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: 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.
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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 cf 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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DDy - The ith measurement of the set of 32 body measurements
used by both proagram 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

Fa

The development of mathematical/computer models capable of pre-
dicting the motion of the human body in & dynamic environment has

created a need for extensive data describing human genmetry 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).
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Calspan Corporation developed Program GOOD (Generator Of
Occupant Data, Bartz and Gianotti, 1973) in order to automate the pro-
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, 19271). 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, alsc Butler and Fleck, 1980) was
developed from the CVS Program, by incorporating modifications to pro-

‘a 2 HEER Y S 3 V" TS S AJ )X AL

vide the additional capabilities needed to simulate the various as-

pects of aircraft cockpit ejections. These modifications were per-
5 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
i Program as user available options.
S The ATB Model performs simulations by viewing the human body as
; a series of connected rigid bodies, each referred to as a body seg-
i ment. The ATB Model is flexible as to how many segments are used 1n

modeling the human body. The standard configuration, presently being
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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 cf 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 1s 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 cf usi.,g a fixed percentile (see Appendix ()

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 tne program were
changed and allowance was made for results to be output in
either metric or English units

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

most recent version of the ATB Model.
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Head

Neck

Thorax

Abdomen

Pelvis

Right Upper Arm
Right Lower Arm

3

Left Upper Arm
Left Lower Arm
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10. Right Thigh
11. Right Calf
12. Right Foot
13. Left Thigh
14. Left Calf
15 Left Foot

Figure 1. Fifteen Segment Configuration Commonly Used
wWith Articulated Total Body (ATB) Model.




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.
Through the remainder of this report references to the ith

surement will be made as DDi.

body mea-

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

[ R -

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 consisting -
of data on 1,905 women in the U.S. Air Force (Clauser, e: al., 1972) i
was utilized. The child regression equations were computed from "
survey consisting of data on 3,782 children aged two to twenty years,

10




TABLE .
CORRESPONDENCE BETWEEN 35 BOPY DIMENSION USED AND THEIR SOURZES

CHILDREN'S ADULT FEMALE ADULT MALE
A DIMENSION NAME POPULATION POPULATION 2CPULATION
-1 Age Y01 - -
X’ veight L L, Ly
1 Standing Height L, a “13
2 Shoulder Height L61 Llc ‘15
3 Ampit Height L2 Lo " bsam is T tiess-
4 Waist Height L69 L13 221
1] Seated Height Ls L23 Ly,
6 Head Length Lzo L96 S1s50
7 Head Breadth Lis Lgsq Lisg
- 8 Bead to Chin Height Log LlOl L179
r: 9 Neck Circumference Ly Lig L6
.,: 10 Shoulder Breadth Lyg Les 5o
11 Chest Depth SEHI(Ls‘. LGJ) L,l L62
12 Chest Breadth Les Lss Lss
! 13 Waist Depth StMI(Le,, L“) L75 I‘63
c, it ¥aist Breadth Lgn L, Ls,
g 18 Buttock Depth SEMI(L,,, L) Lyq Loy
i 16 Hip Breadth, Standing 1.72 "68 lge
; 1?7 Shoulder to Elbow Length Liy Ly a2
:3 18 Forearm-Hand Length Ly Ly, * iy Lo * 1t i
:* 19 Biceps Circumferance Ly Los 104 * Y105 * Lypg * “107:74
j 20 Elbow Circumference Ls Lgg Lios
;: 2l Forearm Cizcumference Lss Lso Lo
E 22 Wrist Circumference Lys Lea Lyi2
:g 23 Knee Height, Seated 515 Lls - L‘S/(zr) L37
é ad Thigh Circumference Lag LAS “3¢
' 28 Upper Leg Circumference (Lqgg * Lgy)/2 iLyg * Lyg) /2 igg
5 26 Knee Circumference (Lay * Lg))/2 Lg Lgg
3 27 Calf Circumference Lgy Lsa Lioo
- 28 Ankle Circumference Lys ~49 Lyoa
O 39 Ankle Height, Outside Leb L21 L31
i 30 Foot Breadth Lgs Lgg L.,-
;: kDY Foot Length Lgg Loy Lyse
|
> NOTE:
i 1) l.1 refers to the dimension of the appropriate anthropometric survey.
ii 2) SEMI{a, L) 1is a function returning one axis length of an ellipse where b 1s the circumference

B of the ellipse, ani a 1s its other axis length.

11
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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.

Lila

None of the three anthropometric surveys used included all of
the measurements needed. In those cases where a needed measurement
was missing from a survey it was approximated from available measure-
ments. Table 1 liats the measurements actually used from each survey f:
and indicates any approximations made. Appendix D gives a complete =
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listing of the regression equations computed.
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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
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RICHT SIOE vIEw FRONT VIEW
LEGEND:
LOCAL REFERENCE SYSTEM ORIGINS JOINTS
|- PELVIS 9 - LEFT THIGH M - ABDOMEN-PELVIS T - LEFT HIP
| 2 - ABDOMEN A - LEFT CALF N - THORAX-ABDOMEN U - LEFT KNEE

':aJ 3 - THORAX 8 - LEFT FOOT 0 - NECK-THORAX y - LEFT ANKLE
A 4 - NECK C - RIGHT UPPER ARM P - HEAD-NECK W - RIGHT SHOULDER
o 5 - HEAD D - RIGHT FORE ARM O - RIGHT HIP X - RIGHT ELBOW
- 6 - RIGHT THIGH € - LEFT UPPER ARM R - RIGHT KNEE Y - LEFT SHOULDER

7. RIGHT CAF £ - LEFT FORE ARM § - QIGHT ANKLE 7 - LEFT 30w

8 - RIGHT 700T

NOTES:

c2 o

a.a.

1. EXCEPT IN THE CASE 0OF THE FEET THE LOCAL REFERENCZ AXES ARE LABELED AS FOLLOWS:
A. ALL VERTICAL AXES ARE Z AXES

8. ALL HORIZONTAL AXES IN THE FRONT VIEW ARE Y AXES

C. ALL HORIZONTAL AXES IN THE RIGHT SIDE VIEW ARE X AXES

IN THE CASE OF THE FEET THE LOCAL REFERENCE AXES ARE LABELED AS FOLLOWS:
A. ALL VERTICAL AXES ARE X AXES

B. BOTH HORIZONTAL AXES IN THE FRONT VIEW ARE Y AXES

C. THE HOR!ZONTAL AXIS {N THE RIGHT SIDE VIEW IS THE Z AXIS

3. IN THE RIGHT SIDE VIEW ONLY LIMB SEGMENTS ON THE RIGHT SIDE OF THE BODY ARE SHOWN

vy
R
"~

ARa ata

g ag Sy
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Figure 2. Local Reference Axis Systems and Joint
Locations Used By GEBOD to Prepare
Input Data for the ATB Model.

. e ye Vies be ae :
e a e s THEREYT N et ol

: 14

g Y T T P AT T A P S R S R W




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

LAY,

locaticus as functions of body dimensions were developed, and are

3
:
3

s
3
i'_s.

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-

R

Eﬁ gram GOOD. Others, however, are more complicated and require further
Qj explanation.

-&i 3.1 DETERMINING EXPRESSIONS FOR JOINT LOCATIONS AND SEMIAXES OF

e, TORSO SEGMENTS

X0

52 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
'gé the thorax being all of the torsc above, and the pelvis being all of

r r AR RE L T
. v -
PR P .'-"- e 8 o
LRI PP VOIS P

the torso below. Because of this change in the definition of torso
d segmernts, joint locations and semiaxes lengths were changed from those
given by Program GOOD for the torso.

15
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Abdomen pelvis

Thorax-abdomen

Neck-thorax

Head-neck

Righ: hip

Right knee

Right ankle

Left hip

Left knee

Left ankle

Right shoulder

Right elbow

TABLE 2

JOINT LOCATIONS RELATIVE TO LOCAL REFERENCE AXIS SYSTEMS

RELATIVE

pealvis

abdomen
abdomen
thorax
thorax

neck

neck

head

pelvis

right thigh

right thigh

right calf

right calf

right foot

pelvis

left thigh

left thigh

left calf

left calf

left foot

thorax

right upper arm

right upper arm

rignt forearm

[

0.0

oD
24
(DB g= —5—1/2

0.0
- (DDy g~

0.0

16

oD
24
24) /2

19
n

LOCATION

z
(DD} ~DDg ~DD, +G .1 (DD,=DD, i /2
(DD, =DD, ) /30
- (DDy=DD,) /10
9(DD,=DD,) /20
=9(DD,~CD,) /20
0D,
(DDy=DDg~DD, = 351 /2

04
- (DD; =DDg=DD, = ~437) /2

DD9
(DDg+ Tﬁ-) /2

0024
(DD"(DDZ‘DD4)/10-DDI’DDS- —1r~)/2
DD25
- (DD =DD=DF , 3+ —22) /2
DD24
(DDl-DDS-DDZJ* —~—1/2
= (DD, 3=D0Dgg* 2;%2 - E:%é’/z
DDZS
(DDy4-DDyg~ -Tﬂ_) /2

oD
28
=(DDy, - —52 /2

DD24
(DD‘°(DD2-DD‘)/10-DDI‘DDS- -1;-)/2

DDy
- (DD} ~DDg=DD, 3+ —22) /2

oD,
(DD, =DDg=DD, + —=2) /2
- (DD, DD, o+ —p28 .
2370029 —T7
DDsg
(DDZJ-Dng- —7;-)/2

oD
—28),2

oD
28
- (0D~ =) /2

y/2 -(DDZ-DD3~ -r?-)

N0.q
(DD, 4= —22)/2

oD
20
(DDy g~ ===} /2

DD
20, .
'(Dbla— -_—)/%

n
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Latft shoulder

Left elbow

thorax

laft upper atm

left upper arm

left forearn

TAB'F 2 (Continuved)

0.0

0.0

0.0

0.0

[+)5}
- 19 ,
(DDIO - 2

0.0
0.0

0.0

17

DDyy
- (DD2°DDJ- -!-'—')
P19
-(0D,,- —22)/2
ob
(0D, ,» —22)/2

o0
20
-(DDyg= ==)/2




TABLE 3
CONTACT ELLIPSOID SEMIAXES

SEGMENT %_SEMIAXIS Y SEMIAXIS 2_SEMIAXIS
DDy g Py g
Pelvis —2— - (DDq‘DDs'DDl-O.l(DDz-DD‘))/2
DD oD DD
13 14 R 9
Abdomen —= - (DD2 DD4)/10+ -_
DD DD
11 12
Thorax - - .45(DD2-DD4)
DD9 l:)D9 I.')D9
Neck T I (DDl-DDS-DDZ* -27)/2
DD6 DD7 DID9
Head - - (DDa* F—)/Z
DD, ,+DD DD, ,+DD oD, ,+DD
Right and lLaft Thigh H_2 —2‘“—25 (DD, ~DD~DD, ¢ —tre28) /2
LDy, DDy, oDy
Right and Left Calf - - (DD23 DD29+ _f-!-) /2
DD DD DD
Right and Left Foot —232 —;-9 —53-1-
DD, g oD, 4 oD, 5

Right and Left Upper Arm

|
1
.

(=]
o
~N
[
Q
o
N
-

Right and Left Forearm

2T = —z
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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
((DD, - DD,) /5].

When developing the expressicns 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 (DDZ)' and the
distance from the floor to the bottom of the pelvis was taken as the
difference between standing height and seated height (DD, - DDg) .
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 [(DDZ-DD4)/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 (DDl-DDS),
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 thora:x to the thorax-abdomen joint, which results
in the contact ellipsoid covering the thorax from the top of the

thorax (DDZ) 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 (DD29/2ﬂ). 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 (DDl), and the neck-thorax
joint was placed at shoulder height (DDZ)' In order to provide over-
lap the 2 semiaxis of the head is set to one half the quantity head
height plus neck radius

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 2 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 (DDl - DDS), so the 2 semiaxis

of the neck ccntact 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 90° from the reference system of other systems,
i.e. 2 forward, X upward, and Y to the right. The ankle joint is then




. ———

- e—

-
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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. 1In the
Z-horizontal direction the ankle joint is located as being ankle
radius (DD29/2n) in front of the back of the foot, and the center of
the foot is located at one-half foot length (DD31/2) 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 concep* 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.
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AR
SHOULDER @ ' }
SPHERE
DDW
SHOULDER TO
00, ELBOW LENGTH
SEATED ELBOW
HEIGHT SPHERE \ 2
004
FORE ARM-HAND
0o, l
WRIST
OVERALL
RH i SHOULDER
| SPHERE HEIGHT :
KNEE
SPHERE
00230
KNEE HEIGHT, SEATED
_@_zo ANKLE
SPHERE |
T7 77777777777 7k’
MEIGHT

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 DD19/(2n)
Elbow Sphere DD, o/ (27)
Wrist Sphere DDZZ/(Z“) B
Hip Sphere DD24/(2n) i
Knee Sphere DD26/(2n)
Ankle Sphere DD, g/ (27)
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SECTION 4
INERTIAL PROPERTIES OF BODY SEGMENTS

The inertial precverties cf a body refer to its mass, principal
moments of inertia and associated directions, and the locaticn 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 irertial 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 (DDO).

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-
gue similar to that developed by Leet (1978). This involves modeling
a segment by a right elliptical solid that satisfies twc 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 ave 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 mre 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 ané 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 (DD,). The ratic of this density
to the density of water (which approximates average Luman 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.

(8)

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 2 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 lhis
moves the location of the local reference system of these segments in
the 2 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 2 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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(START)

) J

PROGRAM GEBOD

GEBOD GENERATOR OF BOOY 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
d)  USER SUPPLIED DIM.
ENTER NUMBER CORRESPONDING TO DESIRED SUBJECT TYPE

A
4
O]
At

5 [ENTER 1SUB!
i k]
( POINT C )
R SELECT UNITS FOR USER SUPPLIED DIM.
o y ) ENGLISH
3 (5u8 > 2 MERIC
N NO [ENTER 1UNI Y
SELECT UNITS FOR QUTPUT
1) ENGLISH
| 2} METRIC
N (ENTER 1UNI
3 -
3 IS ATB MODEL FORMATTED QUTPUT DESIRED (Y/N)?
9 I YES
IS IT DESIRED TO PRODUCE ANOTHER
1 BOOY DESCRIPTION DATA SET (Y/N) ANS »Y
4 (ENTER ANSI <
3 D WEIGHT (stop)
',f / 2 STANDING HEIGHT
I <o YES 3 ALL OF THE ABOVE
| ENTER NUMBER CORRESPONDING 10 GO TO POINT 8
i NO PREDICTING DIMENSIONIS) TO BE SUPPLIED
! IENTER 1DIMI

0 AGE
D WEIGHT
2 STANDING HEIGHT

: 3 ALL OF THE ABOVE GO TO POINT A

' ENTER NUMBER CORRESPONDING TO
: PREDICTING DIMENSIONIS) TO 3€ SUPPLIFD
{ENTER 10/MI




ENTER VALUE FOR AGE

! IN THE RANGE  24.00 240.0
. SELECT UNITS FOR AGE YES
1)  MONTHS
D YEARS
{ENTER 1UNI NO
ENTER VALUE FOR AGE
IN THE RANGE  2.000 20.00 >

ENTER VALUE FOR WEIGHT
IN THE RANGE 22.27 247.6

YEs SELECT UNITS FOR WEIGHT
[UNel 1) (8S
2) KGRAMS
NO (ENTER (UNI

ENTER VALUE FOR WEIGHT
- IN THE RANGE 10.10 112.3

RN YT, TR (TR -

Prc

e
a

AN

-

ENTER VALUE FOR STANDING HEIGHT
IN THE RANGE 32.01 16.54

SELECT UNITS FOR STANDING MEIGHT YES
1) IN ‘ @
2 oM

(ENTER 1UNI NO

ENTER VALUE FOR STANDING HEIGHT
IN THE RANGE 81.31 194.4
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ENTER VALUE FOR WEIGHT

; SELECT UNITS FOR WEIGHT IN THE RANGE 85.00 . 0.0
| D Les yEs
2 KGRAMS lUNeL
) ReTILE <
(ENTER 1UNI

ENTER VALUE FOR WEIGHT
IN THE RANGE 38.36  90.72

ENTER VALUE FOR WEIGHT
IN THE RANGE 118.0 | 264.9
YES
1UNs1
NO
ENTER VALUE FOR WEIGHT .
{ IN THE RANGE $3.52 . 119.7
4
ENTER DESIRED PERCENTILE FOR WE!IGHT
(A REAL VALUE BETWEEN 0. AND 100.) ‘
VES
@n
) ENTER VALUE FOR STANDING HEIGHT NO
SELECT UNITS FOR STANDING HEIGHT IN THE RANGE 56.93 . 12.05
H o IN YES
- D CM [UN-1
N %-TILE
(ENTER IUNI NO
ENTER VALUE FOR STAMDING HEIGHT
IN THE RANGE 144.6 , 183.0
ENTER VALUE FOR STANDING HEIGHT
IN THE RANGE 62.17 . 77.64 g
YES
1UNs1
NO
ENTER VALUE FOR STANDING HEIGHT
IN THE RANGE 157.9 . 197.2
]
ENTER DESIRED PERCENTILE FOR STANDING HEIGHT r—J S
{A REAL VALUE BETWEEN 0. AND 100.) GO TO POINT
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APPENDIX B
SAMPLE OUTPUT FROM PROGRAM GEBOD

TEST OF $’10" MALE WEIGHING 1SOLB.

ADULT MALE )

SELECTED BODY DIMENSIONS
MEIGHT 150.0 LBS
STANDING HEIGHT 70.00 IN

COMPUTED BODY DIMENSIONS

8] WEIGHT 68.04 KGRAMS
1 STANDING HEIGHT 177.8 cnM
2 SHOULDER HEIGHT 145.1 cHM
3 ARMPIT HEIGHT 130.4 cM
4 WAIST HEIGHT 107.2 cM
S SEATED HEIGHT 93.12 cmM
6 HEAD LENGTH 19.74 (ofy |
7 HEAD BREADTH i1$.42 CcM
8 HEAD TO CHIN HEIGHT 22.79 cHM
9 NECK CIRCUMFERENCE 36.63 cM
10 SHOULDER BREADTH 40.01 cm
11 CHEST DEPTH 2e.58 cM
12 CHEST BREADTH 30.80 cM
13 WAIST DEPTH 20.63 cm
14 WAIST BREADTH 28.39 cm
is BUTTOCK DEPTH 21.7S cM
ie HIP BREADTH, STANDING 33.59 ol |
17 SHOULDER TO ELBOW LENGTH 36.0S cH
i8 FOREARM=-HAND LENGTH 49.41 cm
19 BICEPS CIRCUMFERENCE 29.01 cHM
20 ELBOW CIRCUMFERENCE 30.19 cM
21 FOREARM CIRCUMFERENCE 26.74 cm
44 WRIST CIRCUMFERENCE 17.03 cHM
23 KNEE HEIGHT,SEATED 5S.61 cM
24 THIGH CIRCUMFERENCE $3.79 cM
2s UPPER LEG CIRCUMFERENCE 36.74 cm
-4 KNEE CIRCUMFERENCE 37.30 cm
27 CALF CIRCUMFERENCE 34.92 cM
28 ANKLE CIRCUMFERENCE 21.44 cmM
29 ANKLE HEIGHT,OUTSIDE 13.83 cm
30 FOOT BREADTH 9.601 ofy |
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 a., b,

1 1

each i (i = 1, n) a; + bi =cy- The mean of the A, B, and C popu-

lations are a, b, and c, respectively, and S,» Sp+ S, are the

'y (i =1, n), and for

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

th

deviations away from the mean. Thus if an, b and c, are the m

ml
percentile points of their respective populations, there exists an
a such that a, = a + asa, bm = b + asb, and Chn = ¢+ asc. Ideally
ap, + bm = Cp’ however, in general this is not the case, as is shown

in the following:

cC._=¢C + as
m 1 ¢ a Zci 2
= n L Ci + -1 [Z(Cl - _n ) ]
Z(a, + b.) 2
.1 a _ i i ]

+ b+ E%T (Z((a; - @) + (b - S))zl

[}
|
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where the usual definitions of mean and standard deviation

(a = % Zai, Sa = H%T X(ai - a)2, etc.) have been used.

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 populations 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 Par 9, pb, and q, would be computed such aj = Py S, + q,
and bo- Pp S0 * 9y where a, is the least squares value from the
A population corresponding to S (a value from the C population),
and bo is the least squares value from the B population correspond-
ing to Cye Using standard least squares technigues the values of
these parameters are computed as follows:

L(aj = a)(c; -0)

P, = — , q. =a-p. c
a Z(ci _ C)Z—' a a
Py, = S Gy =B - b T

Lic; - 8)° b

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, + Pp = 1l:

I(a; - 'a')(ci -2 L(by - b) (¢, - <)

P, t+ Py = -2 ¢ )

Q-

)
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I{(c; - Cil(a; = a) + (b; = b))]

E(Cl - 6)2
Ll(e; - E)(ai + by - (3 + b))l
= ~ 2
Z(ci - C)
Iite; - 2
L(cy -E)T

Using this result it can be shown that values from the A and B poru-
lations, ag: and bo' respectively, both corresponding to tha same
value of the C population, C,e Sum to that value of the . popula-
tion:

ao + bo = paco + qa + pbco + qb
= co(pa + pb) + (qa + qb)

=c, + (a = p,c + b - PuC)

c, *+ (a + b) - c(pa + pb)

=c,tc-c¢

= C4e
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

This appendix contains a complete listing of the regression
equations developed for use by GEBOD. For the adult male and female
sets heights 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 1s a step-wise multiple regression against all
of the predicting variahles. Since this is a step-wise regression,
only thcse 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 (NSUB) are given.
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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 directicn of ¢ has volume
4/3 m abc. If this ellipsoid is homogeneous with density p its
inertial properties are as follows:

mass = 4/3 m p abc,
X moment of inertia = mi?s (b2 + cz),
y moment of inertia = 9%55 (a2 + c2),

z moment of inertia = E%?ﬁ (a2 + bz),

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 elliptizal end surface of cylin-
der 1 most distant from the center c¢f the stack. The x, y, and z
axes are parallel to the directions of the local reference system of
the segment being mocdeled (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 a;. 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 ith cylinder the following geometric and

inertial properties:

volume =vy = naibih,

mass =mj = PVi,
. . = M 2 2

x moment of inertia = Ixx; = W) (3bi + h"™),
. . ny

y moment of inertia = Iyyi = T% (3ai2 + h2)
. . _ _ mj 2 2

z moment of inertia = Izz; = v (ai + bi )

x center of mass coordinate = cgx; = 0.0

y center of mass coordinate = cgy; = 0.0

z center of mass coordinate = cgz; = (i - %)h,

where the x, y, and z moments of inertia are about axes parallel
to the x, y, and 2z 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:

Zmichi _

|
o
.
o
-

x center of mass coordinate cgx =

Zmi

Zmicgyi
ng=~ﬁr—=0.0,
Zmicgzi

ng=——f-r'€j—-.

y center of mass coousdinate

z center of mass coordinate

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 momentsg
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 2 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 Izz;. 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 stac< are summarizec. as follows:

n
. 2
x moment of inertia = Ixx = L [Ixxi + mi(cgz - cgzi) 1,
i=1
n 2
y moment of inertia = Iyy = [ [Iyyi = mi(cgz - cgzi) 1,
i=1
n
z moment of inertia = Izz = I Izzl.
i=1
I
|
i
|
: 51
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APPENDIX F
SOURCE LISTING OF PROGRAM GEBOD

C~=PREGRAN GEJODe==we=(PERKIN~FLMER FTN ViI)==wee-ceccceccccacmccccccccccnnaan(
GE3GCD GENERATES 300Y OESCRIPTIIN DATA SETS FOR USE IN THE ARTICULATED
TOTAL 3C0Y (AT3) MODEL. USER HAS CHOICE OF PRCDUCING A DATA SET
CORQRESPONDING TO ADULT MALZ, ADULT PEWALE, CR A .ATLD SU3JECT.

THE IASIC GEOMETRY CF TME MODEL USED TO CALCULATEZ THE BOOY DZSCRIPTION
OATA IS AN EXTENSIVELY MOOIFIED VERSION OF THE MODEL USED BY

PROGRA® GOOD (GENERATOR OF OCCUPANT DATA) WRITTEN BY CALSPAN

CORP. THE MOOIFICATIONS TO THE MODEL AND THIS THC RESULTING

PRCGRAF, WERE WRITTEN 8Y THE UNIVERSITY OF SAYTON RESEARCH

INSTITUTE UNDER CONTRACYT £33615-d1-C~-0513

-

24
K
14
.'.

v
-

FILES:
JNITT1==USER SUPPLIED OIMENSICNAL DATA.
UNIT3I-=RESULTS READY FOR INSERTION INTQJ AN AT3 MOOEL INPUT DECK.
UNITS (CRT CUTPUT)==INPUT PRCMPTS ARE WRITTEN TO THIS UNIT,
UNIT?7 (CRY INPUT)==SU3IJECT DESCRIPTION IS ENTERZD TO THIS UNIT.
UNIT9 (PRINTER)==TA3ILE FORM OF RESULTYS.

ROUTINES (IN QRDER OF APPEARANCE):
PROGRAM 58900
3LOCK DATA
SUBROUTINE 0IALCG
SUBROUTINE ASKUN
SUBRCUTINE PTILE
SUBRGUTINE CONTAC
SUBRCUTINE SEGMAS
SUBROUTINE SGINER
SUBACUTINE ELLIP
ENTRY ELLPNL
SUBRCUTINE TORSO
SUBROQUTINE FEET
SUBROUTINE RESULTS
SUBROQUTINE CNVART

VOO NN OO DGO OO
e N s a N e N e N a Nl aa ke e Ea N a R e R N e N oW aNa N N N WaNaNaNa N AN Wa i el

PROGRAM GES0D
CCMVMON /91IMS/ 00(=1331),REGEI(24,~12:31),PRED(O:2)
COMMON /FLOAT/ PI,P12,P14

CALL CARCCN (9.1)
PL s ACCS(=1.)

.3 P12 = Pl ¢ At

- PI4 = P2 ¢ P12

e

3

b 10 CALL DIALOG (SFTR,ICNT,ISTRT)

wl If (IPTR.LT.25) THEN

l DO 1CO0 [ = ISTRT,3I1

. 00(1) = REGES(IPTR®ICNT,I)
q 0C 100 J = J,ICNT =1

3 109 00C1) & 00CI) ¢ PRED(JI*REGEA(IPTR*J,I)
3 ENOTF

PR Sl

CALL CCSNTAC
CALL SEGMAS
CALL SGINER
CALL RESULTS (ISTRT)

: 6370 10

it END

. C==3L0CK DATA~mccacccccrecrcccnarecnencrccacrscrsactsncernresruseesessancavsows(

. ¢ OATA IN COMNMON AREAS C
4 /SGMNTS/==SEGMENT DATA ¢

52

ClL, R, ;S (B,

AT T ST S WL SR e R B ey e




ABCN~=XsY, AND J CONTACT ZLLIPSOID SEMIAXES FOR EACH SEGMENT

RMN-=MASS OF ZACH SEGMENT

PHI==SEGNMENT MONMENTS OF INCT A

X72CG=~LCCAL REFERENCE CCORC.VATES CF CENTER QF SEGMENT
CONTACT ELLIPSOIDS :

/INYS/==JOINT DATA

ANJ-=LOCAL REFERENCE SYSTEM COORDINATES OF EBACH JIINT. THIAD
SUBSCRIPT EQUAL TQ 2 SPECIFIES LOCAL REFERENCE SYSTEN OF SEGMENT
J*#1. A VALUE CF 1 IN THIS POSITION SPECIFIES LOCAL REFERENCE
SYSTEM OF SEGMENY JUNT(J), WHERE IN BOTH CASES J IS THE VALUE OF
THE FIRST SUBSCRIPT.

SNT==POINTER ARRAY FOR ASSOCIATING JOINTS WITH SEGMENTS

YPALL==YAW, PITCH, AND RCLL ANGLES GF JOINT AXES RELATIVE TO LOCAL
REFERENCE AXES

IPIN=<SPECIFIES JOINY TYPE

/0IPS/=~800Y OIMENSION DATA
00==800Y OIMENSIONS
REGES~<-REGRESSION EQUATIONS USED TO COMPUTE 30DY DIMENSIONS
PRED~=VALUES JIF PREDICTING VARIAALES TO 9€ USED WwITH REGEQ
RANGE==ACCEPTIBLE RANGE FOR PREDICTING VARIAGLES
CONV==CONSTANTS FOR CONVERTING 80NY OIMENSIONS FROM METQIC TO
ENGLISH UNITS

INAMES/=~CHARACTER STRINGS FOR VARIOUS LASBLES
SUBTYP==DESCRIPTION TO USER CF 4 SJURCSES OF 800Y DIMENSION DATA
SEGLAB==SEGMENT LABLES
IJNTLAB==JCINT LADLES
PLISYM==PLOTTING SYMIOL FOR SEGMENTS AND JOINTS
DIMLAB==NAMES OF THE 300Y DIMENSIONS
TITLE==RUN TITLE SUPPLIED 3Y THZ USER
UNITS==UNITS FOR USER TO CHOOSE BETWEEN

/PLOAT/==VARIOUS CONSTANTS
PIle=THE CONSTANT PI
PI2==pPlee?
Plim=Plosni
OENS~=DENSITY USED FOR COMPUTATION OF SEGMENT INERTIAL PROPERTIES
GRAV==ACCELERATION OF GRAVITY

/CYL/==0ATA USED IN RIGHT ELLIPTICAL CYLINDER MOOELLING OF SEGMENTS
POR COMPUTATION OF INERTIAL PROPERTIES
ZEES=-=CONTAINS Z CORDINATE GIVING VEQTICAL EXTENT OF CYLINOERS
IH==HEIGHT OF EACK CYLINDER IN TME NUMERICAL INTEGRATION
NSEG~=NUMBER OF CYLINOERS IN THE NUPERICAL INTEGRATICN
CGZ==1 COORDINATE OF CENTER CF GRAVITY OF MCOEL
ATCCR=<£ LGNT COOMECTION FACTCR USED TO ADJUST DENS

o

ALL DATA WILL B8E CALCULATED AND 3TORED IN ENGLISH UNITS

00(=1)*=PONTHS

00(C,==PCUNDS

09¢1)=00(31)=<INCHES

DENS~=SLUG/INee]

GRAV==IN/SE8(Cee?

RMN==~SLUGS

Pul==SLUGFIN#*2

ALL REMAINING LINEAR MEASUREMENTS ARE IN INCHES
THESE UNITS ARE UTILIZED UNTIL JUST PRIOR TQO WRITTING OUT CF R¢-
SULTS., VALUES ARE THEN CONVERTED, IN PLACE, TO APPROORIATE UNITS.
THE VALUE STORED IN GRAV IS USED FOR CONVE®SION FRCM SLUGS 70
P0UNDS.

- aoee ooweocscaan L T fTeececccscsoccoacesacvaas
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BLOCK CATA

COMMON /SGENTS/ ABCNCI1S,3),RMNCT5),PHNIC3,15),XY2CG(13,3)
COMMON /JINTS/ RHICS,28)7INTC16)  YPRLL(14,6),I9IN(14)
COMMON /0INS/ 0D(=1:31),REGEQ(24,-1:31),PRED(3),
] RANGEC2,~131,3),CONV(=1:1)

CONMON /NAMES/ SUBTYP(4),SEGLABCTIS)  UNTLABC(T4L) ,PLTSYN(29),
% DIMLABC=1:31),TITLELUNITS(3,~1:2)

COMMON /PLOAT/ PI,P12+,P14,0ENS/GRAV

COMMON /CYL/ IBESCO0:15),INH(15)/,NSEG(15),CG2C15),WwTCCR
CHARACTER SUBTYPw20,SZGLABRI, JNTLAB®2,PLTSYN®T1,DIMLABR24,TITL v 60
CHARACTER UNITS*é

DATA SEGLAB/'LYT ','CT ", 'UT ','N  ','H *L,'RUL','RLL',
CORF 'LLUL'APLLL A 'LF 'S 'RUA',PRLAY,'LUAT,"LLAY/
DATA JNTLAB/'P ", ' "N, 'HP ', "N, 'RK','RA',
SELN LR ', LA'S RS, "RE L 'LS ', 'LE */
DATA PLTSYN/ 10,029, 038,840,061 840 090,000 ,000,0,0,0g8,9¢0,9p0,
FANAPAR AR LPL) LA LRI A AT LIRS PR LIPAR APRRILIALTAARE AR AV A PR L AV
DATA INT/122,30401¢607¢1+9+1043,12,3.14/7
DATA SUSBSTYP /'CHILD (2 = 19 YEARS)','ADULT FEMALE',

) CADULT MALE®, TUSER SUPPLISO DIM.'/
DATA UNITS /'MONTHS', YEARS',* *,'L2S','KGRAMS ', "X~TILE',
1.1 CINS LS TCMT I X=TILE ', "ENGLSH S TNETRIC, ¢/

BATA CONV /12.,2.2066/,439370/,0ENS,GRAV/1,12287E-3,32,174057/
¢
C DIMENSIONAL DATA LABELS

DATA OIMLAB /

'AGE " WEIGHT

3 h ',
¢ 'STANDING MEIGNT 's"SHCULDER MEIGHT ',
'3 TARMPIT MEIGNT 'S'WAIST HEIGHT Y,
$ YSEATED HEIGHT ',7'HEAD LENGTH 'y
3 ‘MEAD SREADTH '4'HEAD TO CHIN HEISHT ',
g "NECK CIRCUMPERENCE s SHCULOER 3QEADTH ‘s
3 *CHEST OEZPTH ', CHEST BREADTH ‘s,
2 ‘WALST DEPTH '2'4AIST OREADTH ',
] 'BUTTOCK OEPTH ‘2'HIP BREADTH,STANDING 'y
) *SHOULOER TO ELBOW LENGTH','FOREARM~WAND LENGTH ',
$ ‘8ICEPS CIRCUMPERENCE '7'EL90w CIRCUMPERENCE ‘s,
3 CFOREARM CIRCUMFERENCE 's'WRIST CIRCUMFERENCE ',
¢ 'KNEE HEIGHT,SEATED "4'THIGH CIRCUMFERENCE 'y
[ 'UPPER LEG CIRCUMFERENCE ',°'XNEE CIRCUMFERENCE *,
D) "CALF CIRCUMPERENCE Y7 ANKLE CIRCUMPERENCE 'y
é YANKLE WEIGHT,O0UTSIDE ','FO00T 9READTH 'y
Y *POOT LENGTH '/

CATA RANGE /
326,00 s 2460.0 s 22,27 o 247,64 s 32.01 e 76,54 ’
2 18.3¢ s 56.50 ¢+ 23,00 » 200.0C s 56473 , 72,39

’
£ 21,50 s 50.50 s 118.0 r 264.C s 52,17 s T7.64 /
DATA (REGEQ(J,=1), J®1,24) /
4 1.000 s bS6TE~12, 1,213 s 25443 » 50202 =158.9 ’
Z 1.000 lOn IO. ’ 0‘3‘7!-12100 IC- ’
iO- IC- IO. /0. IOQ IC. 4
300 IO. 10- 20 IOQ IO. /
DATA (REGEU(J, 0), Jm1,24) /
L .6628 2=.7660 s 1,000 7 «bSLTE=12, 3,743 »°122.2 ’

)

0.

o 1.0C0

2 3.7%7 =111,2
2 .9098%8~-12, 4.5%0
DATA (REGEQ(J, 1), J=1,24) /
& 17506 s 32,682

i

0.

.0

0. s +63647%=12, 1,000

r «hS4TE=12,

r 1.000 s0. s o43547%-12, 1.000 ’

,=162,7 + 1.600 +0.
s J2314 s 35.58 » 1.000

s «9095€=-12/

s $2274E=12,

¢, 1.000 7 «2274E~12, L7389€-21, $4.16 ’

¢ 1.000 s J2274E-12.0. s 1,000 s +2274LE~-12, .5850E-21,




% 59.5%6 » 1.000 s J6%547E-12,0. s 1.3CC s 4S4L7€E~-12/
DATA (RESEGC(J, 2)0» JI31,24) /
¢ 13513 s 2679 r <1994 ¢ 27.37 s 8721 r=3.39% ,
10. eQ. e 8721 r=3.398 s «7T182E=0%, 42.77 4
8 .37%1 r=3.936 s «TS55E=02, .3449 »=3.096 s «5344E=01,
& 47.02 s 8911 r*5.349 s «858JE=-02, .8522 r=3.824 /
DATA (REGEG(J, 3), J®1,24) /
¢ 167 e 22.53 s <1916 s 2%5.19 s <8115 r=6.669 ’
L0. r=.1217€=-21, 8770 r*5.954 s «5840E-01, 39.83 ’
§ .3309 r=5.762 r=e8495€~02, .35%1 r=6.4634 ¢ «4637E=01,
S 43.06 s 43398 r=T.3%29 s IT61E~02, +4569 +=8.,066 /
JATA (REGEQC(J, &)/, 131,28) /
2 .1186 e 17.76 s 1530 s 19.97 r <6922 r=b,726 ’
30. r=.1855E-01, .7519 =7.012 s «5302€-01, 32.73 ’
& .6345 r=bq206 0. r 6845 r=4.206 s «364L2E~=Q1,
& 35.39 s 7043 »=7.256 s=.08506€-02, 7338 ,=3%.185 /
DATA (REGEQ(JI, S), JI®1,24) /
1 .78046E€-01, 19,17 s 41047 s 20.34 v k412 s 4,849 ’
§ .5848€-02, .1910€-01, .3393 s 84114 ¢ «3627€~01, 29.09 ’
& 4225 e 6734 s JST73IE=Q2, 401C e 7.376 s «2664E=01,
8 32.06 s 46043 r B.4&0 s «60605-02, .3859 s 9.039 /
DATA (REGEQ(J, 6)s J31,24) /
& J3642E-02, 0.831 s +3571€-02, 6.881 s «2269€-01, 6,110 ’
3=.3975€-02, .27938-02, .3264€-Q1, 5.825 r +4897€~02, 6.625 ’
$ «360CE~01, 4.9%0 s «30215-02, .2471€-01, 5,286 s «3209€=02,
{ 7.286 s o2680€~-C1, S5.98%2 s o2233€-02, .1668E~01, 6,271 /
DATA (REGEQCJ, 7)., J=1,24) /
S .3642E-02, $.220 s .5337E-02, $.237 s +2096€=01, 4.532 ,
8= 6471E=033, .3641E~02, .1071E-01, 4.873 s 4089€-02, 5,194 ’
& J1347E-01, 4.858 s 4089E8-02,0. s $.194 s «3C60€~02,
¢ S.611 s J117466-01, $.322 ¢+ +3060€-02,0. s 5611 /
DATA (REGEQ(J, 8), Js1,24) /
& A988€E~-02, 6.582 r «1266E-01, 6.666 s +S203E~01, 4.367 ’
6=.2157€-92, .4550€E~Q2, .4621€=-01, 5.08C v «7362€=-02, 7.688 ’
& .46816E-01, 4,278 s «3057€-02, S56074E-01, 4,615 s «314638~02,

$ 8.4620 s J6659E=01, S.712 Ne s «4659E=01, S5.712 /
DATA (REGEQ(J, 9), JIS1,24) /

& .22818-01, 8.421 v «3449€E=01, 8.448 s <1301 s 6177 ,

0-.2812€-02, .3292€=91, .2141€-01, 7.760 s «2316€E-01, 10.34 ’

¢ .39008-01, 7.607 v «2316€-01,0. s 1034 s «2644E=D1,

é 10.89% s «6S2TE~01, 10.54 s «28306E~01,=.6185E-21, 14.54 /
DATA (PEGEQ(J,10), J=1,24) /

g .3898E~-01, 7.530 s 24866E=-01, 3.020 r #2060 r 8749 ’

& J40378~-02, .1633E-21, 1271 s 34354 ¢ o1927E-01, 11,66 ’

L 1248 s 6,160 ¢ J1369E-Q1, .7344€-01, 7.482 r «16128=31,

2 13.24 s 41181 e 7799 ¢ «1253E=01, +6133E-91, 9.578 /
DATA (REGEQ(J,11), J®1,24) /

§ +2970€-01, $.225 s +h249E-01, 5.333 s 01620 r=~.2618€=01,

30. s «3T648=01, .2091E-01, 4,539 s «3412€=01, 4.968 ’

§ .7300€-21, 4,630 s «39898-01,-,7607€¢~01, 9.C86 s «2690E-01,

1 4.984 s «611468-01, $5.386 ¢ o3174E=01,~,8265€=01, 9.915 /
DATA (REGEQ(J,12), J®1,24) /

L .2699€-01, $5.198 s «3836€=01, S.411 s <1504 7 «3666 ’

4 ,45138-02, ,2798E=91, .2213E~01, 4.506 r «J1BS5€E=-01, 6.568 ’

£ .38758=91, 5,357 s ¢3505€~01,~-,4222E-01, 9,255 s «2911€-01,

$ 7.85% s 8377€=01, 6.709 s o32%54E-01,~-.5866E~01, 11.35 /
DATA (REGEQ(J,13), J31,24) /

& J12848=01, 5.024 ¢ 2 2279E=01, 4,763 ¢ +7598E-01, 2,485 ,

8=.8176€=02, 599%E=01,-,3147E~01, 6.097 s +29228-01, 2.979 ’

£ .5358€-01, 3.279 s «3S511€=01,-,7761€=01, 7.133 s «3026€-91,

3 3.9528 s S167E=21, $.174 s «37068=01,=-.1162 s 10,46 /
DATA (REGEQ(J,14), JS1,24) /

$ 27188~-01, $5.367 s «3977€-01, 5.%508 s #1522 s <4650 ’
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£ .392%E-02, .3503c-921,0. e S.506 s «3527€=01, S.C10 ’

& «1C60 s 27364 s +3BCCE=J1,=.3598E=01, 6.9%9 s «3761E=G1,

§ S.6% ¢ 41105 s b 473 s 4211E=01,=,8025E=01, 10443 /
DATA (REGEQCJ,1S), JU®1,26) /

§ .2730€=01, 4.812 r «6032E=01, 4,910 r <1528 r=o1220 ’

é J4B93E<-02, .38748-01,~-,1900E=01, $5.466 ¢ «3619E-01, 3.976 .

2 +7090€-01, 3,303 s «4021E=01,-.7937€-01, 8.27S s «3077€-C1.,

g 4.098 e JE9T8E=01, 4.566 s «36328°01,=.347SE=01, 9.749 /
OATA (REGEQ(CJ,168), J=m1,24) /

% .3552E-01, $.542 s «L9STE=D1, 5.90S s 1968 r=e7718 ’

& J1131E=01, .3192E-01, .1642E~01, $.020 s «40%2E8-01, 8.610 .

£ .123% s 54563 s +6294E~01,=43192E~01, 1C.34 s +2803€-01,

% 9.219 s 41258 s S.10C s «2303€-01,0. s 9.919 /
DATA (REGEQ(J,17), J®1,24) /

§ 3933€E=01, 6,369 s «5175€=01, 7.038 s 22237 r=.9239 ,

& .3633E-03,0. s <2193 ,r=.7898 s «1702E<-01, 10.04 ’
& 1962 r=.3163 r J2976E=02, 1851 ¢ «1659E-01, ,1256E=01,
S 11.97 s «2087 . 6138 Q. s 2087 r=.4158 /

DATA (REGEQCJ,18), J=1,24) /
& J4900€-01, 8.421 s +6536E=-01, 9.182 s <2804 r=.7587 ’
8-.2689€~02, .4490E-02, .2776 r=.6274 s «2C92E-01, 13,78 ’
2 2478 v 46324 s +296GCE~Q2, 2367 ¢ 45615 s «1671E-91,
§ 16.54 r 2646 s <9735 s «16775=92, L2570 s 1,213 /
DATA (REGEQ(J,19), JI=1,24) /
& <2864E=01, 4,976 s JH173E=Q1, 4.878 r +1501 s 1143 ’
3d. s «5211E=01,=.46492E=01, 6.478 v «4369E-01, 4L.522 ,
% .53868~01, 6.646 s «S552%E=0Q01,=,1527 s 12.79 s «3340€-01,
£ 6.408 s +5996€-01, 8.219 s «4067E-01,-.1243 s 14,02 /
DATA (REGEQA(I,20), Js1,24) /
& .2267E~01, S$.152 s «3634E~-01, 5.166 s 21290 s <9440 ’
821738802, 3358E=01, 1344E=-01, 4,738 s «2L21E=01, 7.539 ’
$ 1221 s 2.826 s +2086E-01, .44208~01, %.145 s «1919€-91,
¢ 8.767 s 1061 s 6.894 ¢ <17878-01, 2601€-01, 7.416 /
OATA (REGEQ(J,21), J®1,24) /
& .2267€~-01, S$.182 7 «3434E=01, 5.1686 s 21290 7 49440 ’
L=.1938€-092, .3353€=01, .1344E=91, 4,738 s «2643E-01, 5.479 ’
2 .7083€-01, 4.719 s «29385-01,-.3890€-01, 7.986 s +2116€=01,
& 7,611 s +6768E=01, 6.3%9 s «2341€8=01,-,3835¢€-91, 9,700 /
OATA (REGEQ(J,22), JS1,24) /
2 «114638=91, 3.971 s «17718-01, 3.951 ¢ «6620€-01, 1.791 ’
L. 347%E=02, .1804E=01, 1674E=01, 3.447 ¢ +1090E=01, 4,503 ,
3 5371€-01, 2.463 s 953CE=Q2, .1810E~01, 3.523 s «9921€-02~
¢ $5.202 s «5166E~01, 1.317 s «9386E-02, .9137E-02, 4£.657 /
DATA (REGEQA(J,23), J®1,24) /
& 5917€-01, 9.584 s «T7857E-01, 10.5% s 43433 s=1.746 v
4-.864808-02,-.45272=02, 4045 ,=3.654 s «30C2E-01, 14,78 ’
3 3348 r=2.547 s «64669E=-02, .3104 ,=1.823 s «2b67E=01,
8 17.467 s 43538 ,r=2.8389 e o524L4E-02, 3321 r=2.141 /
DATA (PEGEA(J,24), J®1,24) /
& «0J86E=01, 9. 311 s «B8944E=J1, 9.551 s «3322 +=1.5%560 ’
7 «1013€-01, .3338€-01,-.2709€-91, 10.25 s «8617€-01, 11.12 ’
3 1869 s 9.912 s «9769E=01,-.1781 s 20,77 s +6998€-91,
$ 11.01 s 1614 s 11.89 s 8237€E=-01,-.2117 s 23,64 /
DATA (REGEQ(J,25), U®1,24) /
3 480%5€-01, 7.998 s «7076E=Q01, 8.19S s «2691 r=.8787 ’

¢ .59308-02, .6353E-91,0. s 3,043 s J0412E-91, 9.908 v
; l"é‘ ’ 7.“6 ’ .71375’011'.1022 ”, 15.“ ’ 032295‘51I
3 9.621 e 1412 s $e370 s «3227€-01,0. , 9621 /

DATA (REGEA(J,26), J®1,24) /
d .68058-31, 7.998 s J7076E~91, 8.195 r <2691 ,=.6787 ,

4 5930e~02, .6358¢-21.,0. s 84063 s +hb06E-01, 3.694 ’
g 1458 s 4,988 s +6605E-01,~-,2626€E-01, 1C. 11 s +3324E-01,
& 9.686 r 41512 s 4,918 s «3334€-01,0. s 2.686 /
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DATA (R€GEICI,27), JI=1,24) /

3 «3544€E-CY1, 6,485 r «5209€=01, 6.439 s 21998 s 42129 ,

$ J1539E-02, 43708-01, .2325E=01, S5.794 s +4012€-921, 8.335 ’

d <1104 + 6,386 s «b4429€-91,2,5693E-01, 11.31 ¢ «3250E=01,

$ 9.002 r «3%42E~01, 8.409 s «3718£-01,-,8000E-01, 13.77 /

DATA (REGEGC(J,28), I31,24)

& J1770€-01, S.116 s «26359€=01, 5.152 s <1016 s 1,786 ’

£=.36648-02, .22842-01, .3%523E-01, 3.99% s +1809E-01, 3.999 ’

S $ 7803801, 3.449 ¢ «1720E=01, 11778=01, 5.361 ¢ «1610€=-01,
e : ¢ 6,028 ¢ «46599€=01, 4,216 2 «1665€=01,=,5456E-02, 6.593 !

DATA (RZGEQACI,29), Jw1,24) /

% .63378-02, 1.319 ¢ «92I2E~-02, 1.417 s +4C158-01,~,2052€-01,

L

.-
P

t-.1302¢~-02.0. ¢ «4697€-01,-.2305 s «3634E-02, 2.230 .

1 «4163€-01, .9788€-02,0. ¢ «4163€E~-01, ,9788€-02, .4310E=Q2,
; $ 4.652 s <8736€-01,-.6990 ¢~ 1090€=92, .9230E-01,~.8545 /
F o DATA (REGEICI,I0), J=1,24) /

& 3742802, 2.193 s «1221E=01, 2.283 r +S0OS2E=91, .5281 ’
8=.17228-02, 46117E=02, .44C7E=01, 7576 v Jb638E-02, 2.9C1 ’
3 29478-01, 1.611 s «33S3E=-02, .1694E~-01, 1.58¢ s «4136E=02,
t 3.127 r «3418E-01, 1.459 s «2907E-02, .2101E-01, 1.873 /
DATA (REBGEACJI,31), Jm1,24) /
& J20366-01, 5,384 s «327%8-01, S.742 s 1615 ¢ JT7C17 ’
£=,5737¢~-92,Q. s <1718 ,=42128 ¢ «1365€=01, 7.738 ’
& 1299 s 1,186 s «5296€E-02, 1101 s 1778 s «1028E=01,
3 8.43%8 s «1309 s 1.502 ¢ «357CE=-02, .1143 r 24012 /

- ——

c
C YAW,PITCH AND RCLL
OATA YPRLL/
& 1‘00.130.10.10.130.:0.1900155¢100190.l‘5.10.160.10.160.:
é 3200.72900s°88.02900s900/,265./°900r1%5./04,15.,15¢0,7/
DATA IPIN/C,0,0,0,0,1,0,0,1,0,0,1,0,1/
ENO
C~=SUBROUTINE DIALOCG - -
YIALIG &RITES PROMPTS TO THE CRT AND ACCEPTS INPUT FROM THE CRT
DESCRIBING THE SUBJECT FOR WHICH 800Y DESCRIPTION DOATA IS TO 8€
PROOYCED. THE PARAMETERS, IPTR, ICNT, AND TSTRT, ARE RETURNED TQO THE
MAIN RCUTINE SPECIFYING THE CHOICES MADE 8Y THE USER
IPTR==SPECIFIES ROW OF REGEQ CONTAINING FIRSY REGRESSION EQUATION
COEFFICIENT TO 9€ USED. IPTR IS SET TO 28 FOR USER SUPPLIED
DIMENSIONAL DATA.
ICNT==NUMBER OF COEFFICIENTS IN THE REGRESSICN ECUATION TO 3€ UYSED.
ISTRAT==FIRST 300Y DIMENSION TO € GENERATED:
ISTRY ==1 (AGE) FOR CHILD SUSJECTS
ISTRY =0 (WEIGHT) FOR AOULT SUBJECTS OR USER SUPPLIED DATA
VALUES ARE ALSO READ INTO PRED FOR THE PREDICTING VARIASGLSS

OO NMAOaOCONN
OO OOOOHDOAOONDIOOO

SUBROUTINE DIALOG (IPTRLICNT,ISTRT)
COMMON /01%S/ D0(=1231),REGEQ(24,=1:31),PRED(=131),

3 RANGEC2,=131,3),CCNV(=121)
COMMON /NAMES/ SUBTYP(4)/,SEGLABCTIS) /INTLAB(T14),PLTSYN(29),
: DIMNM(~1331),TITLE,UNITS(3,~1:2)

CHARACTER SUBTYP®20,SEGLABSI, IJNTLAD®2, PLTSY T, ANS*T1, DIVYNMa2,
CHARACTER TITLE®S0,UNITSe6,CLR(7) 4

INTEGER IPTMAT(=1:2,3),1PT2(13)

ZQUIVALENCE (IPTMAT,IPT2)

DATA IPY2 /1+3+5+,7,11,%1,13,15,18,18,2C,22,25/

DATA CLQ /11a583F32,26C1084813,24A183€C2C,200194800,3229/

WwRITZ (5,11) CLR
WRITE ($,22)

READ (7,333) TYITLE
WRITE (%,11) (LR

57

T ST TR R R T R s e T e



JOY T U S0 B U T e N T A Al P S L Y o - . S - - - T T T

4RITE (5,333) * '//717TLE
WRITE (9,333) '1°//71rLE

10 WRITE (S,33) (I1,SU3TYP(1),1=21,4)
WRITE (5,44)
READ (?7,222) ISy
IF (ISUB.GT.4 .OR. ISUB.LT.1) GOTO 10
WRITE (9,333) *Q3°'//SuBTYP(ISUB)
ISTRT = =
IF (ISUB.GT.1) ISTRT = )
iF (ISU3.GT.3) GOTO 1CO

dRITE (5,11) CLR
WRITE (5,333) ' '//T1TLE
2C dRITE (35,33) (I¢1,DIMNM(I),ISISTRT,1),3,°ALL OF THE ABOVE'
dRITE (5,.55)
READ (7,222) IDIM
IDIM = IDIM =%
IF C(IDIPLT.ISTRY .CR. IDIM.GT.2) GOTO 20
If (IDIM.GE.2) THEN
LPSTRY = [STRT
LPEND = 1
ELSE
LPSTRT =3 IDIN
LPEND = LPSTRT
ENDIF

WRITS (5,11) CLR
WRITE (5,333) * '//T1ITLE
WRITE (9.53%)
90 SO I = LPSTRT,LPEND
CALL ASKUN (DIMNM(Z) UNITS(T1,I),ICHOS,ISTRT+3)
IF (ICNOS.GE.3) THEN
CALL PTILE (ISUB,I,PRED(I))

ELSE
TCONVY = 1,
IF (ICHO0S.GE.2) TCONV = CONV(D)
49 WRITE (S,77) ODIMNM(I), (RANGE(J,I,ISUB)/TCONV,Jn1,2)

READ (S5,444) PRED(D)
4RITE (9,666) DIMNM(I),PREDCI), UNITSCICHCS,I)
PREDCI) » PREO(I)*TCONYV
IF (C(PRED(II=RANGE(1,L,1SUB))e(PRED(II~-RANGEC2,1,15UB))
] «aT. 0.) 3070 40
ENDIF
30 CONTTNUE

1fF (IDIM.LT.2) TH2N
PRED(=1) = ORED(IDIM)
ELSE
IF (ISUB.GT.1) THEN
00 40 1s~-1,0
69 PREDC(I) = PRED(I*T)
ENDIF
ENDIF
IPTR = [PTMAT(IDIM,1ISUB)
JCNT & IPTRMAT(IDIM*1,ISUB8) ~ IPTR - 1§
WRITE (S5,11) CLR
WRITE (5,332) * *//TITLE
RETURN

100 WRITE (5.,88)
READ (7,333) ANS
IF (ANS.EQ.'N') STOP ‘FROM DIALOG'
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IF (ANSJNE.'Y') G0TO 100
READ (1.99) (DOCI),I=0,31)
IPTR = 25
CALL ASKUN(SUBTYP(&), UNITS(1,2),1CHNS,2)
1fF (ICHMOS.GE.2) THEN
00(0) = dDCQ)*CONV(D)
20 120 I=1,31
120 00CI) = 00(I)eCONV(T)
ENDIF
RETURN

11 FORMAT (7A4)

<2 FORMAT (' PROGRAM GEBOD'/' GESO0D GENERATES RODY DESCRIPTION',
' DATA'/' SUITABLE FOR INPUT TOQ THE ATE MQDEL'/

' PLEASE ENTER A DESCRIPTION OF THE SUIJECT® ,

' (<60 CHARS.)')

33 FORMAT (//7(112+°)'»3X,A07))

&4 FORMAT (' ENTER NUMBER CORRESPONDING TO DESIRED SUBJECT TYPE')

. e

$s FORMAT (' ENTER NUMBER CORRESPONDING TQ */' PREDICTING',
3 ' DIMENSION(S) YO 3€ SUPPLIED")

7 FORMAT (' ENTER VALUE FCR ',A24/' IN THE RANGE ',G10.4,',',G10.4)

38 FORMAT (° TO UTILIZE EXTERNAL DIMENSIONAL DATA, THE DATA MUSY BE'
) /' IN THE PROPER FORMAT AND IN A FILE ASSIGNED TC UNIT 1%/
é ' MAS THE ABOVE 3EEN SATISFIED (Y/N) ?')

99 FORMAT (3F1C.0)
222 FORMAT (BN,160)
333 FORMAT (A)
Yy FORMAT (G6C.Q)
855 FORMAT (°*QSELECTED 800Y ODIMENSICNS'/)
1Y PORMAT (A4, G18.4,A6)

END
C~=SUBROUTINE ASKUN==~ - cenee Seesecesccreccccnssansaveccava=(
(o ASKUN ASKS USER CHOICE QF UNITS TO BE USED WITH SOME INPUT VARIABLE ¢
¢ OR THE QUTPUT OF RESULTS. THE PARAMETERS ARE THE FCLLOWING: ¢
¢ VARS~=CHARACTER STRING DESCAIBING WHAT UNITS ARE TQ 9E SELECTED FOR ¢
4 UNITS==UNITS AVAILABLE TQ CHCISE FRCM ¢
4 ¢
¢ 4
¢ C

ICHOS==RETURNS wHICM OF THE UNITS WAS CHOSEN
ICNT==NUMBER OF DIFFERENT UNITS AVAILABLE TO CHOCSE FRCM

Ty T 2] -aee coecsevoviancovcoswecancam

SUIROUTINE ASKUN (VARQ,UNITS,ICHOS,ICNT)
CHARACTER VAR (#*),UNITSC(ICNT) «6,UNITIN®S

39 4RITE (5,66) VARE
KRITE (5,55) (I, UNITS(I),I31,ICNT)
QEAD (7,44) ICHOS
IF ( (ICHOS=1)*(ICHOS=ICNT) 3T, O} GCTO 30

RETURN

4é FORMAT (B8N,160)

$s FORMAT (11C,*)*,5X,A)

L1 FORMAT (' SELECT UNITS FOR ',A)
END

«=SUBROUTINE PTILE - P P P e L P PR PR L P L R L LR L e

-

c PTILE CCMPUTES A PERCENTILE POINT, SPECIFIED 3Y THE USER, OF A 30DY
¢ DIMENSION USED AS A PREDICTOR, 3Y ASSUMING THE DIMENSION IS

¢ NORMALLY DISTRIBUTED, THE PARAPETERS ARE THE FCLLOWING:

¢ ISUA~=SPECIFIES SUBJECT TYPE, AND THUS WHICH POSITICN OF THE

4 MEAN AND STANDARD ARRAYS TO USE.
€
¢
¢
o

IDIM~=THE DIMENSION A PERCENTILE POINT [S TC 2g COMPUTED FCR
PRED=~RETURNS THE CCPPUTED PERCENTILE POINY
NOTE: THIS RCUTINE REQUIRES USE OF IMSL P0UTINE MONRIS

OO ONDOOO
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SUBROUTINE PTILE (ISUB,IOIM,PAED)

COMMON /NAMES/ SUBTYP(A),SEGLAB(15),JNTLABC(IA),PLTSYH(29),
5 DIMNM(=1:31),TITLE,UNLITS(3,=1:1)

REAL MEAN(C:1,2:3), STOEV(Q:1,2:3)

CHARACTER SUBTYP*2Q,SEGLAINI,IJNTLAB®Z,PLTSYPFeI,DINNNe24
CHARACTER TITLE«S0,UNITSS

OATA MEAN,STOEV/127.24+63.82,173454069.82,16.5702.36,21.6202.44/

W WRITE (5.111) OImNmMCIOIM)
READ (7,99) PCENT
IF € (PCENT=1.)«(PCENT=100.) .GE. 0.) 350TO0 1C
WRITE (9,222) OIMNMCIDIM),PCENT
PCENT = PCENT/100.

CALL NOTRI (PCENT,X,D,1ER)
PRED = MEAN(IDIM,ISUB) + XeSTOESV(IDIM,ISUB)

RETURN
939 FORMAT (F40.0)
111 FORNAT (' ENTER ODESIRED PEARCENTILE FOR ',A/

& * (A REAL VALUE BETWEEN 0. AND 1002.)*)

222 FORMAT (A40Q,615.4,'X-TILE")

€NO
C*=SUSROUTINE NOTRL SeSescssesssssccesececcess
4 NDTRI COMPUTES x (THE QUTPUT ARGUMENT SUCH THAT PsYSTHE
C PROIABILITY THAT U, THE RANDOM VARIAQLE, IS LZSS THAN OR EQUAL
¢ TO Xed»s» D (THE OUTPUT DOENSITY,F(X).), AND L[ER (THE CUTPUT
¢
¢

ERROR COOE.) USING P (THE INPUT PROSABILITY.).

(o NNl Nalag

SUBROUTINE NOTRI(P,X,0D,IE)

1€30
X®,99999€+74
dax

1F(P)1,4,2
1gs~1

GO TO 12

IF (P=1.0)7,5,1
Xn=,999999€+74
720.0

G0 TO 12

wern -

~N N

O=mp

1F(D=0.5)9,9.8

3 D81.9=D

9? T23AL3G(1.0/¢0*D))
TESQRT(T2)
XaT=(2.515517+0,802353+740,0103280T72)/(1,0¢1.43279827+0,189269+72

%2 +0.001308eTe72)

IF(P-0.%)10,10,11

12 Xs=X

11 080, 39894232EXP(=x*X/2.0)

12 AETURN

END

c--su’nouttqe cONTAc-----------o------a--------------‘-o—-----------------—----c

3 CONTAC COMPUTES JOINT LOCATIONS AND CONTACT ELLIPSOID SEMIAXES. 4

(evovarncccsasvscsvaves -- - - - - cos - 4

SUBROUTINE CONTAC
COMMON /FLOAT/ P1,212,P14
COMMON /SGMNTS/ ANCIS) aNCIS),CNCIS)LRENCIS)PHI(3,15),XYICG(15,3)
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[a N a)

(g a)

10

26

COMMON /JNTS/ RNJ(3,28)
COMMON /DIMS/ DD(=1:31)

THE CENTERS OF GRAVITY AND JOINT X,Y COCROINATES ARE ALL SET TO ZERC.
50 10 J=1,3
00 10 31,15
XYZCG(2,9)30.0
00 20 J=1,2
00 27 I=1,22
RNJCJ, 202000

NON~ZERQ XoY JOINT COORDINATES ARE COMPUTED.
RNJ(1,21)s00(29)+0Q,5

RNJ(1,24)3RNJ(1,21)
RNJ(2,5)30.5«(D0(16)=DD(24)/P1)
RNJ(2,8)3=aNJ(2,5)
ANJ(2,11)20,5+(00(10)=DD(19)/P1)
ANJ(2,13)3=RNJ(2,11)

SMY 13 CNE HALF THE WEIGKT QF THE AQOOQMEN SSGMENT,
OLAP 1S USED AS AN JVERLAP AMOUNT JIETWEEN CERTAIN CONTACT ELLIPSOICS.
SMW 8 (D0(2) = 0D(4))/10.
OLAP = DD(¥) /P

T CCORDINATES OF JOINTS ARE COMPUTED RELATIVE TQ SEGMENT JNT(J).,
WwHERE J IS THE SECOND SUASCRIPT QF RNJ

RNJ(3,1) = (00(C1) = DO(S) = DOC4) + SMW)/2.

RNJ(3,2) = =SMy

RNJ(3,3) = =9, 854W/2.

RNJ(3,4) = (DOC8) * 00(2) = DD(1) ¢ OLAP/2.)/2.
RNJ(3,5) = (DDC(4) ~ SMw = DD(1) ¢ OD(5) =~ DD(2&)/PI)/2.
INJ(3,£)30,.5«(DD(1)=00(S)=DD(23)+00(24)/P1)
ANJ(3,7)30.52(00(23)=00(29)=00(23)/P12)

RNJ(3,8) = ANJ(3,S)

ARNJ(3,7)3RNJ(3,6)

ANJC(3,10)=RNJ(3, T

RNJ(3,11)3=00(2)+C0(3)+00D(19)/P12
ARNJ(3,12)30,.5«(DDC17)=-DD(20)/PI)

RNJ(3,13)=RNJI(3,11)

AINJ(3,14)8RNI(3,12)

7 COORDINATES OF JOINTS ARE COMPUTED RELATIVE TQ SEGMENT J=13,
JMERE J IS THME SECONO SUBSCRIPT QOF RNJ

RNJ(3,15) = SMu

ANJ(3,16) = =RNJ(3,Y)

RNJ(3,17) & (DDC1) = 5D(3) =~ 00(2) = OLAP/2.)/2.
PNJ(3,13) = DD(8) /2. * JLAR/SG,
RNJC(3,19)80,852(=0D(1)*DD(3)*DD(23)=DD(26)/P1)

RRJ(3,20) s (DD(29) = DODC23) -~ DOD(28) /P12 + 0D(28)/P1)/2.
RNJ(3,21) = DD(29)/P12 = DO(31)/2.

RNJ(3,22)3RNJI(3,19)

ANJ(3,23)8RNI(3.,20)

RNJ(3,24)3RNJ(3,21)

RNJ(3,25)30.5¢00(19)/P1=D0DC17))
ANJ(3,28)3G,5(DD(20)/PL=D0(18))

RNJ(3,27)9RNJI(3,2%)

ANJ(3,28)=RANJ(3,26)

SEGMENT CONTACT ELLIPSOID X SEMIAXES ARE CCMPUTED.
ANCS5)=00(6) 0.5

ANCL)=0D(9)/PI2

AN(3)=D0(11) 0,5

ANC2)200(13)«0.5
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AN(1)300(15)0,5
ANCS)S(DDC24)90D(25))/P14
AN(7)=0D(27)/PL2
AN(B)=aDD(29)+0,5
AN(9)=AN(S)
ANC10)2ANCT)
ANCI11)3AN(S)
AN(12)2DD(19)/P12
ANC13)2D2(21)/P122
ANC14)2ANCT12)
ANC1S)=AN(13)

[ SEGMENT CONTACT ELLIPSOIO Y SENIAXES ARE COMPUTED.
IN(5)=D0(7) 0.5
oN(L)SAN(A)
aN(3)=0D(12)#0,5
IN(2)=30(14)¢0.5
SN(1)=0D(16)+0.$
AN(6)=ANLS)
AK(7ISAN(T)
IN(2)=DO(3C)»0.5
SN(9)2AN(9)
INCI0)=AN(10)
3N(11)8aN(3)
IN(12)sAN(12)
IN(13)=ANCTY)
BN(14)8ANCT4)
BNC(15)8AN(1S)

C SEGMENT CONTACT ELLIPSOID I SEMIAXES ARE CCMPUTED.
CN(S) (oD(8) * OQLAP/2.)/2.
CNC&) (DD (1) = DO(B) = DD(2) ¢ OLAP/2.)/2,
CNCY) J.e5Mw/2,
CNCR) SiW * OLAP/2,
CNC1) = (00(6)+DD(3)=DD(1) = SMY)*Q,S§
CNCEY=(D0(1)=00(5)=DD(23)+0DL24)/PLI40D(26)/21)20,5
CNC(?7)=(DD(23)=00(29)¢00(28)/P12)#0.5
CN(3)=00(31) 0.5
CN(9)aCN(6)
CNCT10)=ENCT)
EN(T1)=CN(B)
CN(12)30D(17)0,S
CN(13)300(18)+0.5
CNC(14)=CN(12)
CN(15)aCN(13)

¢ THE GLCBAL LOCATION OF SEGMENT CENTERS IS PLACED IN XYZCG FOR
¢ SEGPENTS THAT WILL USE ELLIP IN COMPUTATION CFf MASS AND
¢ MOMENTS OF INERTIA.

XYICGC1,3) = (DOCAY = SMW + DOC1) = DD(S))/2.

XYIC6(2,3) s 0D(4)

XYICG(3,3) = DD(2) =~ 9,e5Mu/2,

XY2€6(3,3) = D0C29) - DO(31)/2. ¢ DD(28)/P12

XY1CGC11,3) = XYI1CG(3,3)

RETURN

END
2==SUBROUTINE SEGYAS~=mecccccaccmcccccsscscncmccacnemccccacmacescmesmosomsoeaesa(
¢ SEGMAS CCMPUTES APPROXINATE SEGMENT MASSES. WTCOR IS TWEN CCMPUTED ¢
¢ TO ADJUST 300Y DENSITY, DENS, $O THAT TOTAL BODY MASS AGREES c
¢ JITH DO(0). SEGMENT MASSES ARE THEN RECCMPUTED USING WwTCOR. ¢
C. - onoe ¥ D - P WD W D P D > D D AT D DD DD D AP D WD W -
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' SUBROUTINE SEGMAS .
EXTERNAL TIRSQ, FEST :
COMMON /FLOAT/ PI,PI2,PLA,DENS,GRAV "ot
COMMNON /7CYL/ JEES(C:15),INC15),NSEGL15),CG2(15),WTCLCR KN
COMMON /JINTS/ RNJ(3,2%) .
CONMMON /SGMNTS/ ABCN(15,3),AMNCIS), PHICAS)»XYCG(3IN),L2CG(C1S) N
CONMMON /DIMS/ DO(=1:37) S
REAL ANC1S),BN{15),CNC1IS)
EQUIVALENCE CAN,ABCN) (BN ABCN(1,2)),(CNAARCNCT,3))

SumMnM=0.0
¢ POSITIONS O THRU 3 OF IEES DEFINE THE VERTICAL LIMITS QF TCRSO
¢ SEGPENTS, 10 THRU 11 DEFINE THE LIMITS OF THE FEET.

I SMW 3 (DD(2) - DD(4))I/T1C.

LEES(0) = DOCI) - DD(SH

LEESC1) & DD(A) = M4 ..

1EES(2) = DD(4) + sSMW 3

LEES(3) = 00(2) :

ZEESC11) = D0(29) + 0D(28)/PI2

JEES(10) = TEES(11) - o0C0(C21)

00 5 1 = 1,3 s
CALL ELLIP (I,TORSO,RMN(I)) .
1C3C3) = CG2(1) - TCG(I) -

5 SUNMM = SUMM ¢ RMN(I)

CALL EZLLIP (17-.FEET,RMNC11))

SUMM = SUMM ¢ 2,=AMN(11)

AMN(3) 3 RMN(11)

2€5C11) = CG2(C11) ~ ICa(1)

1¢6(3) = 1€6<¢11)

PO 7 1 = 1,3

7 RNJ(3-1) = RNJ(3,1) ¢ 2CG(DD .

ANJC3,1%) = ZCG(2) + RNJ(3.1%5) -

RNJ(3,16) = ZCG(3) ¢ ANJ(3,18)

RNJ(3,5) = 2CG(1) + RNJ(3,.9%)

RNJ(2,3) 3 ICG(1) + RANJ(3,8)

ANJ(3,11) = RNJ(3,11) ¢ ICG(3)

ARNJ(3,13) = ANJ(3,13) ¢ LCG(D)

RNJ(3,21) = ANJ(3,21) ¢ ICG(8)

RNJC(3,24) 3 ANJ(3,24) ¢ 2CGC11)

00 10 2 = 4,7

RUNCI) 8 4,0/3.0¢PTANCI) *BN(I) e N(T)*DENS B

SUMM s SUMM*RMN(I) “

IF (1.57.5) THEN -
SUMM s SUMM ¢ RMN(ID) T
RMUNCI+3) = RPAN(D) ~

ENOLF -

10 CONTINUE d

20 15 I = 12,13

AMNCI) 3 4.C/3.00PT@AN(I)®BNCI)«CN(TI)*0ENS

SUMM 3 SUMMe2, #RMN(])

19 RMAN(CI+2) s IMN(I)

P A

[a X alal

THE POLLOWING ADJUSTS SEGMENT MASSES TC TOTAL 200Y WEIGHT E

“TCOR 3 0DC0)/SUMM/GRAV
50 20 131,15
IMNCIISAMN(I) #0TCOP

20 CONTINUE |
RETURN -
END .

C-—SUEROUTINE SGINER "o oncmremnssmvcvrcsss s e e e T R s e r e ccar e s ee S cnrcccsaa= C

c SGINER COMPUTES SEGMENT MOMENTS QF INERTIA. s T
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SU3ROUTINE SGINER

EXTSRNAL TORSJ, FEET

COMMIN /JFLOAT/ P1,212,P14

CONMON /SGMNTS/ ANCIS),ONCIS)IAINCIS5)»AMNCIS),PHI(3,15)

0§ Is1,3

S CALL ELLPMI (1,TORSQO,PHI(1,1))
0O 10 !=4,7
TEMPSRNN(I)/S5.0
A2=AN(I) =AN(I)
8223N(1)*BN(I)
C2aCN(IYeCN(I)
PHIC1,1)=TeMPe(32+C2)
PHI(2,1)STEMPe(A2+4C2)
PHI(3,1)aTEMPe(A2482)
IF (1.GT.5) THEN

207 3 = 1,3

? PHICJ,I¢3) = PHIGJ,I)

ENDIF
1C CONYINUE

20 20 312,13
TEMPSRMN(I)/S.D
A23AN(I)=ANC(])
8239N(I)*aN(])
C28CN(I)eCN(])
OMI(1,1)8TCMPe(32+C2)
PHI(2,1)BTERPe(A2¢C2)
PHIC3,I)ITEMPe(AZ+82)
00 15 J§ =2 1,3

1S PHICJ,I*2) = PHIWJ,T)

20 CONTINUE

CALL ELLPMI (11,FEET,PHI(1,11))

00 25 Js31.3
2% PHICJ,8) = PNIC(J,11)

RETUARN

END
C~=SUSROUTINE ELLIP B i e it 8
C ELLI® CCMPUTES MASS AND CENTER CF GRAVITY LOCATION CF A RIGHT [4
< SLLIPTICAL SOLID., TMHE PARAMETERS ARE: C
4 ISEG~-=SPECIFLIES SEGMENT BEING MODELLED BY RIGHT ELLIPTICAL SCLID C
4 ABEVAL-~SPECIFIES SUBOUTINE TO 3E USED TO CCMPUTE SENIAXES Jf THE C
c THE SIOLID AT SPECIFIC 2 HEIGHTS. C
C TMASS~=RETURNS THE MASS COMPUTED FOR THE SALID. c
[4 cemscces - e bbbt nintaded o

SUBROUTINE ZLLIP (ISEG,AQEVAL,TMASS)

COMMON /CYL/ ZEES(C:18),ZHCIS) N3EGL15),CGZ(15),4TCOR

COMMON /FLOAT/ PI1,PT12,PL&sENS,GRAY

REAL IXXA IXXP,IYY,LYYP,122,122P

REAL MASS

REAL MI(3)

TVASS020.0

10 = ZEES(1S5EG~1)

I1 = IEES(1S5EG)

NSEG(1SEG)=Q.0
18 NSEG(ISEGQ)BNSEG(ISEG)*1C

TCGN=0.0

TMASS=C.0

IHC(ISEG)=(21~10)/FLOAT(NSEG(ISEG))
20 100 I=1,NSEG(ISEG)
T =2 70 + (FLOAT(I=1)+,5)¢2ZH(ISEG)
CALL ABEVAL(I,A,3)



B

4 ANREL A A . .\ rEEK.

100

200

C=~SUBROUTINE TORSO-

(AN a Nl Nalel

[a N aNaNalal

*a3S2PleAnIeIH(ISEG)*OENS
CG=2
CINBCGeMASS
THASSETMASS*PASS
TCINSTCGN*CGN

TMASSNSTMASS

IF (ABS(TMASSN=TMASSO)/TMASSN.GT.5.,2=5) THEN
TMASSC = TMASSN
561010

ENDIF

CGTCISEG)ISTCOGN/TMASS

RETURN

ENTRY ELLPN!

ELLPMT CCMPUTES MOMENTS OF INEQTIA OF A RIGHT ELLIPTICAL SCLID, 3ASED
ON THE NUMERICAL INTEGHATION DETERNMINED 3Y ELLIP., THE FIRST TwWO
PARAMETERS ARE THE SAME AS THOSE USED 8Y SLLIP. THE THIRD, MI,
RETURNS THE MOMENTS OF INERTIA CF THE SOLID.

ENTRY EL PNI (ISEG,ABEVAL,ND)
20§ 1=1,3
w1(13-3.0
10 = JEES(ISEG-1)
00 200 Is{,NSEG(ISEG)
T = ZC ¢ (FLOAT(I=1)¢.5)°IH(ISEG)
CALL ABEVAL(Z,A,3)
MASSaPIeAeBaIH(ISEG)*OENS*WTCIR
IXXB(MASS/12)0 (3. 00Bae2¢IH(ISEG)*e2)
IYYS(MASS/12) e (3 CrAnea2+H(ISEGQ) )
1228(MA3S/6.0)e(Arw2¢pee?)
0IST=2I=-CGI(ISEG)
IXXPSIXX*MASS2DIST e
IYYPSIYYSMASSeDISTen2
112Pel12
MI(1)smI (1) eIXXP
MI(2)=wI(2)¢IYYP
%I(3)=mI(3)eIL2P
Ial*2ZH(ISEG)

RETURN

END

TORSO COMPUTES SEMIAXIS VALUES FOR THE RIGHT ELLIPTICAL MODEL OF The
THREE TORSO SEGMENTS., THE PARAMETERS ARE THE FCLLOWmING:
I==VERTICAL LOCATION AT WHICH THE SEMIAXES ARE TC 9& COMPUTED
X==RETURANS X SENMIAXIS
Y==RETUANS Y SEMIAXIS

SUBROUTINE TORSGC (l,X,Y)
COMMON /DIMS/ D(=1:31)
COMMON /FLOAT/ PL,PL2
REAL H2,H3, Hb, NS, HE

H2=-T2P CF SOLZO

H3==3REAK BETWEEN TOP SEMI-ELLIPSOID ANO TOP FRUSTAUM
We~~BREAK SETWEEN Tl FIUSTRUN

H5==3REAK SETWEEN 30TTOM FRUSTUM AND SOTTCM SEMI-ELLIPSOLD
né-=90TTOM CF SOLID

H2=0(2)
n3ap(})
A&3)(6)
n52(d(1)=D(S))*0(24)/P12
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H62(D(1)=D(5))
IF (L LT.H&)THEN
IF (L LT.HAS)THEN
IF (Z.LT.A6)STOP *T IS LESS THAN MIN.'
Y= SQRT(1. = ((2Z = HS)/D(24)/PI2)ee2)
X 8 0(15)/2,eY
Y ® DL16)/2.mY
ELSE
YR(2I-0(4))/ (HS5=0(4))
X 3 (Y*(D(15)=D(133) <+0(13))/s2.
- Y 3 (Ye(D(16)=DC14)) *p(14))D/2,
T ) ENO IF
ELSE
IF(Z.LT.H3)THEN
Ys(Z=0(3))/7¢D(46)=D(3))
Xs (Ya(D(13)~-0(11))+0(11))/2.
Ys (ve(0(146)=D(12))+0C¢12))/2.
ELSE
IF (2.GT.H2) STOP *Z IS SREATER THAN MAX.®
YBSQRT(1. = ( (2 = 0(3))/7C0(2) = 0(3)) )we2)
Xa YeD(11)/2,
Ys vep(12)/72.
END IF
END IF
END

--SUBROUTINS FEEY - - AL AL TR A S LR R LI IS DL P L LA

-
¢ FEEY CCMPUTES SEMIAXIS VALUES FOR THE RIGHT ELLIPTICAL MODEL OF THE
c FEET. THE PARARNETERS ARE THE FOLLOWING:

¢ I==1 LOCATION (TOE TO HEEL) AT WHICH SENIAXES ARE TO 3€ COMPUTED
¢ Y==RETURNS X SEFIAXIS

C Y==3ETURNS Y SEMIAXIS

[a NNl alalal

SUBRCUTINE FEET (Z,X,Y)

COPMON /CYL/ TEES(Q0:15),ZH(15)/,NSEG(I5),C52(15),wTCOR
SOM®ON /DIMS/ 00(=1:31)

COMMON /FLOAT/ PL,PI2

H2-=TQP QF SOLID
H1-=9REAK JETWEEN ELLIPTICAL CYLINDER AND FRUSTRUM
HO=-=90TTCM OF SOLID

[a X alKal

ANKR 3 DD(23%)/PI2
H2 s D0(29) + ANKR
1 = D0(29) -~ ANKR
H) s W2 = 00(31)

IF (Z.GTH1) THMEN
IF (2.G6T.H2) STOP 'l VALUE TOO LARGE IN FEFT'
X 3 ANKR
Y = ANKR
ELSE
IF (Z.LT.HO) STOP "2 VALUE TOO SMALL IN FEET®
X 5 ANKR/(DD(31) = 2.€ANKR)®*(Z = DD(29) ¢ 0D(31) = ANKR)
Y = (ANKR = 00(30)/72.)/(DD(31) = 2,#ANKR)
vy a3 Yo(Z = D0(29) + ANKR) 4 ANKR
ENDIF

RETURN
END

Co-sug RQUT IN E RE SULT S-------------—------------c----------——-—----------c------f

¢ RESULIS WRITIS QUT THE COMPUTED S900Y OESCRIPTION DATA. <

c---------------------------d--—------—------------------—----—-------------u-. c
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33
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SUBROUTINE ReESULTS (ISTRT)

COMMON /SIMNTS/ A(1S),8C15),CC15),A»N(15),PHTI(3,15),
K XCGC1S5)ofCGLISYLICG(T5)

COMMON /JINTS/ RNJIC(3, 16, 2)2INTC14) YPRLLCT1G, 6D, IPINCIL)

COMMON /DIMS/ 20(=1:31)

COMMON /NAMES/ SUBTYP(4L),SEGLAB(IS) ,INTLAS(T4),PLTSYM(29),
L) DIMLABC=1:31),TITLE,UNITS(3,=1:2)

COMMON /7CYL/ ZEESCO:1S5)»ZMCI5)/NSEGCI5),CG2(1S),WTCCR
CHARACTER SUBTYP®20,SEGLABRI,JNTLABR2, PLTSYN®1,0IMLAB®24, TITLE60
CHARACTER ANS®1,UNITS®6,LABLTI(2) 24, LABL2C2)»12,LABLI(2) 2,
LABLA(R2) %4 ,VARB®S

DATA LABLI,LABL2,LABLI/LABLA l'iEIGHY' NASS','L3=SECew2=IN',
3 TKGEME e, INTY L IENMY L LBS. ', KGe '/ VARB/TOUTRPUT/

DATA I9ET,/27100000C/., IAiZ‘OOOOCOOI

4RITE (9,11)

CALL ASKUN (VARB,UNITS(1,2),1UN,2)

CALL CNVRT (IUN)

IF (ISTRT.LY.D) WRITE (9,22) ~1,0IMLAB(=1),00(~=1),UNITS(1,-1)
WRITE (9,22) 0,DINLAB(O),DDCOY,UNITSC(TIUN,Q)

WRITE (9,22) (I,DIMLAB(I),DO0(I),UNITS(TIUN/T1),121,31)

WRITE (9,68) WTCOR

WRITE (9,44) "1'//TITLE

WRITE(9,117C) LABLTCIUN) /LABL2CTIUN) »LABLIC(IUN),LABLICIUN),

L] LABLAC(TIUN)

WRITE(9,1130) (I,SEGLABLIIPLTSYMII),APNCI),(PHICI,T) 021,2),
i ACI)»3C1),C(1),XCOCI)PYEG(T)L2CG(T) I2Y,15)
WRITECS,119C) LABLIC(IUN),LABLI(IUN)

dRITEC9,12C0) (I, JINTLABCI),PLTSYN(I¢15),INT(2),IPINC]),
3 CORNJCI/1,K)rd®1,3),K31,2), CYPRLLI(TLIDIAIZ1,6),121,14)

WRITE (5,33)
READ (7,44) ANS
If (ANS.EQ.'Y') THEN
WRITE (3,77) TITLE(1:52)
WRITE(3,1300) (SEGLABCII,PLTISYM(I),RMN(L), (PNICI,1)rd=1,3),
% ACL),BCI)/CLT)/XCGLT),YCG(LIYPZCGCT)  TA®I~T3ET,[81,15)

WRITE(3,1320) (INTLABCI),PLTSYM(I®1S)I,INT(I),IPINCI),
14 (CANJCJrlrK)rd®1,3),K31,2),TA¢1e1BET,
3 (YPRLLCI,J),JI%1,6),131,14)
ELSE
IF (ANS.NE.'N') 46070 10
ENDIF

WRITE (5.5%5)

READ (7,44) ANS

IF (ANS.EQ.°N') STOP 'FROM RESULTS'
1F (ANS.NE.'Y') GOTO 290

RETURN

FORMAT ('=CCMPUTED BODY DIMENSIONS'/)

FORYAT (I110,A30,815.4,46)

FORMAT (' IS ATB MODEL FORMATTED OUTPUT DESIRED (Y/N) 7°')

FORMAT (A)

FORMAT (' IS5 IT DESIRED TO PROOLCE ANOTHER BODY DESCRIPTION ‘',
] 'DATA SET (Y/N) ?%)

FCRMAT ('CwEIGHT CORRECTION FACTOR =',£10.3)

FORMAT (oX,'13°,4X,"14',8X,A52,°CARD 3.1*)

1170 FORMAT( THO,"CRASH VICTIM PARAMETERS (3=D)"/1HO,33X.,

1 2SHSEGMENT MOMENT OF INERTIA,
2 19X, 25HSTGPENT CONTACT ZLLIPSOID/SX, 7THSSGVENT,VX,A6
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[ 321SX, 0 oA12- )Y L1 7X,10HSEMIAXNIS (LA2,°) /14X, "CENTER (',
heA2,") ' /3X,12HNO. SYM PLATIEX, (A4, ) 10X, THX /10X, THY, 10X,
STHZL2 12X/ IHX 26X s THY 26X s THZ 212X THX 27X s TMY 26X, THLI/ 1A )

T18C FORMAT ((3Xs12,2XrAbrA2/,6KrF8alelIXoICeXsFTa5)rSXs3C2XsFS22)05X03
1(3X,F%.2)))

1190 FORMAT(IHO,/7/7/73XsSHIOINT, 16X, LOCATIONC " »A2,%) = SEG(JNT)',5X,

1 ‘LOCATIONC',A2,"') = SEGCJI*1)',2X/,'PRIN, AXIS(DEG) =~ SEG(JNTI',
2 ' PRIN. AXIS(DEG) = SEG(J*1)'/2X,'J SYM PLOT JNT PIN',
3 X e €I X X B Y B, T s 8X) s YAN S XL VPITCN SN, ROLL EX) /)

1200 FORMAT ((I3,A4,A3,2X,223,64(3F9.2,1X)))

1300 FORMATC(AL,A2,F643,3F6.40s6F6.3+6X,CARD Ba24"rAY)

1320 FORMATCAL,IX/AT1,20406F6,2,22X0 CARD 3.3.'/A1/14X,6F6.2)

END
C“SUS’OUTINE CNVRT - -----—------...QQOQQQC
¢ CNVRT CONVERTS ALL OUTPUT DATA TO THE UNITS SELECTED BY THE USER ¢

c-.— LYy ame - o ceoccccsenaneces=(

SUBROUTINE CNVRT (IUN)

COMMON /S5GPNTS/ ABCCIS,3),RPNCIS)I,PHI(3,15),XY2CGC15,3)
COMMON /JNTS/ RNJ(3,2%)

COMMON /DIMS/ 0D(=1:31)

REAL CONV(2,.3)

DATA CONV /14,2456+32.174605,14.5939,12.,105.4034/

00 100 I = 1,18
DO 1C 4 = 1,3
ABC(I,J) = ABC(TI,J)*CONV(TIUN,T)
AVICGCI 3) & XYZCG(I,J)eCONV(IUNST)
1 PHICJ 1) = PHICJ,TI/CONV(IUN,D)
100 RMNCI) = RMN(CI)®CONV(IUN,2)

00 200 T = 1,28
00 200 & = 1,3
200 ANJ(J,1) = RNJCI,TI)CONVCIUN,1)

If (IUN.GY.1) THEN
DD(C) = OD(O)/CONV(1,2)eCONV(2,2)
50 3CO I=1,31
509 00(I) = DO(I)eCONV(Z2,1)
ENDIF

RETURN
END
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