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Presented is th. application of two and three dimensional graphic display modelsof a lumen body in studying the motion of a human being as a result of externalinfluences. Included are an occupant during a vehicle crash and a parachutist duringthe opening of his chute.

Key words: Graph ic display of human body motion ; parachuti st, vehicle occupant crashsimulation

1. introduction

In simulating the motion of the human body display of these simulation results in a realisticpr imarily as a result of external influence s , such human form on an inexpensiv, storage typ . graphicas that occurring during a vehicl, crash , th . body computer terminal and the generation of motionis normally repres ented as a collection of rigid pictures th erefrom.
members (segments) connected by appropriate ball
or pin joints. The positions of these segments , we have previously reported the developeentand thus of the entire body , is calculated as a of a general two dimensional h uman display model
function of time based on the dynamics of the (11 and its application to occupant crash simula-
assemblage taking into account their mass and tion through the programs SIMULA 121 and PRONE-
moment of inertia, joint properties, stc. The THEUS 13). ~~re recently a th ree dimensionalresults of the simulation include, among other model was developed 141 and improved 15). In theinformation , the position and orientation of each two dimensional model the side view of the human
segment of the body at discrete increments of ties. form was represented, tier, the most dif f icul t
If these ar, output in numerical for., littl, task was to develop realistic j oints which could
informa t ion is gained concerning the mot ion of the be used for any, relative position between adjacent
body . Som. fo rm of graphical display gr eatly en- body segments. This was accomplished through al,ances the understanding of this otion. Th. combination of circular arcs and straight line
research presented in this paper deals with the representations . The r•sult is a realistic looking

human body in any position as shown in figures 1
and 2. In the thr e, dimensiona l display model, an
additional difficulty was to represent each of the
body se.~msnts in a realistic form . This was accom-
plished using non-unifo rm ellipti c cylinders.

Pematwiosi to copy wftt.o..i lot .5 or part of (Itt. rn.tsflaI is psn,~d praridad These are cylinders whose two ends are ellipses of
IMt IS. copist us sot m.d. ot dj stflbqn.d lot th,sct co.nms,ciaJ advsnta~s. diffe rent siz. and shape . The surface of the
Ga ACM cepyfl~~t aefle, atd tI. liii. of II. pvWIcatloo and ti dais aPpyir. cylinders is expresa .d mathematically as;s.d node. fi jme iS.; copyP, It by psm.lfloe of lb. Asotetatlo. lot
pvllap MscSItw,y. I.... To copy oths,wls . or I. wps.bIMIt, raspS.. a 1.. audIo.

X — (l—s) (A~cos t1 + C1) + s(A2 coo t
2 + C2

) (1)
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Y — ( 1—a ) D i sin t 1 + a B~ sin t
2 

t2) joints similar to those for the two dimensiona l
odel. A sample result is shown in figure 3.

f Z — ( 1—a ) L1 
+ 5 (3)

in terms of the parametric coordinates s, t1 and t2.
The quantities A1, A2, Bj .  82, C1, C2 . I.j and 1.3 are
constants In order that these equations define a
surface the following relationship must hold between
t1 and

A 2 8~ 
tan t2 — A1 82 tan t1 (4 )

By adjusting the quantities A l through 1.3, the sur-
face of each of the body segments can be represented
fairly accurately. Further details concerning this

Figure 3; Typical Three Dimensional Display

rntL’~HiELo 
2. Applications

Two versions of the three dimensional display
pr ogram have been written. One display s the
results of the Caispan occupant crash simulation
program (61 . Here the body is represented as;,r TFlr ~UT
fifteen rigid segments:

three torso segments
neck
head
two upper arms
two lower ares
two upper legs
two lower legs
two feet

Figure 1: Two D~.mensioflal Display The size of the body, and thus of each segment , is
based on a 50th percentile individual. The stan-
dard output from the Calspan program is used as the

cu4Iao Y, Z position of the center of each segment and its\ input to the display program. Thi. includes the X,

three orientation angles measured relative to the
vehicle. If a, 8, and y axe the three angles , and
defining:

ç

~~~

TP.Nfl,
Ptd(1

Cl — cos (a) 81 — sin (cc )C2 — cos (8) 82 — sin (8) (5)
C3 — cos (y) $3 — sin (y)

then the direction cosine matrix giving the orienta-
tion of each sa~~ent is;

r C2 C3 Si 52 C3+Cl 83 -Cl 82 C3+Sl $31
D — —C2 83 -11 82 83+cl C3 Cl 82 83+51 

C3j 
(6)

Figure 2; Two Dimensiona l Display 
~, 

$2 -81 C2 Cl C2

r.pres.ntation can be found in references 141 and The other version of the three dimensional
(5) .  Th, display program for the thr ee dimensio na l display program plots the results of the 0 d M
model was written so thst the us.r could rotate the (University of Cincinnati) simulation progr (7 ,
body and look at it from any orientation. The SI. In this ver. ion , the body is divided into only
actua l display involves the outline (or shadow 13 se~~~nts (as was standa rd with the original 0 d M
lines) of each body segment as well as realis tic program , slthoi4t the current version can handle
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any number of Segments). Here the neck and heed
are combined into one segment , and the feet are
ettached to the lower legs to for. a single segment.
Also in the standard version of the UCIN program
the angular position of the segments are defined
differently from the Calapan model. As a result
the direction cosine matrix is the transpose of
the one required for the Caispan version, i.e.
eq (6). Also , the angles produced by the UCIN
program are relative to the position of the adja-
cent segment of the body. Thus, in order to obtain
the absolute direction cosine matrix for a particu-
lar segment, the relative direction cosine matrix Figure 5: 30 MPH Head-On Collisionfor that segment (calculated as the transpose of
eq (6) 1 must be multiplied by the absolute matrix
for the j revious segment. Since everything is
based on the position of the lower torso segment ,
then the absolute direction cosine matr ix of the
center torso segment is:

D
OT 

- DOT DLT

where DOT and D1.7 are the absolute direction cosine
matrices for the center and lower torso segments
respectively end is the relative direction Figure 6: 30 MPH Head—On Collision
cosine mat r ix  for the center torso. Similarly for
the lower arm (for example) :

DLA DUA D~~ 0CT DLT (8) 

~~~~~ 
(
~(I~

)
where the subscripts are LA - lower arm , UI - upper
arm and UT - upper torso.

An additional difference between the normal
Calepan and UCIN output is that the unrotated

Figure 7: 30 MPH Head—On Collisionposition (zero rotation angles) of the body in the
Caispan program in a standing human with arms at
th. side. In the UCIN crash program the unrotated
position is a seated individual with upper arms
horizontal and lower arms pointing up. This
results in some additional changes to the OdIN
direction cosine matrices to make the. compatible
with the Caispan version.

Both the Caispan and UCIN display programs
have been used to display various crash sequences ,
from which movies have been generated by photo—
qr apl~ing the terminal scree n. Figures 4 through 8
show a 30 mph head-on collision into a wall take n Figure 8 ; 30 MPH Head-On Collisionfrom the UCIN program .

The UCIN program can also be used to simulate
other types of human motion . Recently a simula-
tion was done of a parachutist 19) during the short
interval of time ( 400 milliseconds ) that his chute
is opening. In order to display th. results of
this simulation , some minor modifications were
required in the UCIN display pr ogra m. In this
case , the unrotated position is a standing body
similar to Ca lspan s proq,am . Also , a separate
neck segment was used . Figures 9 through 12 show
th . res ulting motion , where a parachute has been
included to add realism and a clock to give a
better indication of t ime in the resulti ng movie.

Figure 4: 30 MPH Head-On Collision Another version of the 0 d M  program called

717



~~gure 9: Parachutist

me see

~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘l’4 (“ ILW CCI neck display program was written. Figures 13
through 16 :how a typical deceleration simulation

¶~~~~~~~~ LIflC)

Figure 10: parachuti st

_ _  •
1~ 

,— -.%
/ \ ,~/ 

me es /‘

~~~~~~~~~~~~~~~~~ 

Figure 13: Head-Neck Simulation
‘i.e .e~~s~;~gc,

~ ( I)  see

ni’s .n;~tt$ec,

Figure iii Par achutist -

UCXM-NZCR (101 was developed to better simulate the
motion of th. heed and neck on an assumed rigid
torso. Here the heed and seven vertebrae in the
neck were approximated by rigid segments , Figure 14: Head-Neck Simulation

connected in iuch a way as to allow relative dii-
placement as veil as rotation between the segments.

718



• 2. Glancy, 3. j . and Larsen , S. B., Users Guide
for Program SIMULA , Dynamic Science Inc.,

__ Phoenix , Arizona (1972).

c
~ 

/ 
3. Twigg, 13. W. and Karnes , R . N. , PROMETHEUS Ais. User-Oriented Program for Human Crash Dynamics,”‘I’S IflI L L IS I C I  Report No. BCS 40038, Boeing Computer Services,

Inc., Seattle, Washington (November 1974).

~~~~~~ 4. Potter, T. B. and Wilimert K. D., “Three-
Dimensional H uman Display Model ,” Proceedings
of the Second Annual Conference on Computer
Graphics and Interactive Techniques, Bowling
Green State University ,  102 (1975).

5. Willmert, K. D. and Potter , T. E . , “An Improved
Human Display Model for Occupant Crash Simula-
tion Programs ,” 3. of Computers and Graphics,
2, 51 (1977).Figure 15: Head-Neck Simulation —

6. Fleck, .1. T., Butler , P. B., and Vogel , S. 1..,
“An Improved Three Dimensional Computer Simula-
tion of Motor Vehicle Crash Victims ,” Report
No. ZQ—5l 8O-L— i, Calapan Corporation, Buffalo,

me — ~.. New York (July 1974).

5.. 7. HustOn, B. L., Hessel , P. E. and Winget, 3. N.,
u s .  nILL:s r c)  “Dynamics of a Crash Victim — A Finite Segment

x Model , ” AIAA Journal , 14, No. 2, 173 (1976).

8. Huaton , R. L., Passerello, C. E., Harlow, H. W.
and Winget, .1. N., “The UCIN Three Dimensional

~~~~~ Aircraft Occupant Multisegment Model,” Aircraft
Crashworthiness, x. Saczalgki, et. al. editors,
University Press of Virginia, 311 (1975).

9. Huston , B. 1.., Winget, 3. K. and Harlow , N . W . ,
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Using a graphic computer termina l and the two
and th r ee dimensional human display models devel-
oped in this work , much additional information can
be gained concerning the motion of the human body
stibjected to external influences. Adding the
gra~~tic output and motion picture generation
capabilities greatly •nhances any human motion
simulation prog r am . The resulting displays can
be very usef ul to desi gner of vehicle cabins ,
parachutes, restraint systems , or any physical
components with which the body interacts.
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