc

of data on 1,905 women in the U.S. Air Force (Clauser, e-- al., 1.972)

was utilized. The child regression equations were computed from

survey consisting of data on 3,782 children aged two to twenty years,

10
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TABLE
CORRESPONDENCE BE4;EEN 3: BODY D:.rNS:O1, USED s AND THE:1 SOURCZES

CHILDREN'S ADULT FEMALE ADULT KALE
SNM POPULATION POPULATION_ ?OPMLATION

"I Age I01 "" ""
.0 weight Ll L 2 L2

1 Standing Height L52"7L

2 Shoulder Height L61 "o5
3 Armpit Height L6 2  Lo10  L5 3/, i5 L -IC3/7
4 Waist Height L6 9  L1 3  L2

S Seated Height L9  L5 L32

6 Head Length L2 0  L9 6  L5

7 Head Breadth L1 9  L9 7  51 5 6

8 Head to Chin Height L25 L1 0 4  L179

9 Neck Circumference L3 2  L36 66

10 Shoulder Breadth L3 6  L6 3  50

11 Chest Depth SEM (L6 4 , L6 3 ) L74 L62

12 Chest Breadth L6 4  L65 L52

13 Waist Depth S, (L 6 ,, L66) L7 5  L63
"14 Wai.st Breadth L6, L6 7 L53

15 Buttock Depth SEMI(L 7 2 ' L7 1 ) L7? L6 4

16 Hip Breadth, Standing L,2 L6 8  L SI

17 Shoulder to Elbow Length L37  53 1  42

18 Forearm-Hand Length L4 1  L3 2 44 3 LL L18

19 Biceps Circumference L3 9  L55 ,L 05 - L L0 6 * 1 0 7:/4

20 Elbow Circumference L4 3  L559 L1 0 9

21 Forearm Circumference L43  L60 L110

22 Wrist Circumference L545 L62 L 1 2

23 Knee Height, Seated L15 1. L i L 4 6 /(2r) L37

:4 Thigh Circumference L7 7  L4 5  L

25 Upper Leg Circumference (L 7 7  L l8 1 )/2 i5 4 5 * L4 6 )/2 98

26 Knee Circwnference (L5 7 * L8 1)/2 L 4 6  L9 9

27 Calf Circumference L8 1  L 4 7  1,00

28 Ankle Circumference Ly "49 L1 0 2

29 Ankle Height, Outside L8$ L 21  L31

30 Foot Breadth L8 7 L9 5  L. 2 7

31 Foot Length L8 6  L9 4  L1 2 5

NOTE

1) LI refers to the ith dimension of the appropriate anthropometric survey.

2) SEMI(a, b) is a function returning One axis length of an ellipse where b is the circum.ference
of the ellipse, and a is its other axis length.

A , . . ..
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from throughout the United States (Synder, et al., 1977). In the case
of the child regression equations, some of the regressions were based
on data pertaining to only a subset of the total population.

None of the three anthropometric surveys used included all of
the measurements needed. In t~hose cases where a needed measurement
was missing from a survey it was approximated from available measure-
ments. Table 1 lists the measurements actually used from each survey
and indicates any approximations made. Appendix D gives a complete
listing of the regression equations computed.

12
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SECTION 3

BODY GEOMETRY

The structure and appearance of the human model as depicted by

the ATB Model is determined from contact ellipsoid semiaxes and joint

locations. A contact ellipsoid is associated with each body segment,

giving the segment shape and providing an interaction surface between

the segment and its environment. The joints connect segments and

serve as pivot points about which rotational motion is allowed.

A joint is located relative to the two segments it connects

(see Table 2). For example, the elbow joint is located by two sets
of three-dimensional coordinates: cne set relative to the local ref-

erence system of the upper arm; the other relative to the local refer-

ence system of the forearm. Local reference systems (also referred to
as segment geometric axis systems) are located at each segment's

center of mass with an arbitrary orientation. The orientation of each

of these axis systems, relative to the geometry of its segment, may

be chosen so as to provide maximum convenience in inputting data items

to the ATB Model.

Each local reference axis system is fixed within its segment,

and thus changes orientation as the orientation of its segment is

changed. For us- with GEBOD the local reference axis systems have

been chosen so that they all have a common orientation when the model

is an erect standing position, arms extended downward, and toes point-

ed straight down. When the segments are positioned as described the

X axis of each local reference system points forward, each Y to the

right, and each Z downward, all relative to the model (see Figure 2).

GEBOD computes joint locations by use of the expressions listed

in Table 2. These expressions were developed by using the geometric

center of each segment (the geometric center of a segment is the cen-

ter of that segment's contact ellipsoid) as an approximation for its

13



F Ii

RIGHI SIDE VIEW FRONT VIEW

LEGEND:

LOCAL REFERENCE SYSTEM• ORIGINS JOINTS

I - PELVIS 9 - LEFT THIGH -M - ABDOMEN-PELVI S T - LEFT HI P
2 - ABDOMEN A - LEF CALF N - THORAX-ABDOMEN U - LEFT KNEE
3 - THORAX 9 - LEFT FOOT 0 - NECK-rHORAX v - EF'T" ANKLE
4 - NECK C - RIGHT UPPER ARM P - HEAD-NECK W - RIGHT SHOULDER
5 - MEAD D - RIGHT FORE ARM 0 - RIGHT HIP X - RI GMT ELBOW
6 - RIGHT THIGH E - LEFT UPPER ARM R - RIGHT KNEE Y - LEFT SHOULDER
7 - RIGHT CALF F - LEF' FORE ARM S - RIGHT kNKLE Z - L5"r E1.30,11
9 - RIGHT FOOT

NOTES:

1. EXCEPT IN THE CASE O'F THE FEET THE LOCAL REFERENCE AXES ARE LABELED AS FOLLOWS:
A. ALL VERTICAL AXES ARE Z AXES
B. ALL HORIZONTAL AXES IN THE FRONT VIEW ARE Y AXES
C. ALL HORIZONTAL AXES IN THE RIGHT SIDE VIEW ARE X AXES

2. IN THE CASE OF THE FEET THE LOCAL RFERENCE AXES ARE LABELED AS FOLLOWS:

A. ALL VERTICAL AXES ARE X AXES
B. 80TH HORIZONTAL AXES IN THE FRONT VIEW ARE Y AXES

ýq C. THE HOR!ZONTAL AXIS IN THE RIGHT SIDE VIEW IS THE Z AXIS

3. IN THE RIGHT SIDE VIEW ONLY LIM8 SEGMENTrS ON '1HE RIGHT SIDE OF THE BODY ARE SHOWN

' Figure 2. Local Reference Axis Systems and Joint
Locations Used By GEBOD to Prepare
Input Data for the ATB Model.
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center of gravity. Joint coordinates computed using these expres-
sions, then, are not actually relative to segment local reference
systems, but to a parallel set of axes located at the geometric cen-
ter. Once GEBOD has computed the true location of the segment cen-
ters of gravity, the appropriate translation is applied to convert to
the true local reference systems.

Relative to the segment axis systems described it has been
possible to make certain assumptions, simplifying the development of
the expressions for joint locations listed in Table 2. First, the
X coordinate of all joints relative to appropriate local reference
systems, with the exception of the ankles relative to the feet, are
zero. Secondly, it is assumed that the only joints with non-zero Y
local reference coordinates are the shoulders relative to the thorax
and the hips relative to the pelvis (see Figure 2).

Using all the assumptions mentioned the expressions for joint
locations as functions of body dimensions were developed, and are
listed in Table 2. Similarly, expressions for contact ellipsoid semi-
axes are listed in Table 3. Many of these expressions are very
straightforward and in many cases have been taken directly from Pro-
gram GOOD. Others, however, are more complicated and require further
explanation.

3.1 DETERMINING EXPRESSIONS FOR JOINT LOCATIONS AND SEMIAXES OF
TORSO SEGMENTS

The way in which the torso is divided into three segments is
somewhat arbitrary and has varied over the time that the CVS Program

and the ATB Model have been in existence. Program GOOD produces data
describing an upper torso that only extends down to the axilla area,
with the mid torso then extending from the axilla down to the waist.
Present usage of the ATB model defines the mid torso or abdomen as ex-
tending from the tenth rib landmark to the iliocristale landmark, with
the thorax being all of the torso above, and the pelvis being all of
the torso below. Because of this change in the definition of torso
segments, joint locations and semiaxes lengths were changed from those
given by Program GOOD for the torso.

15



TARLE 2

JOINT LOCATIONS RELATIVE TO LOCAL REFERENCE AXIS SYSTEMS

RELATIVE
JOINT TO LOCATION

X Y

Abdomen pelvi.s pelvi.s 0.0 0.0 (DDI-DDs5DD 40.1(D2- DD4) ),/2

abdomen 0.0 0.0 (DD 2 -DD4 )/io

Thnorax-abdomen abdomen 0.. 0.0 -(DD2-DD)4 )U/10

thorax 0.0 0.0 9(DD 2-DD4 )/20

Neck-thorax thorax 0.0 0.0 -9( DD2-DD4 )/20

n e c k 0 . 0 0 . 0 ( D D I -D D - 2 -D D -9

DD 9
mead-neck neck 0.0 0.0 -(DDI-DD - DD2- -17)/2

DD9
head 0.0 0.0 (DD8 + 0 9 )/2

R~i.h.. hip pelvis 0.0 (DD6 - . 2-4)/2 (DD4 -(DD2 -DD4)/10-DD DD - "D24)/2

right thigh 0.0 0.0 -(DD 0-DD5 -Dr 2 3  ri2)/2

DD24
Right knee right thigh 0.0 0.0 (DD1 -DD5 -DD2 3 + - )/2

DD28 DD 26
right calf 0.0 0.0 -(DD 2 3 -DD2 9+ =,__

DD2 "
Right ankle right calf 0.0 0.0 (DD2 3 -DD2 9 - - --)/2

DD 29 !D28 ,i]-

right foot -.- 0.0 -(DD31' U,

DD 2 4  DD)/10- D 24-
Left hip pelvis 0.0 1(DD16- /2 (DD4-(DD 2-D4/ 10- )

DD26
left thigh 0.0 0.0 -(0 1DD 1 5 -DD 2 3 + -)/2

0024

Left knee left thigh 0.0 0.0 (DD,-DD-DD23+ D24)/2

DD28 DD26
left calf 0.0 0.0 -(DD23-DD29÷ -*- )

DD28 )/2

Left ankle left calf 0.0 0.0 (DD23-DD29- -)/2
DD 9 DD 8-

left foot 02 0.0 -(DD3- -)/2

Right shoulder thorax 0.0 (DD0- DD)/2 -(DD- DD OD 19

OD. 9
right upper arm 0.0 0.0 -(DD0 - -1)/2

DD20
Right elbow right upper arm 0.0 0.0 (DD17- -r--)/2

DD20
right forearm 0.0 0.0 -(DD00 - ,)/2

16

-I.. . .• -,.. • , . . . .. . ......---



T'A~r 2 (Cont•nued)

DO 19 D19

Left abou4der thorax 0.0 -(DD 0o- -1,'2 -(DD2-DD 3 - -

leftDO, 9 o1Qt: pe • .00.0 -(DD1?- -1--•)/2 -

D2 0O
Left elbow left upper arm 0.0 0.0 (DD 7?- i-tU2

DD 20

left forearm 0.0 0.0 -(DDl$- U2

17
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TABLE 3

CONTACT ELLIPSOID SEMIAXES

SX SEMIAXZIS Y SEMIAXIS Z SEMIAX!S

DDI DOI ,
Pelvis is 016 (DD4ODD5 -DDO-0.1(OD 2 -D 4D,)/2

DD13 DD14 DO09
Abdomen -(DD2-DD4)/10+

DDI DOD12
Thorax -T- 12 .45(DD 2 -DD 4)

DD9 DD9  DD9Neck 2-(DOD-DDO - /2

DD 6 DOD7 DD 9
Head -- (D08 -0,-) /2

DO24÷DD25 0024+DD25 DDO4DD26O
Right a2nd Left Thigh 4 2 472 (DO-DOs-DD23+ 2

DD 27 DD 27 DOD28
Right and Left Calf -- 0 (DD 23-D229÷ )/2

DD29 DD30 DO31
Right and Left Foot 2-9----3

DDI DDI DD,7
Right and Left Upper Arm -- 9- 0019 -0 -

DD 21 DOD21 DODis
Right and Left Forearm 2 2

18
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Since none of the 32 body measurements being used give tenth

rib height, the landmarks located in the two stereophotometric

studies (Baughman, 1981 and McConville et al., 1980) were examined.

It was found that the ratio of thorax height (vertical distance be-

tween suprasternale and tenth rib midspine) to abdomen height (verti-
cal distance between tenth rib midspine and right iliocristale) aver-

ages about 4:1. Using this result the distance between the thorax-

abdomen joint and the abdomen-pelvis height was set to be one-fifth

of the difference between shoulder height and waist height

[(DD2 - DD4 )/5].

When developing the expressions for torso joint locations,
these locations were first laid out in a global setting, with axes

origin on the floor (that is vertical distance from the floor). The

top of the thorax was determined by shoulder height (DD2 ), and the

distance from the floor to the bottom of the pelvis was taken as the
difference between standing height and seated height (DD1 - DDs5 ).

The center of the abdomen was then located by waist height (DD4 ).
The abdomen-pelvis joint and the thorax-abdomen joint were located so
that the center of the abdomen is mid-way between these two joints

(recall that the distance between these two joints is [(DD2 -DD 4 )/5]).

The center of the thorax was then placed mid-way between the thorax
abdomen joint and top of the torso, and the center of the pelvis was

placed mid-way between the bottom of the pelvis and the abdomen-pelvis

joint. From these global locations the expressions for local refer-

ence system coordinates of torso joints were determined.

The Z semiaxis of the pelvis contact ellipsoid is set to the
distance from center of the pelvis to the abdomen-pelvis joint. This

causes the pelvis contact ellipsoid to cover the pelvis vertically

from the abdomen-pelvis joint to the bottom of the pelvis (DD1 - DD5 ) ,

since the pelvis center is mid-way between these points. Similarly,

the Z semiaxis of the thorax contact ellipsoid is set to the distance
from center of the thoraxc to the thorax-abdomen joint, which results

in the contact ellipsoid covering the thorax from the top of the

thorax (DD2 ) to the thorax-abdomen joint. For the resulting model to
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have a proper appearance there must be some overlap between adjacent
contact ellipsoids. Since this overlap is primarily for appearance,
the extent of overlap utilized is the neck radius (DD29 /2"T) . This is
the amount that the abdomen contact ellipsoid overlaps both the thorax

contact ellipsoid and the pelvis contact ellipsoid.

3.2 DETERMINING EXPRESSIONS FOR JOINT LOCATIONS AND SEMIAXES OF THE
HEAD AND NECK

As in the torso, segment centers and joint locations involving
the head and neck were first laid out globally. First, the top of
the head was placed at standing height (DDI), and the neck-thorax

joint was placed at shoulder height (DD2 ). In order to provide over-
lap the Z semiaxis of the head is set to one half the quantity head
height plus neck radius

DD9 -
[(DD8 + D-)/2].D

The center of the head is then determined by standing height minus the
Z semiaxis of the head, and the head-neck joint is located by stand-

ing height minus twice the Z semiaxis of the head. The center of the
neck is located mid-way between the head-neck joint and the neck-

thorax joint. The top of the neck contact ellipsoid is desired to be
at standing height minus head height (DD1 - DD8 ), so the Z semiaxis

of the neck contact ellipsoid is set to the distance between this lo-
cation and the center of the neck.

3.3 DETERMINING EXPRESSIONS FOR ANKLE LOCATIONS RELATIVE TO THE FEET

As with other limb segments, the Z reference axis of either foot
runs the length of the segment (from heel to toe, see Figure 2). For
simplicity in developing expresssion for joint locations, the foot is
viewed in a normal position for a standing model. This rotates the
foot reference system 900 from the reference system of other systems,
i.e. Z forward, X upward, and Y to the right. The ankle joint is then
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a vertical distance of ankle height (DD29 ) from the bottom of the

foot, or one half this distance from the center of the foot. In the

Z-horizontal direction the ankle joint is located as being ankle

radius (DD29 /27) in front of the back of the foot, and the center of

the foot is located at one-half foot length (DD3 1 /2) from the back of

the foot in this direction.

3.4 DETERMINING EXPRESSIONS FOR JOINT LOCATIONS AND SEMIAXES OF
LIMB SEGMENTS

The remainder of the joint and semiaxis expressions were taken

directly from Program GOOD. A concept used in developing expressions

for many of these semiaxes and joint locations is that of spherical

joints. The usage of this concept is illustrated in Figure 3.

3.5 CONCLUSION

Using the criteria discussed, the expressions in Table 2 for

joint locations and the expressions in Table 3 for contact ellipsoid

semiaxes have been developed. When used with a set of the 32 body

dimensions corresponding to a subject of a specific type and size,
these expressions provide values necessary to determine the structure

and appearance of the human model utilized by the ATB Model.

2.
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SHOULDER
SPHERE

SHOULDER TO
DO5 ELBOW LENGTH

SEATED ELBOW ( t
HEIGHT SPHERE

DO'S
FOREARM-HAND001

DO ~WRIST
OVERALL SPHERE

HEIGHT SPEE(L i 002

RH HIP SHOULDER
/SPHERE HEIGHT

SPHERE

~-T- KNEE
SPHERE

OD 23a
KNEE HEIGHT, SEATED

C,///// ANKLE777.~~4SPHERE
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Figure 3. Spherical Joint Concept Developed for Program GOOD and
Used to Determine Joint Locations relative to Limb
Segments.
Radii of these spheres are as follows:

Shoulder Sphere DD1 9 /(27T)

Elbow Sphere DD2 0 /(27r)

Wrist Sphere 1D2 2 /(2Tr)

Hip Sphere DD2 4 /(27)

Knee Sphere DD2 6 /(27r)

Ankle Sphere DD2 8 /(2-,)
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SECTION 4
INERTIAL PROPERTIES OF BODY SEGMENTS

The inertial prcoerties of a body refer to its mass, principal

moments of inertia and associated directions, and the location of its

center of gravity. The ATB Model requires direct input of the mass

and principal moments of inertia of each segment, as well as the

directions of the principal moments, relative to the local reference

axes. Use of local reference axis systems, which are located with

respect to segment centers of gravity, to specify joint locations in-

directly locate the segment centers of gravity. Thus, direct input
of center of gravity locations to the ATB Model is not necessary.

The distribution of mass within the human body greatly affects

the inertial properties. For simplicity it is assumed that the human

body is homogeneous, and thus, each individual body segment is homo-

geneous and has the same density as does all the other body segments.

Program GOOD determines inertial properties of a segment by

calculating the inertial properties of that segment's contact ellip-

soid (see Appendix E). These inertial properties are then taken as

approximations to the inertial properties of the segment. The density

used in these computations is determined by first computing the volume

of all the contact ellipsoids combined. From this total a density may

be determined such that the mass of all the segments combined will

equal the desired total mass of the body (DD0 ).

Program GEBOD also uses this technique for computation of

inertial properties of the head, neck, upper and forearms, and thighs

and calves. For the torso segments and the feet GEBOD uses a techni-

que similar to that developed by Leet (1978). This involves modeling

a segment by a right elliptical solid that satisfies two criteria:

1) each horizontal cross section (parallel to the local re-

ference XY plane) is an ellipse,
2) the center of each of these elliptical cross sections lies

on the Z local reference axis.
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The inertial properties of this model are then calculated and taken

as approximations to the inertial properties of the segment.

The right elliptical solid used for the torso segments is illus-

trated in Figure 4a. It consists of four pieces. The top is a semi-

ellipsoid. Below this av.e two elliptical frustrums. The bottom of

the model consists of another semi-ellipsoid. The right and left

feet use identical models which are elliptical frustrums. The dimen-

sions of the frustrums and ellipsoids used in these models are deter-

mined from the body dimension data as indicated in Figures 4a and 4b.

Numerical integration is used to compute interial properties of

the right elliptical solids. Successive approximations are made to

the model by stacks of elliptical cylinders. Within each approxima-

tion all cylinders are of the same height. Each successive approxima-

tion uses m-re cylinders of a lesser height than the previous. After

each approximation the combined volume of all cylinders within the

stack is compared back to the combined volume of the previous stack.

When the difference between these two volumes drops below a specified

tolerance level, the inertial properties of the combined stack of

cylinders (see Appendix E) are taken as the inertial properties of the

right elliptical solid. These inertial properties are then used as

approximations to the inertial properties of the segment in question.

Program GEBOD determines the density to be used in computation

of inertial properties in much the same way as does Program GOOD.

The combined volume of all models used to determine inertial proper-

ties (both ellipsoids and right elliptical solids) is computed and a

density is determined so that the total mass of these models will

equal the desired total body mass (DD0 ). The ratio of this density

to the density of water (which approximates average human body den-

sity) is listed with other results of Program GEBOD as a weight cor-

rection factor.

The center of gravity of the models used to approximate segment

inertial properties are taken by GEBOD as the true locations of seg-

ment centers of gravity. In developing expressions for joint
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Figure 4. Cross Sections of Right Elliptical Solids Used
to Approximate Segment Inertial Properties.
(a) Solid used with thorax segments.
(b) Solid used with feet segments.
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locations (see Section 3), the origins of local reference systems
(i.e., segment centers of gravity) were approximated by contact

ellipsoid centers. Once GEBOD has developed the models for inertial

properties joint location coordinates must be converted, correspond-

ing in each case to a translation of axes from a contact ellipsoid
center to the center of gravity of the model used to compute inertial

properties. Since an ellipsoid is completely symmetrical, its center

of gravity is located at its center, which agrees with the assumed
location of the local reference systems. The right elliptical solids,

however, are only symmetric about the Z axis. So, in general, the

location of the center of gravity of this model does not correspond
with its center in the Z direction. The torso segments and feet seg-

ments, which use this type model in computation of their inertial
properties, are the only segments in which the center of gravity does

not coincide with the center of the contact ellipsoid. Because this

moves the location of the local reference system of these segments in

the Z direction, the Z coordinates of joints located relative to these

segments are adjusted for this change, after computation of inertial
properties. This adjustment of joint Z coordinates completes the

computations performed by GEBOD in order to determine body descrip-

tion data.
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APPENDIX A

USER'S GUIDE

The computer program GEBOD was written in Perkin-Elmer Fortran

VII and was developed and tested on the Perkin-Elmer 3240 located at

Building 441, Wright-Patterson Air Force Base; Dayton, Ohio. This

version of the Fortran VII programming language meets the ANSI '77

standard for Fortran, and thus, GEBOD should be portable to any sys-

tem supporting an ANSI '77 standard Fortran.

GEBOD utilizes five logical units. Prompts for the user are

written to logical unit 5. User input is received through unit 7.

Body description data produced by GEBOD is written to both units 3

and 9. Data written to unit 3 is ready for insertion into the ATB

Model input deck, whereas the data written to unit 9 (see Appendix B),

is a tabular presentation of the data. If the user chooses to supply

a specific set of the 32 body dimensions (see Table 1), this data is
received through unit 1. The data must be supplied in four 80 charac-

ter records, each record containing values for 8 of the body measure-

ments. The values for the body measurements are listed in sequential

order on these records with each record using an (8F10.3) format.

The remainder of this appendix is a flowchart describing options

available to the user of GEBOD.
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_ _ _ _._

PROGRAM GEBOD
GEBOD GENERATOR OF BODY DATA
SUITABLE FOR INPUT TO THE ATB MODEL
PLEASE ENTER A DESCRIPTION OF THE SUBJECT (<60 CHARS.)

1) CHILD (2 - 19 YEARS)
2) ADULT FEMALE
3) ADULT MALE
4) USER SUPPLIED DIM.

ENTER NUMBER CORRESPONDING TO DESIRED SUBJECT TYPE
[ENTER ISUBI

• . t ( ~POINT C'),t

SELECT UNITS FOR USER SUPPLIED DIM.,•Y 1) ENGLI SH "

2) M2TR I C

N[TENTER IUNIU • , SELECT UNITS FOR OUTPUT

11 ENGLt SH •
2) METRI C

PENTER IUNI

IS ATB MODEL FORMATTED OUTPUT DESIRED IY'N?
v YES

I•EIS IT DESI RED TO PRODUCE'ANOTHER' :
BODY DESCRIPTION DATA SET (YIN) A = -,

(E TER ANSI NO.

.. o

1) WEIGHT SO
2) STANDING HEIGHT

>YES 3) ALL OF THE ABOVE

ENTER NUMBER CORRESPONDING TO

NO PREDICTING DIMENSION(S) TO BE SUPPLIED
jIENTER IDIMI

0) AGE
I) WEIGHT
2) STANDING HEIGHT

3) ALL OF THE ABOVE Go TO POINT A

ENTER NUMBER CORRESPONDING TO
PREDICTING DIMENS)ONIS) TO 3E SUPPLIFI.

IENTER IDIMI ",
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POINT AENEVAUFOAG

SELECT UNITS FOR AGEYES

IMOR YES 1) MONTHS U1

IDIM-3 2) YEARS
IE1WJER IUNINO

ENTER VALUE FOR AGEIIIN THE RANGE 2.000 20.00

ENTER VALUE FOR STNINWEIGHT

I~tM*SELECT UNITS FOR STNINWEIGHT1 II-

NO(NERINTEI AU O TNIGHIH

IN THE RANGE 11.31 1124.4

ENE AU ORSADN E
INTHOANE 201 765

I~te ELET NIT FR SANINGHEGHT 2SE



POINT 8

NO II~

YES ENTER VALUE FOR WEIGHT

SELECT UNITS FOR WEI GHT IN THE RANGE 85.0 200.0

1) LOS YESE

(ENTE IUIUN o1

ENTER VALUE FOR WEIGHT

NOYES I N THE RANGE 38.56 90.72

NO IYNO

INN TH RAG 53.52 19.

YES NO ENTER VALUE FOR WTNlN EIGHT

[IN THE RANGE 628.17 ,77.64

YES

UNo1

30 E AU FRWIH

.ýH RAG 535 119.7..



APPENDIX B

SAMPLE OUTPUT FROM PROGRAM GEBOD

TEST OF 5'10" MALE WEIGHING 15OLB.

ADULT MALE

SELECTED BODY DIMENSIONS

WEIGHT 150.0 LBS
STANDING HEIGHT 70.00 IN

COMPUTED BODY DIMENSIONS

0 WEIGHT 68.04 KGRAMS
1 STANDING HEIGHT 177.8 CM
2 SHOULDER HEIGHT 145.1 CM
3 ARMPIT HEIGHT 130.4 CM
4 WAIST HEIGHT 107.2 CM
5 SEATED HEIGHT 93.12 CM
6 HEAD LENGTH 19.74 CM
7 HEAD BREADTH 15.42 CM
a HEAD TO CHIN HEIGHT ZZ.79 CM
9 NECK CIRCUMFERENCE 36.63 CM

10 SHOULDER BREADTH 40.01 CM
11 CHEST DEPTH 22.58 CM
2z CHEST BREADTH 30.80 CM
13 WAIST DEPTH ZO.03 CM
14 WAIST BREADTH Z8.39 CM
15 BUTTOCK DEPTH Z1.75 CM
16 HIP VREADTHSTANDING 33.59 CM
17 SHOULDER TO ELBOW LENGTH 36.05 CM
18 FOREARM-HAND LENGTH 49.41 CM
19 BICEPS CIRCUMFERENCE 29.01 CM
20 ELBOW CIRCUMFERENCE 30.19 CM
21 FOREARM CIRCUMFERENCE 26.74 CM
zz WRIST CIRCUMFERENCE 17.03 CM
23 KNEE HEIGHT,SEATED 55.61 CM
24 THIGH CIRCUMFERENCE 53.79 CM
25 UPPER LEG CIRCUMFERENCE 36.74 CM
26 KNEE CIRCUMFERENCE 37.30 CM
Z7 CALF CIRCUMFERENCE 34.9Z CM
ze ANKLE CIRCUMFERENCE 21.41 CM
29 ANKLE HEIGHT,OUTSIDE 13.83 CM
30 FOOT BREADTH 9.601 CM
31 FOOT LENGTH 26.88 CM

WEIGHT CORRECTION FACTOR 1.110

31
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APPENDIX C

COMPARISON OF REGRESSION TO PERCENTILE BASIS
FOR BODY DIMENSIONS

Program GOOD computes values of body dimensions for a particu-
lar subject by using two fixed percentiles. The user selects a per-
centile for stature, and dimensions 23 through 31 (see Table 1) are
computed to be the same percentile. The user also selects a per-
centile for sitting height, and dimensions 2 through 22 and 32 and
33 are computed to be this percentile. The percentile values are
computed by use of a mean value and standard deviation for each
body dimension, along with the assumption that each of the body
dimension measurements are normally distributed.

The problem with this approach is that when component dimen-
sions are all set to a fixed percentile, the resulting whole is of
a different percentile. This can be illustrated by considering
three populations A, B, and C. Each of these populations consists
of n measurements, referred to as ai, bi, ci (i = 1, n), and for

1
each i (i = 1, n) ai + bi = c. The mean of the A, B, and C popu-
lations are i, E, and c, respectively, and sa, sb" sc are the
respective standard deviations of the three populations. Assuming
a normal distribution for each of the populations, a specific per-
centile point may be computed as being a certain number of standard
deviations away from the mean. Thus if am, bm, and cm are the mth

percentile points of their respective populations, there exists an
* such that a = a + aSa, b = b + asb, and cm = c + asc. Ideallym a in c
am + bm = cm, however, in general this is not the case, as is shown

in the following:

C= c + sc c. 2

Ci + n- (Ci n )

= (a + bi) + a [(ai + b. - a b))21
n 1 n-il b

=a + b + ((ai - a) + (b2

33
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-- a+ b+ n- [(ai. a)2 + (b. -b) 2+ 2Z(ai _-)(bi _-E)]-a2

= a + a b j+ Sb + n Z- S2(ai - a) (bi - ))]

= am + bm + 20- [Z (ai )b )
M m n-i 1 )b

where the usual definitions of mean and standard deviation

"(a -ai, s _ (a - a) , etc.) have been used.n 1 a n-i

The method used by GEBOD, to determine body dimension values
corresponding to a particular subject, is to regress each body
dimension against age (for children only), height, and/or weight
(see Appendix D). Using the A, B, and C population3 to illustrate
this method also, least squares linear regressions equations would
be developed expressing values from the A and B populations as
functions of values from the C populations. That is, the coeffi-
cients pa'a' ' Pb' and qb would be computed such aO = Pa c0  a
and b- Pb C + q where a is the least squares value from the
A population corresponding to co (a value from the C population),
and bo is the least squares value from the B population correspond-
ing to co. Using standard least squares techniques the values of
these parameters are computed as follows:

Z(ai - a)(ci -C)
P= - q2 a aP(c- )

E(bi - 5 ) (ci - F)

Pb= (ci ) 2  bqb .- Pb C.

The additivity that does not occur with the percentile method
can be shown to exist for this regression technique. The first
step in showing this is to establish the result p+ b = :

S(ai - a)(ci - F) +Z(bi - 5)(ci -

Pa 2Pb
Z(ci _C) 2(ci _ )

S. . . . . . i - . . ..3_4 . . .



z(Ci c- (a- a) + (bi - b))]

C)2
7.(c i C )2

(Ci - (ai + bi - + E))]
-2Z(c i_ )

[(ci - E)2]

Ei- ( C) 2

Using this result it can be shown that values from the A and B popu-

lations, a0 , and b0 , respectively, both corresponding to the same

value of the C population, c0 , sum to that value of the k popula-
tion :

ao + bo = PaCo + qa + P o + qb
a0  ab o a+q Pbc0 qb

= Co(Pa + Pb) + (qa + qb)

= CO0 + (a - paE + S - pbF)

= Co0 + (i + -b) - b

=C
0

It is for this reason of additivity, that a regression approach was

felt to be more correct than the percentile approach of program

GOOD as a method of determining body dimensions corresponding to

a particular subject, and was therefore used in program GEBOD.
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APPENDIX D

BODY DIMENSION REGRESSION EQUATIONS DEVELOPED FOR GEBOD
4-.

This appendix contains a complete listing of the regression

equations developed for use by GEBOD. For the adult male and female

sets beights and weight are used as predicting variables. The child

set uses age along with height and weight. At the top of each set of

regression equations is listed the range of values, mean, and standard

deviation of the predicting variables within that subject type. For

each body dimension a separate regression equation is given against

each of the predicting variables. The last regression equation given
for each body dimension is a step-wise multiple regression against all

of the predicting variables. Since this is a step-wise regression,

only those predicting variables that would make a significant contri-

bution to the regression appear in the final form of the regression

equation. With each regression equation the square of the correlation

coefficient (R**2) and the number of subjects the regression equation

is based on (NStB) are given.

7M!
.°.

.4.
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APPENDIX E

INERTIAL PROPERTIES OF ELLIPSOIDS AND
RIGHT ELLIPTICAL CYLINDER STACKS

An ellipsoid with a semiaxis length in the x direction of a,

in the y direction of b, and in the z direction of c has voll;,ne

4/3 r abc. If this ellipsoid is homogeneous with density p its

inertial properties are as follows:

mass = 4/3 n p abc,

x moment of inertia = mass (b 2 + c2 )

5y moment of inertia = -as__s (a2 + c2),

z moment of inertia = mass (a2  2

and the center of gravity is located at the center of the ellipsoid.

The other geometric model utilized by GEBOD for the deter-

mination of inertial properties is a stack of right elliptical

cylinders.

The cylinders in the stack are numbered from 1 to n (where
there are n cylinders in the stack) sequentially from one end of the
stack to the other. In order to locate the center of gravity of this

figure an axis system must be defined. The origin of this axis sys-
tem is located at the center of the elliptical end surface of cylin-

der 1 most distant from the center of the stack. The x, y, and z
axes are parallel to the directions of the local reference system of

the segment being modeled (see Section 3). The end of the stack is
chosen for the origin (and to begin numbering with) so that the posi-

tive z axis passes through all the cylinders.

The cylinders are stacked so that the positive z axis passes
thrcugh the center of both elliptical end surfaces of each cylinder.
The cylinders are oriented so that one semiaxis (referred to as the

x semiaxis) is parallel to the x axis, and the other (referred to as

the y semiaxis) is parallel to the y axis. The length of the x semi-

axis of cylinder i is referred to as ai, and the length of the y
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semiaxis is referred to as bi. Each cylinder has the same height,
called h. By assumption, each cylinder is also homogeneous with
density p, giving the i cylinder the following geometric and
inertial properties:

volume = vi = iTaibih,

mass = mi = pvi,

2 2x moment of inertia = Ixxi = "i (3bi + h2)
12 +

y moment of inertia = Iyyi - 2 +
12 1mi i2 2Z moment of inertia = Izzi = (a + b

momente fms o ei 4 a .

x center of mass coordinate = cgxi = 0.0

y center of mass coordinate = cgyi = 0.0
1z center of mass coordinate = cgz i = (i-

where the x, y, and z moments of inertia are about axes parallel

to the x, y, and z reference axes, respectively, but through the

center (both geometric center and center of gravity) of the cylinder.

To compute the mass or volume of the entire stack the in-
dividual masses or volumes are summed. The center of mass of the
stack is located as follows:

Zmicgxi
x center of mass coordinate = cgx = m = 0.0

Emicgyi
y center of mass coozdinate = cgy = -= 0.0,

i
Emicgzi

z center of mass coordinate = cgz =
E.

Moments of inertia may be combined by simple summing, as long

as they have all been computed relative to the same set of axes.
Since different x and y axes have been used in the computation of

each cylinder's moments of inertia, a single set of axes must be
defined, the individual moments of inertia recomputed relative to
that set of axes, and then summed. It is standard to express momenta
of inertia relative to axes at the center of gravity of a body, and
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this is assumed by the ATB Model. For this reason a new axis system
is defined at the center of mass of the stack and parallel to the
old reference system. Since the x and y coordinates of the center
of mass, relative to the old system, are both zero, the new and old
systems share a common z axis, which is also the z axis relative to
which the Izzi (i = 1, n) were computed. Thus, the moment of inertia
of the stack relative to this new z axis is simply the sum of the in-
dividual Izzi. Since the x axes relative to which the Ixxi (i = 1, n)
were computed are all parallel to the x axis of the new system, the
parallel axis theorem may be used to recompute the moments of inertia
of each cylinder relative to the new system's x axis, and these values
may then be summed. The same procedure is then applied to the
moments of inertia about y. These computations which determine the
moments of inertia of the entire stacc are summarizeK as follows:

n2
x moment of inertia = Ixx = E [Ixxi + mi(cgz cgz 2

i=l ~ cz-cz)]

n2
y moment of inertia = Iyy = E [Iyyi = mi(cgz - cgzi) ],

i=l

n
z moment of inertia = Izz = Z Izz..

i=l 5
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APPENDIX F

SOURCE LISTING OF PROGRAM GEBOD

C--PRCGRAM GE900 ------ (PERKIN-ELMER FTN VY) ----------------------------------- C
C GE800 GENERATES SOOY DESCRIPTION DATA SETS FOR USE IN THE ARTICULATEO C
C TOTAL BODY (ATa) MODEL. USER HAS CHOICE OF PRODUCING A DATA SET C
C COROESPONDING TO ADULT PALE, ADULT FEMALE, CR A mILD SU3JECT. C
C THE 3ASIC GEOMETqY CF THE MODEL USED TO CALCULATE THE BODY DESCRIPTION C
C DATA IS AN WXTENSIVELY MODIFIED VERSION OF THE PODEL USED BY C
c PROGRAP GOOD (Gl3ERATOR OF OCCUPANT DATA) WRITTEN BY CALSPAN C
C CORP. THE MODIFICATIONS TO THE MODEL AND THIS THC RESULTING C
C PROGRAP, WERE WRITTEN BY THE UNIVERSITY OF OAYTON RESEARCH C
C INSTITUTE UNDER CONTRACT FP361S-e1-C-OS13 C

C C. C FILES: C
C JNITI1-USER SUPPLIED DIMENSIONAL DATA. C
"C UNIT3--RESULTS READY FOR INSERTION INTO AN AT3 MODEL INPUT DECK. C
C UNITS (CRT OUTPUT)--INPUT PRCmPTS ARE WRITTEN TO THIS UNIT. C
C UNIT? (CRT INPUT)--SU3JECT DESCRIPTION IS ENTERED TO THIS UNIT. C
C jNIT9 (PRINTER)-eTA3LE FORM OF RESULTS. C
C
C ROUTINES CIN ORDER OF APPEARANCE): C
C PROGRAM 1EOD C
C BLOCK DATA C
C SUBROUTINE DIALOG C
C SUBROUTINE ASKUN C
C SUBRCUTINE PTILE C
C SUBROUTINE CONTAC C
C SUBRCUTINE SEGMAS C
C SUBROUTINE SGINER C

C SUGACUTINE ELLIP C
C qNTRY ELLPNI C
C SUBROUTINE TORSO C
C SUBROUTINE FEET C
C SUBROUTINE RESULTS C
C SUBROUTINE CNVRT C .

PROGRAM GE600
COCM0N /DIMSI D0(-1,31),REGE(24#,-1z31),PREDCO:Z)
COPMON /FLOAT/ PIRIZ,PI4

CALL CARCCN (9,1)
PI ACOS(-1.)
P12 pt * Pt
PI4 P12 * P12

ic CALL DIALOG CIPTRICNTISTRT)
IF (IPTR.T.25) THEN

DO ICO I a ISTRT,31
0OCI) a REGEQ(IPTR*ICNTI)
DO 100 J s OICNT -1

100 DOMI) a 00(I) * PRED(J)tREG(Q(IPTR+J,I)
END IF

CALL CONTAC
CALL SEGMAS
:ALL SGINER
CALL RESULTS (:STRT)
GOTO 10
END

C--SLOCK DATA -------------------------------------------------------------------- C
C OATA IN COPMON AREAS C
C /SGMNTS/--SEGNENT DATA C
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C ASCN--X*Y, AND Z CONTACT ELLIPSO:D SE!IAXES FOR EACH SEGMENT C
C RNN*-MASS OF EACH SEG5MENT C
C PH4--SEGYENT MOMENTS OF INLZ"'A C
C XTZCG'LOCAL REFERENCE CCOR_:ArFES CF CENTER OF SEGMENT C
C CONTACT ELLIPSOIDS C
C C
C /JNTS/--JOINT DATA C
C RNJ--LOCAL REFERENCE SYSTEM COORDINATES OF EACH JOINT. TH!AD C
C SUBSCRIPT EQUAL TO Z SPECIFIES LOCAL REFERENCE SYSTEP OF SEGPENT C
C J~l. A VALUE CF I IN THIS POSITION SPECIFIES LOCAL IEFERENCE C
C SYSTEM OF SEGMENT JNT(J), WHERE IN BOTH CASES J IS THE VALUE OF C
C TH4 FIRST SUBSCRIPT. C
C JNT--POINTER ARRAY FOR ASSOCIATING JOINTS WITH SEGMENTS C
C YPRLL--YAwf PITCHP AND RCLL ANGLES GF JOINT AXES RELATIVE TO LOCAL C
C REFERENCE AXES C
SIPIN--SPECIFIES JOINT TYPE C
C C
C /DIPS/I-BODY DIMENSION DATA C
c OD--oODY DIMENSIONS C
C REGEC--REGRESSION EQUATIONS USED TO COMPUTE BODY DIMENSIONS C
C PqED--VALUES OF PREDICTING VARIAaLES TO SE USED WITH REGEG C
C RANGE--ACCEPTIBLE RANGE FOR PREDICTING VARIABLES C
C CONV--CONSTANTS FOR CONVERTING BOY DIMENSIONS FROM METqIC TO C
C ENGLISH UNITS C
C C
C /NAMES/--CHARACTER STRINGS FOR VARIOUS LABLFS C
C SUSTYP-DESCRIPTION TO USER CF 4 SOURCES OF BODY DIMENSION DATA C
C SEGLAB-SEGMENT LASLES c

J#NTLAS-JCINT LABLES C
C PLTSY1"-PLOTTING SYMIOL FOR SEGMENTS AND JOINTS C
C OIMLAI-*NAMES OF THE 300Y DIMENSIONS C
C TITLI--RlN TITLE SUPPLIED ST THE USER C
c UNITS--UNITS FOR USER TO CHOOSE BETWEEN C
C C
C /FLOAT/--VARIOUS CONSTANTS C
C 01--THE CONSTANT PI C
C IZ--PtI**2 C
C P14-@pI**4 C

DENS--DENSITY USED FOR COMPUTATION OF SEGMENT INERTIAL PROPERTIES C
C GRAVW-ACCELERATION OF GRAVITY C
C C
C /CYL/--DATA USED IN RIGHT ELLIPTICAL CYL:NDER MODELLING OF SEGMENTS 1.
c FOR COMPUTATION OF INERTIAL PROPERTIES C
C ZE!S--CONTAINS Z CORDINATI GIVING VERTICAL EXTENT OF CYLINDERS C
C ZM--HEIGHT OF EACH CYLINDER IN THE NUMERICAL :NTEGRATION C
C HEEG--NUmOER OF CYLINDERS IN THE NUMERICAL INTEGRATICN C
C CGZ--Z COORDINATE Of CENTER CF GRAVITY OF MCDEL C
C WTCCR--EIGMT COORECTION FACTCR USED TO ADJUST DENS C

C C
C ALL DATA WILL BE CALCULATED AND 3TORED IN ENGLISH UNITS C
C DD(I)M-PONTHS C
C 0D(C,--PCUNDS C
C D1(l)-OD(3l)- INCHES C
C DE'4S-SLUG/IN**3
C GRAv--IN/SECe*Z C
C RMN--SLUGS C
C P'41--SLUG*IN**2 C
C ALL REMAINING LINEAR MEASUREMENTS ARE IN INCmES C
C THES9 UNITS ARE UTILIZED UNTIL JUST PRIOR TO wRITTING OUT CF RE-
C SULTS. VALUES ARE THEN CONVERTED, IN PLACE, TO APPROORIATE UNITS. C
C THE VALUE STORED IN GRAV IS USED FOR CONVEOSION FROM SLUGS TO C
C POUNDS. C
c--------------------------------------------------------------------------------------- C
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BLOCK DATA
COMMON fSaPiNTS1 ASCN(15,3),RMNd(¶5),PHI(3,l5)#XYZCG(13,3)
COMMON IJNTSI RNJ (3PB),JNT(14),YPqLL(l4.6),IOIN(14)
C0OMMON /DINS/
& RAf4GEC2o,1:1,3)rCONVC-1:1)
COMMON /MAMES/ SUaTYP(4),SEGLABC15),JNTLAB(14)oPLTSYM(29),

OIMLASC-1:31).-TITLEUNITS(3,-1:2)
COMMON /FLOAT/ PIfPI2,PI4pDENS*GRAV
COMMON ICYL/ ZEESCO:1 5).2HC15),NSEGC1S),CGZ(1S),WTCCR
CHARACTER SUITYP*ZOSEGLAI.3,JNTLAS.2,PLTSY*IioDIMLAB.*24,TITL5*60
CHARACTER UNITS*6

DATA SIGLAU/LT 'p'CT 'p'UT 'e'N 'P''1 *,'RUL'P*RLL',
L'RF 'o'LUL'p'LLL'# 'LF , 'RUA', 'RLA'plLUA', 'LLA' I
DATA JNTLAB/'P 'P'ls 's'NP'f'NP','RH'p'RK'p'RA'o

DATAJT/.,.,16h.,O31.,/
DATA SU9TYP /ICHILD (2 - 19 YEARS)','AOULT FEMALE'.

£ 'ADULT MALE', 'USER SUPPLIED DIM.*/
DATA UNITS /'MONTNS', 'YEARS',' ','LES'p.GRAMS's'%-T!LE'p

DATA CONY I1Z..Z.2046,.39370/jDENS.GRAV/1 .12287E-3.32.17405/
C
C DIMENSIONAL DATA LABELS

DATA DIFILAB /
& 'AGE 'f'WEIG)4T
9 'STANDING HEIGHT ','SHCULDER HEIGHT
& 'ARPPIT HEIGHT 'P'WAIST HEIGHT
& 'SEATED HEIGHT ','HEAD LENGTH
& 'MEAD BREADTH ',-'HEAD TO CHIN HEIZHT
9 fh9CK CIRCUMFERENCE f,'SNCULOER aqADTN
& #CHEST DEPTH ','CHEST BREADTH
I #WAIST DEPTH ',''VAIST SREADTH '

& 'BUTTOCK DEPTH '*'HIP BREADTHtSTANDING '
a 'SHOULDER TO ELBOW LENGTH','FOREARAM-IAND LENGTH

I 'BlIEPS CIRCUMFERENCE 'e'ELBOW CIRCUMFERENCE
9 OFOREARM CIRCUMFERENCE 'r'WRIST CIRCUMFERENCE

i 'KNEE HEIGMToSEATED 'P'THIGH CIRCUMFERE'4CE
& 'UPPER LEG CIRCUMFERENCE 'o'KNEE CIRCUMFERENCE
e 'CALF CIRCUMFERENCE 'f'ANKLE CIRCUMFERENCE

* ANKLE HEIGHTOUTSIDE ','FOOT OREADTH
' FOOT LENGTH '

DATA RANGE /
1 24.00 , 2/60.0 -22.27 -247.6 -32.01 , 76.54
t 18.50 0 56.50 13~.O00, 200.0 ,56.73 , 72.05
P, 21.50 0 50.50 ,118.0 0 264.0 p 62.17 ,77.616
DATA (REGEOCJi1l), J81#24) /
S1.ca0 , .4547E-12i 1.213 " 25.45 0 5.202 -5.
& 1.OoU 00. A0. , .45471-12,0. .0.
40. *C. A0. 'o. 0,0. 'a.
t0. 'a. to i. '00 AO.
DATA CREG14(J, 0), Jul.24) f

1 .6625 ,-.7660 - 1.000 , .4S47E-1Zp 3.743 .-122.2
&0. , 1.0C0 /0. , .4347S-12o 1.000 , .4547E-12,f
& 3.737 0-111.2 , 1.000 'o. ,*.4347S-12, 1.000 1
& .90959-12,p 4.530 ,-142.7 ,1.000 '0. ,.9095E-1Z/
DATA CREGEO(J, 1), J61,24) /

& .1750 , 32.62 t .2314 35.58 1.000 ,.2274E-2.

to. 0.. , 1.000 .2274E-12, .7539E-O1. 54.16
& 1.300 *.22742-12,0. t 1.000 t.227&E-12, .5850E-01,
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S59.66 , 1.000 , .4547E-12#0. 0 1.OCC • .4547E-12/
DATA (PREEG(J, 2)o Js1o24) /

% .1518 , 24.79 0 .1996 4 27.37 o .8721 ,-3.391 •
£0. *0* P .8721 P-3.398 P .7182E-01. 42.77 P
& .8d?1 ,-3.936 , .7555E-02. .3469 ,-3.096 , .5344E-010
& 47.02 , .8911 o-5.049 , .8583E-02o, .8522 ,-3.824 /

DATA (REGEG(Jo 3). Jul24) /
& .1467 1 22453 * .1916 P 25.19 f .315 P-4.469 .
go. P-.1217E-O1. .8770 0-5.954 0 .5840E-01# 39.83 ,

& .8309 ,PS.762 ,-.6495E-02, .8551 P-6.484 P .4637E-01.
£ 43.06 a .1398 .- 7.529 ,-.3761E-02 .d569 P-8.066 /

DATA (REGEQCJP 4). Jal24) I
& .1186 P 17.74 o .1530 P 19.97 P .6422 ,-4.726 ,
40. ,-.1855i-0¶, .7519 s-7.012 , .5302E-01. 32.73 ,
S .6845 ,-4.206 P0. , .6945 P-4.206 • .3642E-01,
& 35.39 * .7043 P-7.256 *-.e506-02o .7338 ,-S.185 I

DATA CREGEQCJ, 5). J8124) /
I .7041E-01. 19.17 , .1047 P 20.34 o .4412 P 4.849 ,
& .5841-02., .19109-01, .3393 o 8.114 o .36206-01, 29.09
& .4225 P 6.734 , .5773E-02. .401C o 7.376 , .2664E-01,
9 32.06 * .4043 , 8.460 o .4060S-02f .3859 P 9.039 /

DATA (REGEQ(J. 6), JO1P24) /
& .3642E-02. *.891 * .55716-02P 6.881 , .2249E-01, 6.110 -
S-.3975E-02o .27931-0o. .32641-01, 5.825 r .4897E-02. 6.625 '

S .360CE-01o 4.950 * .3021E-02, .2471E-01, 5.236 * .3209E-02.
4 7.266 o .26801-Cl. 5.9S2 • .2233E-02o .166E1-01. 6.271 /

DATA (REGEO(J. 7). J21,24) /
& .364ZE-02o 5.220 , .5337E-02O 5.237 t .2096E-01, 4.532 ,
&-.6471E-03, .3641E-02, .1071E-01, 4.873 o .40891-02, 5.194 ,
& .1347E-01, 4.855 # .40899-0200. o 5.194 , .3C60E-02"
& 5.611 o .11741-01. 5*322 P .3060E-02O0. o 5.611 /

DATA (RE44!(J, 8), Jo1,24) /
& .3988E-02. 6.582 o .1266E-01. 6.666 , .5203E-01. 4.867 .
&-.Z157E-02o .4550-E02. .46211-01, 5.080 , .7362E-02, 7.688 ,

& .6816E-01, 4.275 , .3057E-02. .5074E-01. 4.615 , .31431-02,
& 8.420 , .4659E-01, 5.712 .o. P .46591-01. 5.712 /

DATA (REGCICJ, 9). Jal44) /
8 .22816-01. 8.421 o .34491-01, 8.448 P .1301 P 4.177 P
9-.28129-02o .3292E-01, .21411-01, 7.760 , .2316E-01, 10.34 ,
& .89001-01, 7.607 , .23166-01,0. , 10.34 , .2444E-01,
& 10.85 , .6527E-01 10.54 * .2•06E-O1,-.6185E-01, 14.54 /

DATA (PIGEO(Jo10). JR124) /
9 .3595E-01, 1.530 P .4866E-01, a.320 , .2040 V .5749 ,
& .4037E-02o .1483E-01, .1271 j 3.354 , .1927E-01, 11.66 -
& .1246 , 6.160 P .1369E-01O .7344*-01. 7.582 , .1612E-01,
& 13.24 , .1181 , 7.790 P .12531-01, .6133E-al. 9.578 /

DATA (PSGIO(J,11), J'1,24) /
S .ZS701-01P 5.225 .4249E-01o 5.333 f .1620 ,-.2418E-01,
;0. P .37641-01, .2091E-01, 4.589 , .34121-01, 4.965 ,
& .73001-01. 4.650 P .39899-01,-.76071-01, 9.C86 P .2690E-01.
2 4.984 , .61149-01, 5.386 P .3174E-01°.-.2659-01, 9.915 I

DATA CREG1•(Jol1)o J9124) /
t .2699E-01o 5.195 , .3856E-01, 5.411 , .1504 • .3666 ,
S .45131-02o .2798-*01. .22131-01. 4.506 , .3185E-01, 6.968 -
& .88751-01, 5.357 • .3505E-Ol,-.4222E-01. 9.255 , .2911E-01,
s 7.654 P .88771-01, 6.709 P .32534-01,-.5866E-01, 11.35 /

DATA C*6G10(J,13), Jsl.24) /
& .12849-01, 5.024 , .2279E-01, 4.763 P .7598E-01, 2.485 I
9-.8176E-02, .3995E-01,-.3147E-01. 6.097 , .2922E-01, Z.979 ,
t .5358E-01. 3.279 P .3511E-01P-.77611-01. 7.183 , .3026E-01.
& 3.528 , .5167E-Cl, 5.174 , .3706E-01,-.1162 , 10.46 /

DATA (RIGEQCJ,14), jl.124) /
& .27181-01. 8.367 * .3977E-01. 5.508 P .1522 P .4650 1
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& .3925E-02. .35031-01,0. , S.406 # .3527E-01, 5.010
& .1C60 • 2,734 , .38CCE-Ol,-.3598E-01, 6.959 p .3741E-01,
& 5.694 * .1105 * 4.473 , .4211f-l,*1.80?5E-01, 10.48 /

DATA (NEGEQ(J15), Ju124) /
& .2?730-01, 4.812 , .4032E*01, 4.910 , .1523 P-.1220 ,
& .4893E-02, .3874t-Ol,-.1900E-01, 5.466 , .3419E-01, 3.976 ,
1 .7090E-01, 3.603 , .4021E-01,-.7937E-01, 8.275 , .30?77-01,
& 4.095 p .697SE-01, 4.566 P .3632E-Ol,-.9475E-01, 9.749 /

DATA (REGEQCJ*16), Ju1,24) I
I .3552E-01, 5.542 , .4957E-01, 5.905 p .1968 ,-.7718 ,
& .11511-01, .31928-01. .1642E-01, S.020 o .40521-01, 8.610
& .1235 , 5.563 P .4294E-01,-.3192E-01, 1C.34 , .2$03E-01_
% 9.319 • .1258 0 5.100 P .2303E-01,0. , 9.319 /

DATA (REGEGCJ,17). JOl.24) /
& .3933[-01, 6.369 , .51751-01, 7.038 , .2237 P-.9239
& .8433E-03,0. , .2193 ,-.7898 , .1702E-01, 10.04 ,
9 .1962 ,-.3163 p .2976E-02, .1851 , .1459E-01, .1256E01.
s 11.97 , .2087 ,-.4158 ,0. p .2087 P-.4158 I

DATA CRSGEQ(Jo18)p JUl.24) /
& .49001-01, 8.421 * .6536E-01, 9.182 , .2004 0-.7587
&-.2689f-02, .4490E-02P .2776 ,-.6'74 , .2C92E-01. 13.78
& .247S , .6324 , .2"6CE-02 .2367 , .;615 , .16711-01.
9 16.54 p .2646 , .9735 p .1677S-02. .2570 • 1.213 /

DATA (RCGEgCJ,19), Jul,24) I
S .2664E-01, 4.976 , .4173E-01, 4.878 , .1501 , .1143 ,
90. , .5211E-01,-.4492E-01, 6.478 , .4369E1-,1 4.522
& .53861-01, 6.646 f .557!E-01,-.1527 , 12.79 p .3340E-01,
& 6.608 P .5996E-01, 8.219 , .4067E-01,-.1243 , 14.02 /

DATA CREGE9(J,20), JOl.24) /
& .22671-01, 5.152 p .34346-01, 5.166 , .1290 * .9440
&-.173SE-02o .3358E-01, .1344E-01, 4.738 f .2421E-01, 7.539 *
£ .1221 , 2.826 # .2086E-01. .44201-01, 3.145 p .1919E-01,
S8.967 o .1061 p 4.894 o .17671-01, .26011-01, 7.416 /

DATA (RIGIO(J.21)p JBl.24) /
& .2267E-01. 5.152 , .34341-01. 5.166 , .1290 , .9440 ,
&-.1938E-092 .3353E-01. .1344E-91o 4.738 , .2643E-01, 5.479 ,
& .7088E-01. 4.719 P .2938S-Olp-.3890E-01. 7.986 o .2116E-01,
& 7.411 t .67681-O1, 6.339 o .2341!-01,-.383S1-O1. 9.700 /

DATA (NEGEO(J,22)p Jul.24) /
9 .11431-01, 3.971 , .17711-01, 3.951 o .6620E-01, 1.791 ,
S-.3471E-02, .1804E-01. .1674E-01, 3.447 , .10901-01, 4.503 ,
1 .5371E-01, 2.463 p .953CE-02, .1810E-01, 3.523 p .9921E-02e
& 5.202 o .51661-01, 3.317 p .9386E-02. .91371-02, 4.657 /

DATA (REGEOCJ,23), J81,24) I
& .5917E-01. 9.584 p .78572-01. 10.55 , .3433 P-1.746 ,
&-.8480E-02,-.45271-OZ, .4045 P-3.654 , .301ZE-01, 14.98 •
& .3345 0-2.347 , .6469E-02, .3104 ,-1.823 o .2467E*1-1
& 17.67 , .3558 ,2.389 , .5244E-02, .3321 *-Z.141 /

DATA (PEGEQ(J,24). J1,24) I
& .6066E-01, 9.311 * .3944E-01. 9.551 o .3322 P-1.560 .
I .1013E-01. .8338E-01,-.Z709E-01, 10.25 o .8417E-01. 11.13
Z .1869 , 9.912 , .9769E-01,-.1781 • 20.77 p .6998E-01,
1 11.01 p .1614 , 11.89 , .8237E-01.-.2117 * 23.64 /

DATA (REGEG(JP25), J8l.24) f
& .4d05E-01 7.998 , .7076E-01. 8.195 p .2691 ,-.6787 ,
& .59301-02. .63581-01,00. p .043 , .6412E101, 9.905 .
& .1664 p 7.446 , .7187!-01,-.1022 , 15.44 * .3229E-1-0
1 9.621 , .1412 P 5.370 , .3229E-01,0. * 9.621 /
DATA CREG19CJ026)0 Ja.o24) /

& .48051-01, 7.998 , .7076E-O1. 8.195 , .2691 0..6787 ,
6 .5930E-02, .63581-01.0. p 8.043 , .4406E-01, 8.634

• .1458 f 4.985 o .4605E-01,-.2626E-01, 1C.11 , .3334E-01,
& 9.686 0 .1512 0 4.91b * .3334E-01.0. p 9.686 /
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DATA (q1GE2(Jp27)p Ju1,24) /
I .3544E-Cl, 6.685 , .5209E-01, 6.d39 , .1998 * .2129 ,
I .1539E-02p .4370E-01, .2325E-01, 5.794 , .4012E-010 8.335
& .1106 * 6.386 * .4429E-01,-.54Q3E-01, 11.31 .32S0E-01.
& 9.002 * .8142E-01, 8.469 p .3?18E-01,-.a0OOE-01, 13.77 /

DATA (AEGEG(J,28)f Julo24) /
& .17701-0l, S.116 , .2659E-01, 5.152 , .1016 • 1.796 ,
&-.36641-02. .2284E-01, .3523E-Ol, 3.995 0 .1809E-01, 5.999 I
& .760E1-01, 3.449 o .17201-01, .1177E-O1, 5.361 • .1610E-01,
t 6.028 * .6599E-01, 4.216 , .1665101.i-.9456E102, 6.593 /

DATA (REGEQ(J,29), Jul.24) I
.68371-02• 1.319 0 .9232E-020 1.417 , .4015E01,-.2OSZE-01,

&-.13029-O2PO. * .4697E-01.-.2305 , .3434E-02- 2.230 .
S.41636-01, .9788E-02o0. p .4163E-01. .978SE-02o .4310E-02o
1 4.652 p .8736E6O1,-.6990 *-.1090E-02, .9230E-01,-.8545 /

DATA (REGEC(J,30)p JUl124) /
9.d?42E-02# 2.193 * .1221E-01, 2.283 p .5052E-01. .5281 0
&-.1?22E-02, .411?E-02o .44CE-01, .7576 , .4638E-02p 2.901 0
% .29471-01, 1.611 o .3353E-02, .1694E-01, 1.984 p .4136E-02o
S3.127 , .3418f-01, 1.459 p .2907E-02. .2101E-01, 1.873 I

DATA CREGEC(J,31), Jul.24) I
4 .2436E-01 5.384 * .3273E-01, 5.742 * .1416 • .7C17 0
&-.57379-02AO. . .1715 P-.2125 , .1365E-01, 7.738 1
& .1299 o 1.186 p .5296E-02, .1101 0 1.775 , .102SE-01,
& 8.458 0 .1309 , 1.502 • .357CE-02. .1148 , 2.012 /

C
C YAWPITCH AND ROLL

DATA YPRLL/
& 14*O..30°.O..O.,3O*.C.•D.9&S.45o0.90.o45.,O. 4 60.,0.,60.,
8 32".O•'90.,-45.,-90.."90.,-45.,"90.,1S.,0.,15..1 5.0./

DATA IPINIC.OOoOO.IOO.,.O•0,1,O.1/
END

C-SUIROUTINE DIALOG ---------------------------------------------------------- C
C DIALOG 4RITES PROMPTS TO THE CRT AND ACCEPTS INPUT FROM THE CRT C
C DESCRIBING THE SUBJECT FOR WHICH BODY DESCRIPTION DATA IS TO BE C
C PRODUCED. THE PARAMETERSo IPTR* ICNTo AND TSTRT' ARE RETURNED TO THE C
C MAIN RACTINE SPECIFYING THE CHOICES MADE BY THE USER C
C IPTR--SPECIFI!S ROW OF REGEO CONTAINING FIRST REGRESSION EQUAT!ON C
C COEFFICIENT TO St USED. IPTR IS SET TO 25 FOR USER SUPPLIED C
C DIMENSIONAL DATA. C
C ICNT--NUP$ER OF COEFFICIENTS IN THE REGRESSION EGUATION TO BE USED. C
C ISTRT--FIRST BODY DIPENSION TO SE GENERATED: C
C ISTRT u-1 (AGE) FOR CHILD SUBJECTS C
C ISTRT 20 (WEIGHT) FOR ADULT SUBJECTS OR USER SUPPLIED DATA C
C VALUES ARE ALSO READ INTO PRED FOR THE PREDICTING VARIABLES C
C ---------------------------------------------------------- C

SUBROUTINE DIALOG (IPTRoICNTISTRT)
CCMYON I/0V13 00(-1:31)oREGEQ(24o-I:31)*PRED(-I:I)p

SRANGE(2o-1:1,3),CCNV(-I:1)
COMMON /NAMES/ SUBTYP(4)oSEGLABC(15)oJNTLAB(14),PLTSYM(29).

DIMNI4(-1:31),TITLEUNITS(3.-1:2)
CHARACTER SU8TYP*20oSEGLAS*lPJNTLAB*2,PLTSY!e1,A4S*1,1,OINM*24
CHARACTER TITLE.60pUNITSt6,CLR(?)e&
INTEGER IPTWAT(-l:2,3)pIPT2(13)
IQUIVALENCE (IPTMAToIPT2)
DATA IPT2 /1,3o57,11,1 1,13,15,18,18,ZCZZ,25/
DATA CLR /ZlBSBZF32,Z6CIB4818,4ZA1la3COC,ZOO194B00,3*ZO/

wRITI (5,11) CLR
WRITE (5#22)
READ (7,333) TITLE
WRITE (3,11) CLA
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WRITE (5p333) '/1/TITLE

WRITE (9o333) ''/i

READ (7,222) *ZSU5
IF (ISUB.GT.. .OR. ISUB.LT.1) GOTO 10
WAITE (9,333) '09IISUBTVP(ISLJS)

ISTRT a -1
IF CISUB.GT.1) ISTRT a 0
lF (Isua.GT.3) GOTO ICC

iRITf (5,11) CLA
wAITE (5,333) 1 '//TITLE

2c WAIT! (5,03) (Z.1,OIlNNN(I),I=ISTRT,¶),3,'ALL OF THE ABOVE'
WRITE (5.55)
READ (7.222) IDIM
IDIq a tlm -1
IF CZDII'.LT.ISTRY .CR. IDIM.GT.2) GOTO 20
If ZI.E) THEN

LPSTRT a XSTRT
LpeNc I

EL SE
LPSTRT s OINI
LPfND aLPSTRT

E401F

wRIT! (5.11) CLR
wRIT! (5,33) I '//TITLE
wRITE (9,555)
00 50 1 0 LPSTRTLPE14D

CALL ASKUN (DINNNCZl),UNITSC1PI),ICNOS.!STRT*3)
IF (ICINOS.GE.3) THEN

CALL PTILE CISUU.IPRED(I))
ELSE

TCONY a 1.
IF (XCNOS.GEi.Z) TCONV a CONV(I)

1.0 %RITE (5,77) DIP4NN(I).(RANGIE(JZI.SU8)/TCONVJs¶,?)
READ (5,441s) PRED(I)

iTE(9,666) DIfNNN(I).PRED(I),UNITS(ICHICSI)
PRED(I) * PREO(I)*TCONV
IF ((PRED(I)-RANGE(1,I,XSU3))*(PREDCI)-RANGEC2,I,*ISUB))

& .GT. 0.) I0T0 40
SNDIF

so CONTINUE

IF (IDIPN.LT.2) THIN
PqED(-1) a DRED(IDIPO)

ELSE
IF (ISUB.GT.1) THEN

00 60 13-7,0
60 PREDCZ) a PRED(I*7)

ENDIF
IPTR a IPT14AT(IDIF",ISUB)
ICIST a IPTPATCIDIM*IPXSUB) - IPYR I
WAITE (5.11) CLR
WAITE (5,333) 1 '//TITLE
RETURN

100 WAITE (5088)
READ (7t333) ANS
IF (ANS.EQ.'N) STOP 'FROM D:ALOG'
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IF (ANS.NE.'Y*) GOTO 100RA (1,99) (DO(MPIBOP31) i

ZPTA a 25
CALL ASKUN(SU8TYP(4).UNITS(1,2),ICHOS.2)
IF (ICHOS.GE.2) THEN

00(0) 4 DD(O)*CONV(O)
DO 120 2ul031

120 DO(Z) * DD(C)*CONV(I)
ENDIF
RETURN

11 FORMAT (7A4)
62 FORMAT (' PROGRAM GEBOD*/' GEBOD GENERATES BODY DESCRIPTION',

I DATA*I' SUITABLE FOR INPUT TO THE ATO MODEL'/
& PLEASE ENTER A DESCRIPTION OF THE SUaJECT' ,

S * (<60 CHARS.)')
33 FORMAT (//(I12p')',3XA/))
44 FORMAT C ENTER NUMBER CORRESPONDING TO DESIRED SUBJECT TYPE')
55 FORMAT C ENTER NUMBER CORRESPONDING TO @/' PREDICTING',

4 6 DIMENSION(S) TO 3E SUPPLIED')
77 FORMAT C' ENTER VALUE FCR ',A24/' IN THE RANGE ',GlO.4.',',G¶O.4)
s8 FORMAT CO TO UTILIZE EXTERNAL DIMENSIONAL DATAP THE DATA MUST BE'

I I IN THE PROPER FORMAT AND IN A PILE ASSZGNE5 TC UNIT 1'/
& HAS THE ABOVE 3EEN SATISFIED (Y/N) ?l)

99 FORMAT (SF10.0)

Z22 FORMAT (BNI60)
333 FORMAT (A)
444 FORMAT (G6C0O)
555 FORMAT ('OSELECTED BODY DIMENSICNS'/)
666 FORMAT (A40,G15.4A6)

END
C--SUBROUTINE ASKUN ---------------------------------------------------------------C
C ASKUN ASKS USER CHOICE OF UNITS TO BE USED WITH SOME INPUT VARIABLE C

C OR THE OUTPUT OF RESULTS. THE PARAMETERS ARE THE FCLLOWING: C
C VAPS--CHARACTER STRING DESCRIBING WHAT UNITS ARE TO SE SELECTED FOR C
C UNITS--UNITS AVAILABLE TO CHCeSE FRCM C
C ICHOS--RETURNS wHMCN OF THE UNITS WAS CHOSEN C
C ICNT--NUMBER OF DIFFERENT UNITt AVAILABLE TO CHOOSE FRCO C
C --------------------------------------------------------------------------- C

SUBROUTINE ASKUN (VARSPUNITSoICHOSPICNT)
CHARACTER VAA3*(*),UNITS(ICNT)*6,UNITIN*6

30 wRITE (5,66) VARS
4AITI (5o55) (IUNITS(I)PI21PICNT) •

QSAD (7f44) ICHOS
IF (ICHOS-1)*(:CHOS-lCNT) .GT. 0) GOTO 30

AETURN
4& FORMAT (ONP160)
55 FORMAT (I1C,')',SXA)
6o FORMAT (' SELECT UNITS FOR ',A)

END
C--SUBROUTINE PTILE----------------------------------------------- C

C PTILE COMPUTES A PERCENTILE POINT, SPECIFIED 3Y THE USERP OF A 300Y C
C DIMENSION USED AS A PREDICTOR, BY ASSUMING THE DIMENSION IS C
C NORMALLY DISTRIBUTED. THE PARAFETERS ARE THE FCLLOWING: C
C ISUB--SPECIFIES SUBJECT TYPEs AND THUS WHICH POSITION OF THE C
C MEAN AND STANDARD ARRAYS TO ijSE. C
C IDIP--T4E DIMENSION A PERCENTILE POINT IS TC SE COMPUTED FOR C
C PREO--RETURNS THE CCMPUTED PERCENTILE POINT C
C NOTE: THIS RCUTINE REQUIRES USE OF IMSL ROUTINE IONRIS C
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SUBROUTINE PTILE (15JS.ZDIMPPRED)
COM4MON /NAMES/ SUSTYP(4),-SEGLAB(1 5)*J.JTLA9C¶14),PLTSY4!(29),

014NIN(-1 :31 )PTTLEPUNlITS( 3,-1:1)
REAL MEAN(C:lp2:3)p STDEVCO:lp2: 3)
CHARACTER SU83TYP*20,SEGLA6.3,JNTLA8.Z,PLTSYF*1,OIMNM.*24
CHARACTER TITLE*60*UNITS*6
DATA MEAN.STOEV/127.Z4.63.82.173.54,69.82,16.57,Z.36,21 .4Z.2.4-4/

Iu WRITE (Still) DIMNMCIDIP)
READ (7P99) PC!NT
IF C CPCENT-1.)*CPCENT-100.) .GE. 0.) SOTO IC
WRITE (9p222) 0IMNM(IDIf0)*PCE4T
PCENT a PCENT/100.

CALL NOTRI (PCENTEoIER)
PRED a P'EANCIDIMPISUB) * X*STDEV(IDIMoISUB)

RIETURN
9? FORMAT (F40.0)
III FORMAT 0 ENTER DESIRED PERCENTILE FOR *oA/

£ ~' CA REAL VALUE BETWEEN 03. AND 10001))
222 FORMAT (A4QG13.4p'%-TILE')

C-SU!ROUTIME NOTRI------------------------------------------------ C
C NOTRI COMPUTES X (THE OUTPUT ARGUMENT SUCH THAT Pu~vTHE C
C PROBABILITY THAT Uo THE RANDOM VARIAaLEP IS LISS THAN OR EQUAL C
C TO X.)* 0 (THE OUTPUT OENSITYpF(X).)r AND LEAt (THE CUTPUT C
C ERROR CODE.) USING P (THE INPUT PROBABILITY.). C
C ----------------------------------------------------------------aa a a a a a c

SUBROUTINE ~4*7RI(PfXfDIE)
C

ZEsO
Xe.99999 E#74

GO TO 12
2 IF (P-1.0)70S01
t. Xa-.999999E+74

60 TO 12
C

IFCOD0.S)909.8

T 1`2ALOG(1.0/CD.))
TuSQRTC T2)
XST-(Z.515517*O.802853.T.O.OlO328aT2)/C1.0*1.A32758.T.O.189269.T2

I *O.001308*T'TZ)
IF CP-a. 5)10, 10, 11

10 Xu-1
11 Dw0.39C94Z3*fXPC-xXIXZ.0)
12 RETURN

E NO
C--SUBROUT14E CONTAC-------------------------------------------------------------- C
C CONTAC COMPUTES JOINT LOCATIONS AND CONTACT ELLIPSOID SEMIAXES. C
C ----------------------------------------------------------

SUBROUTINE CONTAC
COMMON /FLOAT/ PZ.OX2,914
COMMON /SGMNTS/ AN(I S)fN(15)oCN(15),Ru*N(1S),PPI(3,15),XYlCGc1S,3)
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CO(4PON /JNTS/ RNJ(3p28)
COMP0N /DIM~S/ 00(1:31)

C THE CENTERS OF GqAVITY AND JOINT XPY COCORINATES ARE ALL SET TO ZERO.
D0 10 4.103
DO 10 121,15

10 XYZCG(.oj)*O.O
D0 20 JulfZ
Do 20 I1.210

20 iRNJCJZ)uO.0

C NON-ZERO XPY JOINT COORDINATES ARE COMPUTED.
RNJ (1.21 )uDD(29)'O.5
RNJ (1,24)xRNJ (1,21)

RNJ (2o8)U-RNJ(2*5)
RNJ (2.11)uO.5'(DD(¶0)-DD(19)/PI)
RNJ (2. 13)m-RNJ (2f11)

C SMY IS CNE HALF THE HEIGHT OF THE AaDOOEN SEGMENT.
C OLAP 1S USED AS AH OVERLAP AMOUNT 8ETWEEN CERTAIN CONTACT ELLIPSOZOS.

SMW a(D0(2) - 0()/0
OLAF 00(0)/Pt

C 7 COORDINATES OF JOINTS ARE COMPUTED RELATIVE TO SEGMENT JNT(j),.
C WHERE J IS THE SECOND SUBSCRIPT OF RNJ

RP4J(3.1) a (DO(1 - 00(5) - 00(4) + SMW)/Z.
RNJ(3#2) a -SMW
RNJ(3o3) a 9* SW2
RNJC(3#4) a (DD(S) + DOM2 - DOM1 + OLAP/2.)/2.
RNJ(3pS) a (00(4) - SMW - 00(1) + 00(5) - DO(24)/PI)/2.
qt4J(3.6)aO.5.(D0(1)-0D(5)-DD(23).DO(24)/PI)
RNJ(3.7)a0.S'(0O(Z3)-00C29)-0O(Z8)iP12)
RNJ(3f8) 19 ANJ(3f5)
RtNJ (3p?)ARNJ (3p6)
RNJ C31ol)*RNJ (3.?)
RNJ (3.11 )s-D0(2)CDO(3)*DD(19)/PI2
RNJ C3,.12)aO.5'(DDC17)-DO(20)/PI)
RXJ (3.13)wRNJ (3.11)
qNJ (3o14)uRNJ(3.12)

C I COORDINATES OF JO1NTS ARE COMPUTED RELATIVE TO SEGM~ENT J-13,
C 414ERE J 1S THE SECOND SUBSCRIPT OF RNJ

RNJ(3pIS) a S14W
RNJ(3ol6) x -RNJC3o3)
RNJ(3p1?) a (00(1) - DOM8 - DOM2 - OLAPfZ.)/2.
PNJ(3p18) a DOM8 /2. + OLAPIA.

AKJC3p2O) a (00(29) - 00(23) - DD(28)/P12 + DO(26)IPI)I2.

R NJ(3o2l) x O0(23)/012 - 00031M1.
RNJ (3.p22)ARNJ(3o19)
RNJ (3.,23)mtNj (3.-20)
RNJ (3o24)2RNJ (3.21)
RNJ(3,Z5)sO.5h(00(19)IPI-00(17))

RNJ (3.-27)GRNJ(3.Z25)
RNJ(3.,28)sRNJ(3.Z26)

C SEGINE4T CONTACT ELLIPSOID X SEMIAXES ARE CCMPUTED.
AN(5)mDO(6) .0.5
AN(4)=DD(9) IPIZ
AN(3)xOO(11 ) O. 5
AN(2)0D0(13)'O.5
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AN(6)&(0D(24)+*D(Z5))/P!4
AN()zOD0(2?) /P12
AN(8) 'DD C29)'0. 5

AN(lI )SAN(7)

AN(12)Doo(19)/PI2
AN(13)mD3(21)/PIZ
AN(14) 'AN (12)
ANCIS )BAN (13)

C SEGMENT CONTACT ELLIPSOID Y SEMIAXES ARE COPPUTED.
3N (5 )aa0(7) '0.5
oN(4)AN (4)
9N( 3) '00(12 ) 0.5
9N(2)m20(14)'0.5
9N(1 )u0D(16).O.5
3N (6)=aAN '.6)
aft C7) aAN(7)
9N(9)-00(3C).0.5
SN (9)'AN (9)
3N (10) AN (10)
NcmI )'N (8)

SN(13)aAN (12)

SN(14)&AN(14)
SN(15) 'AN (15)

C SEGMEnIT CONTACT ELLIPSOID I SERIAXES ARE CCf4PUTEO.
CN(5) a (00(g) + OLAP/2.)/2.
CN(4) a (00(1) - 00(8) - D0(M + OLAP/2.)/2.
CNM3 a 9.*SMW/Z.
CN(2) a S;l% + OLAPI2.
C.N(1) a (D004)+00(3)-DD(1) - SMW)*0*5
CN(6)a(DD(1)D00(5)-00(Z3)4'D0(24)/PIO0(26)/Pl)0.O5
CN(7)aC00(23)-00(29)*00(25)/PIZ2) *Q5
CN(d)w00(31 ).q.5
CN(9)uCN(6)
CN(10)sCN(7)
C4(¶1 )UCN($)
CN(12)sD00(17) .0.5
CN (15) '00(18) .0.S
CN(14)RCN(1 2)
CN 0 5)'CN0 3)

C THE GLC8AL LOCATION OF SEGMENT CENTERS IS PLACED IN XYZCG FOR
C SESMINTS THAT WILL USE ELLIP IN COMAPUTATIO4 OF MASS AND
C -4OMENTS Of INERTIA.

XYZCG(1,3) a (00M4 - SMW + 00(1) - D00M5/..
XYZCG(2o3) a DO(/#)
XYZCG(3o3) s D0(2 - 9.*SMW/2.
XYZCG(ao3) a 00(29) - D0(31)12. + DD(28)/PI2
XYZCG(11.3) a XYZCG(3p3)

RETURN
END0

C--SUBROUTNE SEGMAS-------------------------------------------------------------- C
C S24PA3 COMPUTES APPROXIMATE SEGMENT MASSES. WTCOR IS T4EN COMPUTED C
C TO ADJUST SODY DENSITY, DENS, SO THAT TOTAL BODY MASS AGREES C
C 4ITN D0OW). SEGMENT MASSES ARE THEN RECOMPUTED USING WTCOR. C
C ------------------------------------------------------------------ C
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SU8ROUTINE SIGMAS
EXTERNAL TORSO. FEET
COMMON /FLOAT/ PI#PI2#PI4vDENS, GRAV
COMMON /CYL/ ZEiSCC: 15).ZN(1 5) ,NSEG(I5),CGZ(15).WTCCR
C OMt MON /JNTS/ RNJ(3,ZS)
COMMON /SGIONTS/ A8ICN(15.5),AMN(1S),PHI(4S),XYCG(3.n),ZC6(1 5)
C0 'A.MON /DIMS/ ODC-1:31)
REAL AN(15)v8N(15),rCNCIS)
EQUIVALENCi (AN,*ABCN).(BiN.AUCNC¶ .2)),(CN.ARCN(¶,3))
SUl4M80.O

C POSITIONS 0 THRU 3 OF ZEES DEFINE THE VERTICAL LIMITS OF TCRSO
C SEGOINTS. 10 THRU 11 DEFINE THE LIPITS OF THE FEET.

3,Wa (00(2) - DD(4))/10.
ZEESCO) a D0(M - 00(5)
ZEESCI) a &)D(4) - SMW
ZEES(2) a D0(4) + SMW
IEE5(3) a DOM2
ZEES(11) a 00(29) + 00(28)/012
ZEES(1O) x ZEES(il) - DD(31)
DO 5 I s 1#3

CALL ELLIP (IPTORSOoRMN(I))
ZCG(:) a COZCI) - ZCGCI)

5 SUMP a SUNMM RMN(I)
CALL ELLIP (¶1 0 FEETPRMN(11))
SUPON a SUMN~ + 2.*RMN(11)
AMNCS) v R14NC11)
ZC.SC¶1) a CGZ(¶1) - ZCO(11)
ZCGcd) a ZCGC11)
Do 7 1 a 1.3

7 RNJ(3#X) a RNJ(3.I) 4 ZCG(I)
RNJC3,15) a ZCG(2) + RNJC3olS)
RNJ(3,16) a ZCG(3) + RNJ(3,16)
RNj(3,S) a ZCG(1) + RNJC3,5)
ftNJ(3#3) a ZCG(1) * RNJ(3,S)
RNJC3o1¶) a RNJ(3,11) + ZCG(3)
RNJ(3,13) = RNJ(3#13) + ZCG(3)
RNJ(C3,r21 ) a RNJC3,Z¶) + ZCG(8)
RNJ (3, 24) a RN.J(3o2') + ZCG(11)
DO 10 1 a4,,?
qfqN(l) a4.O/3.OUPI'ANCI)'IN(I)*I!N(I)*OENS
SU14M a SljMMRMNH(t)
IF (I.GT.53 THEN

SUMM 0 SUMS + RMNCI)

R;4N(1+3) a RMNCI)

I C CONTINUE
00 15 I a 12,1l3
A'4N(I) a 4.C^/3.0'PI.AN(I)aSNCI).CN(I) *DENS
SUMM a SUIm4+2.*RMNCI)

15 AMN(I*Z) s RMNCI)
C
C T14E FOLLOWING ADjUSTS SEGMENT '!ASSES TC TOTAL 2ODY IoEIGHT
C

wTCOA a DD(O)/SUMM/GRAV
DO 20 Ill.15
RMN(1)80MN(I).hbTCOR

20 CChTINUE
RETURN

d END
C--SUaROUTINE SGINER------------------------------------------------------------------ c
C SGINER COMPUTES SEGM'ENT 4OMENTS OF INERT:A.
C---------------------------------------------------------------------------------------C
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SUOROUTINE SGI4ER
EXTERNAL TORSOo FEET
COM4MON /FLOAT/ PIPP12oP14
COMMON /SGMNTSI AN(I 5).!N(15).CN(15) .qMN(1 5),Pwz C3.5)

DO 5 Ial.3
5 CALL. ELLPMI CloTORSO.PPI(1Ip))

DO 10 £s4#7
TEMPaRMNCI) 15.0
AZUANCX)wANCI)

CZ.CN(I)*CNCI)

PHI C1.Z)wTE.1P*(a2eC2)
PMI(2, I)aTEM P*(A2+C2)
PHI (3pl)aTEM4P*(A2+B2)
IF (I.GT.S) T14EN

DO 7 1 a 1.3
7 P,4ICJis,3) a PNICJoI)

ENDIF
10 CONTINUE

)0 20 1212.13
T!Mv*RPNCX) /5.0
A22AN(X)'AN CX)
92m8N(I)*gN(I)
C2aCN(I) 'CNCI)
Pm4!(1 ,I)uTSMP.(ip2+C2)
PHI (2.I)nTEPP*(AZ4C2)
P141(3,I)mTEMPP(AZ+92)
00 15 J 1.,3

Is PmtCjoI*2) a PMICJoI)
20 CONTINUE

CALL. EL.LPMI (1I.FEET*PHI(1.11))
DO 25 ja¶o,3

Z! PNI(J.8) a PHICjol1)
RETURN
END

C--SU9ROUTINE ELLIP--------------------------------- ------------------------ C
C ELLIP CCNPUTES MASS AND CENTER CF GRAVITY LOCATION CF A RIGHT C

6 ELLIPTICAL SOLID. THE PARAMETERS ARE: C
C ISE6--SPECIFIES SEGMENT BEING MODELLED BY RIGHT ELLIPTICAL SCLID C
C AaEVAL--SPECIFIES SUBOUTINE TO af USED TO CCMPUT( SE41AXES OF THE C
C TME SOLID AT SPECIFIC Z HEIGHTS. C
C TMASS--RETURNS THE MASS COMPUTED FOR THE SOLID. C
C------------------------------------------------------------------- C

SUiROUTINE ZLLIP (ISEGoAaEVALPT'*ASS)
COMM4ON /CYL/ ZEESCOw:15).ZH(15)PNSEGC15),-CGZ C15).odTCOR
COMMON / FLOAT/ PIpP IZP14pDENSGRAV
REAL IXX. IXXPPIYY, IYYPPIZZPIZZP
REAL MASS
REAL MI(3
T'MASSOO0.0
Z0 a ZEES(XSEG-I)
Z1 a ZEESCISEG)
NS!4(ISEG)uG.0

10 jSfG(ISEG)mNS&G(IS6G)+1C
TC4IN80.0
TMASSUC.0
ZHCISEG)a(Z1I-ZO)/FLOAT(NSEGCISEG))

00 100 131,NSEG(ISEG)
Z z ZC + (FLOATCI-I)+.5)*ZH(IIEG)
CALL ASE~VAL(Z.APS)
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U AkSsPI*A*3. ZH CISEG)*'0ENS

C3NACG*MASS
TsRA S Sm TMA S 5* IPAS S

100 TCSNuTCGN*CGN
TMA SS Na T AS S
IF CA85(TMASSN-TMASSO)/TMASSN.GT.5.E-5) THEN

TMASSC x TMASSN
5TO 10

ENDIF
CGZ CZSEG)*TCGN/TMASS
RETURN

C ENTRY ELLPM
C ELLPMI CCMPUTES MOMENTS OF INERTIA OF A RIGHT ELLIPTICAL SCLIDP 34SEO
C ON THE NUMERICAL INTEGkATION DETERMINED By ELLIP. THE FIRST TWO
C PARAMETERS ARE THE SAME AS THOSE USED BY ELLIP. THE THIRDS Mlo
C RETURNS THE MOMENTS OF INERTIA CF THE SOLID.

ENTRY EL PM! (ISfG#A8lVALoAI)

ZO -ZEES(ISEG-1)
DO 200 IuiNSEG(ISFG)
Z a ZC 6 CFLOATCI-1)+.S)*ZH(ISEG)
CALL AIEVAL(ZPA.,I)
MASSzPI*A*9*ZH(ISEG)*OENS*WTCOR

IYYSCMASSIIZ)eC3.0.A..Z.ZN(!SEG)..Z)
IZZaCMASS/4.0) .(A**2+e**2)
D!STuZ-CGZCISEG)
IXXPUIXX4+MASS*OIST..Z
IYYPuIYY*MASS*DIST&*2
I lZPOIZZ

MI(Z)uM*ICZ)+IYYP
MI(3)aWIC3)*IlZP

200 ZAZ*ZH(ISEG)

R ETURN
.ND

C-SUBROUTINE TORSO------------------------------------------------------------------- C

C TORSO COMPUTES SEMIAXIS VALUES FOR THE RIGHT ELLIPTICAL MODEL OF T4E CI- THREE TORSO SEGMENTS. THE VARAFETERS ARE THE FC.'LOaIN'Q: C
C --VERTICAL LOCATION AT WHICH THE SEMIAXES ARE TC 9E COMPUTED C

C X--RETURNS X SCMIAXIS C
cY-RETURNS Y SlEMIAXIS C

-- - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - C

SUBROUTINE TORSO (ZpXoY)
COMMON /DIMS/ DC¶1:31)
COMMON /FLOAT/ PI.,PIZ
REAL Z,HM3,fN4rH5pA6

c HZ--T'P OF SOL.D
c M3-IRAEAK BETWEE4 TOP SEMI-ELLIPSOID AND TOP FRUSTRUM
C H4--BREAK 05TWEEN T'*O FRUSTRUM
C HS--aREAK *ETWEEN BOTTOM FRUSTUM AND 90TTOM SEMI-ELLIPSOID
c h6--SOTTOM CF SOLID

4280(2)
H3a0(!)
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H68(D(1 )-D(S)) .

IF (L.LT.HA)THEN.
IF (Z.LT.,S)THE.

IF (Z.LT.r6)STOP 'Z IS LESS THAN IN.@'
Yo SORT(1. - ((Z - HS)/0(Z4)PIZ2)'*2)
X 0(15)/Z.-Y
Y D(16)/2.*Y

ELSE
YaC(Z-O() )/(HS-DC4) )
x a CY*(D(¶5)-D(13)) +D(13))/2.
Y a (Y*(C(16)-D(14)) +D(10))/2.

• " E-11 IF -

ELSE
IFCZ.LT.H3)THEN

Ys(Z-O(3))/(D(4)-D(3))
XY (Y*(D(13)-D(11))*O(¶1))/Z.Ta (Y'(DC14)-Di(1Z)).0C1Z)) /2.

ELSE
IF (Z.GT.HZ) STOP IZ IS GREATER THAN MAX.'
YvSQRT(i. - C (2 - D(3))/(D(Z) - 0(3)) )a*Z)
Xz Y-0(i1)/Z.
Yu Y*0(1Z)/Z.

END IF
END IF
E4D

C- SUBROUTINE FEET .............................-.............. C
C FEET COMPUTES SEMIAXIS VALUES FOR THE RIGHT ELLIPTICAL MODEL OF THE C
C FEET. THE PARAMETERS ARE THE FCLLOWING: C
C Z--Z LOCATION (TOE TO HEEL) AT WHICH SE1IAXES ARE TO 3E COMPUTED C
C Y--RETURNS X SEPIAXIS C
C Y-eETURNS Y SENIAXIS c

--- -------------------------------------------------------------------------- C

SUBROUTINE FEET (Z,X,Y)
COPMON /CYL/ ZEES(O:15),ZH(15),NSEG(1S),COZ(15),bTCOR
COMOON /DIMS/ DD(-1:31)
COMMON /FLOAT/ PIPPZ

C HZ--TOP OF SOLID
C HI--SREAK 8ETWEEN ELLIPTICAL CYLINDER AND FRUSTRUM
C NO--9OTTCM OF SOLID

ANKR a OD(2S)/PI2
HZ a 0(29) + ANKR
t4l v D0(29) - ANKR
NO a HZ - D0(31)

IF (ZGTeH1) THEN
IF (Z.GT.HZ) STOP 'Z VALUE TOO LARGE :N PFFTE
X ANK2
Y a ANKR

ELSE
IF (Z.LT.HO) STOP 'Z VA.UF TOO SMALL IN FEET'
X a ANKRI(DD(31) - 2.*ANKR)*(Z - DD(Z9) 00(01) - ANKR)
Y a CANKAR - D030)/Z)/(D0(31) - Z.*ANKR)
V Y Y*(Z - D0(29) + ANKR) + ANKR

ENDIF

RETURN
END

C--SUIROUTINE RESULTS ----------------------------------------------------------
C RAEULIS WRITTS OUT THE COMPUTED SODT DESCRIPTION DATA. C
C --------------------------------------------------------------------------------------- C
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SUBROUTIN~E RESULTS (ISTAT)
COMMON /S~oMNTS/ A(1 5),e(1 5)C(15),RYON(15) .PI(3,l5)*

XCG(15). fCG(l5)*ZCG(15)
C04q10ON /JNTS/ RNJ(3, ¶4,Z),.JNTC14),YPRLL(14o,6),IPIN(14)
COMMON /DiPosI DO(-1:31)
COMMON INAi*ES/ SUSTYP4/) ,SEGLAS(1 5),JNTLASCI4) ,PLTSYM(29),

S ')iNLASC-1:31).,TITLEUNZTS(3,-1:2)
COMMO0N /CYL/ ZEES(O:¶5),ZMC1 5),NSEOC15)oCGZ(15),WTCCR
CHARACTER SUBTYP.ZO,SEGLAS'3,JNTLA8'Z,PLTSY!4'1 ,IMLAS*24-,TITLE*60
CHARACTER ANS.1,UNITS*6oL.AUL1(Z)86.LASL2(Z)'IZ,LAUL3(Z)*2,

* LABL4CZ)*4 PVARS'6
DATA LAeL1,LAuL2,LAaL3rLA8L4 /'UEIGNT',N.ASS'I 'LS-SEC'*2-IN't

S 'KG-MO'2','IN','CM'i'L8S. ','KG.',VAR9I 'OUTPUT',
DATA ISETi'.01o0ao00i, lAIZ40000C000I

CALL ASKUN (VAR9,UNITS(1,2).XUN,2)
CALL CNVR? (ZUN)
If CISTRT.LT.3) WRITE (9p22) -l1,DIMLABC-1),DD(-i),UNtTSCIlr1)
WAITE (9o22) 0pOIMqLA9(O)oDD(O),UNITSCIUN,O)
WRITE (9*22) (I,DIMLAS(I),OO(1),UNilTS(IUN,l),I'1,31)
WRITE (9#66) WTCOR

wFITI C9,44) '¶'//TITLE
WRITE(9,117C) LASLi CIUN),LASLZ(IUN),LAeL3(IL'N),LASL3(IUN),

S ~LABL'.(IUN)
WIT A(9,18),(I)PSIGLAxCGI),PTYCG(r),ZCG(I),(PMI,15) J1,)

WRITEC9oll9G) LASL3(IUN),LA6L3(IUN)

S (RNJ(J.I,K),J=1,3),Kul,2)o(YPRLLAloJ),Jal,6),Isl1,4)

10 wRITE (5,33)
READ (7p44) ANS
If (ANS.EQ.'Y') THEN

WRITE (3,77) TITLE(1:52)
WRITE(3i1300) (SEGLAS(!),PLTSYM(I),RMN(I),(PHI(J, I),JAl,3),-

I A(I),aCI),C(I),XCGCI),YCG(I),ZCG(I),IA#*I'TaETIl,1 5)
C

WRITE(3o13ZO) (JNTLAB(I),PLTSYM(I1i 5),JNT(I) ,P;IN C ),
S((RNJ 0o, I oCJ 91l-3) -Kal oZ) 1 A+ I 18ET,

& (YPRLL(IJ),Jx1 ,6) ,Iwl,14)
ELSE

IF (ANS.NE.'N') S3OTO 10
ENDIF

20 WRITE (5,55)
AEAD (7,44) ANS
IF (ANS.EO.'N') STOP 'FROM RESULTSf
IF (ANS.NE.*Y) GOTO V;
RETURN

11 FORMAT ('-COMPUTSD BODY DIMENSIONS'/)
z: F0R"AT CX10,jA30o,;15.4,-A6)
33 FORMAT V' IS ATS MODEL FORMATTED OUTPUT DESIRED (YN) '

416 FORMAT (A)
1! FORM4AT V' 1S IT DESIRED TO PRODUoCE ANOTHER BODY DESCRIPTION ',o

& 'DATA SET (Y/N) ?')
66 FORMAT ('OwEIGHT CORRECTION FACTOR0 o',FIO.3)
77 FOAMAT (4X,'*15',I.X,'14,e8XA52,'CARD 3.1')
1170 FORMAT( 1HOo"CRASH VICTIM PARAMETERS (3-D)"I1HO,33Xi

1 2SMSEVOENT MOMENT OF INERTIAP
2 19Xt25HSEGPENT CONTACT !5LLIPSQ5D/5Xo7MSSGMENdT,7X,,A6
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1< 3,15X,'C',A12Z.')',17X,1OHSEM'IAXIS (oA2o'),1l4Xp'CENTER C',
4#.A2#.*)/3XP1ZNNO. SYM PLOT,4XQ,'A~,')',1OX,1HX,10X,1HY,ICXo
51HZ,12X,1 HX.6X,1hY,6XINZ.12X,1HX,7X lhiY,6XINZ/lH )

118C FORMAT (C5X.ZZZXA4.A2,6JC.F6.S..3Xo3(4XF7.5),SX.3(2XF5.2),5X,3
1(3EF5.2))) *

1190 FORMAT(IHO,//13X,5NJO:.NT,16X,'LOCATION(',AZ,') - SEGCJNT) '.SXO
1 'LOCATI3N(',A2,') - SEG(J4¶)',2X,'PRIN. 4X!SCD!G) - SEGCJNT)'p
2 1 PRIN. AXISCOEG) - SEG(J+1)'/2X,'J SYM PLOT JNT PIN@,
3 AX,2C¶X,'X',BX.'Y' .8X, Z',8E),2(*YAW',SX,'PI'CI4,5X, RCLL',6X)I) -

1200 FORMAT CC13,A4,A3,ZX,213,4(3F9.2,-IX)))
1300 FOqRqAT(A4oA2,PF6.3,3F6.4,6F6.3,6X,'CARO 0.2.',AI)
1320 FOAMATCAA,1X,AI,2l4,6F6.Z,22X*'CARD 3.3.',A/1/4X,6F6,Z)

END
C --SUS POUTINE CN'.RT ----------------------------------------------------------tec C
C CNVAT CONVEMT ALL OUTPUT DATA TO THE UNITS SELECTED BY THE USER C
C----------------aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

SUBROUTINE CNVMT (IUN)
COMMON /SGPNTS/ ASCCIS,3),RPNC1S).PHZ (3,15) ,XYZCGC1 5,3)
COMPON JJNTSI RNJ(3pZS)
COMMON /DIMS/ ODC¶-:31)
REAL. CONVC2,3)
DATA CONV /1.,Z.54,32.1740oS,1..S939,1Z.,1O5.4034I

00 100 1 a 1,15
DO IC J a 1,3

A8C(Z,J) a ABC(!,J).CONVC!'JN,1)
EYZCG(ZJ) a XYZCGC!,J).CCNV(IUNO1)

10 PmZ(JI) a pMr(j,.I)/C.NV(IUN,3)
100 RM'N(Z) a RMNCI)*CONV(ZUN#2)

DO 2OO 1 a 1,28
00 200 1 a 1,3

200 RNJCJpI) a RNJ(J,I)*CONV(IUN,1)

IF (!UN.GY.1) THEN
00(C) a 0O(0)/CONVC1,Z).CONV(202)
.10 3C0 Iw1,31

300 DOMZ a DOC)OCONV(2,1)
rio rF A

RETURN
END
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