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/uuong th c .  input  data required on each segment

A class of r i g id component , chaif led Syst em — iner t ia  propert ies  (mass , center  of mass ,
tuodcls I i . ’t ; been d~~,e ln~ ed to pred ic t  r e l a t i v e  limb p r i n c i pa l  moments , p r i n c i p a l  axes ori ento—
and who le  body n o t i on  of humans d u r i n g  V ( h i C J e  t ion)
crashe s and a i r c ra f t  cj e  i on  s i tu a t i on s . ~1embcrs — el l ipsoid dir .t cnsicen s, s~ es or igin  w i t h  re—
of th i s  class inelud~ the  3—0 Crash ~‘i e U m  Sian— sp ort  to the cen tCr  of mass , and axcs
la tor  and the A r l i c u l a L e d  Total Ec .d y Mode l . Both or lent.at ion wi th  respect to the p r i n cip a l
have situ I - i  r in p u t  da to r oqu l  rc ucc•nt  a , in clud ing  axes
ind ividua l  aegmdnt in er t i a l  p r e c p c r L i . . -~. , j~~in i  ~~~~ — jo in t  locat ions w i t h  respect  to the ce nt e r
cations and t h e i r  b ion chan ice)  c h a rac t e r I st i c s , of mass , and j o in t  axes o r i e n t a t i o n  (Each
S1)d con ta c t  s u r f a c e  d c l i  n i t  io n s.  C u r rc r . t l  y~ t he  jo in t  luas two ac ts  of axes , one f o r  each
only body class for  w h i c h  a s i t~n i f i c a nt  amount of segrnent associa ted  w i t h  the j o i n t .  These
such da ta  e~.i s t  i~ t he  a du l t  ceule. ln t h i s  paper axes are used to d e f i n e  torques  at  the
s t a t c - o f — t h e — a r t  t e chn i ques are presented for ~~gen— j o in t . )
er a t in g  ATh ~4odcI in p u t  d a t a  S P I S  fo r  two u t l ee r  — various j o i n t  s t il lne s s  and f r i c t i o n  con—
body classe- ., the  t h r e e —  and si~: —y c a r — o l d  child , 8 tan t r
frost  a n t h to pu i r .o t r i c  da t a .  The ant hr op o setr i c  da ta
on t tucac  two e - l a - .a~-~. a c e  tln.;qU e h e c a u r c~ d~ uuta3. in a u d i  l ion , d a t a  must he su p p l ie d  to  def i n e
b~~Oe,~ ~~~ ~~~~~~~ the m l !  I S I or~ ent . a lj o n  ui  I cue bo dy vi  Cu espei . L l~provide var iou. s  d i c e c t  i ne r t i a  awl d~ rcesional an ex te rna l  r efer ence  co o r din a t e  sys tem.  The crc—
d a t a  f o r  to: a r i s u e l  wi th th~ cr )rr espc n d i l c g  values vironment  ( c o n t a c t  p l an t ; , r e s t r ain t  syt ; t ls:.;) r u s t
developed u si ng  the se  t e chn ique s,  also be d c f in ~ d , as well ce r e ma i n i n g  i n i t i a l  con-

di tions and t h e  axt ern a l st~~c . u t i  to be appl ied  to
the sy n t e m .

1. INTEO~)U CTlON AND S~~~~ARY The program s i nu l a  t on the dynamics  of body
motion usiug a uni que m e t h o d  t h a t  has been shown to

Pro tec t ion  of passengers  from i n j u r y  d u r i n g  be equiva lent  1-0 the Lagr : ngu method . Mot ion p i e—
vch1~~le end a i r c r a f t  crashes  and the  p r o t e c t i on  of ture f i l m s  of the dynasics can be produced t h r o u g h
a crew fr o a  i n j u r y  d u r in g  a i r c ra f t  e jec t ion  ~ i . tua — the use of p lot  packages supplied w i th  h u t  s i a u lu—
t iona  is one of the  i m p o r t an t  d c a i g n  o b j c cL i v e s  of Lion program .
veh3cle ~ ;el a i r c r a f t  des ign  engineers . ~Th increas-
ing ly  is-i n r l an t  tool in cv z c i u a t in g  the  s a f e t y  as— The U n i v e rs i t y  of Dayton  llesearch I ’u s t i t u t e
por t s  ~ f d i f i ~~rcnt  de si gns is compu t er  sof war c  

~rnM), under  il te sponsorshi p of A~- R I , ,  I n  c u r ren t l y
~im u l a t  ion. Ccc la pa n  C ot i - c r at i o n  has developed a involved in a research p Iog r z i s t o  develop i np u t
par U r n  a r I y aop !ii St I cat.~ d c lass  of I hr-sc programs.  da ta  s;et for  the ATII Model pr )gr am.  This  pape r
The cl .u- : - I nr l uulcs the  3—li (~u ; t t . I i  Vj c  l i t  S i c  u l at o r  surveys t echu iqucu ;  r e c e n t ly  developed by t h e e  (~~I R t
(CV..;) ~~~~~ , developed nader  1)01 rpon .- ;or sh ip  for o b tai n i n g  lice m c h m e n t  in er t i a , jo i  Ut l~~c ; t  ion ,
(Fleck , Ct a I I 37/ i)  , :c J t Ic - - ~ u t  i c u ) . ! t-d fo t rc l  and cont ac t  e ll ip so id  da t a  and the i n it i a l  bo dy
flo~ y (All;) ~~~~ I , deve lep ed  1 rue  the  C. ’,S h u c d e l  UI1 o ri e n t a tio n .  The wont d i r e c t  m e n s ur em e n t  I
der t h e  rpo : c ~ o r ,hJ  ~ o f t i e  .i. . \i t  l o r c e  ~‘~ero— qucs avai1~~bl~ for obtaining the segment u n t a
space N~~l ( a  I i : eacar eh  I..I,C ’t  a ;’  I L i- S  ( , \ h l , )  sped — volvo the  use of an thropu cet n c  da t a  to  d e f in e  t h e
f i c a l l y  f o r  apj l l c a t  ion  to .ce ro . j ’ a c e — t v g . c  p r n b l c r c s  d imens ion s  of geome t ric  mode ls  ap p r o x i m a t i n g  body
(Fleck and But  ie~ c , 19? ~ ) . i ’h~~~ p r e h i  isis model 5~~I f l~Cnt h~ c ) e t  t y .  The gouLd n c  s o li d s , in  ap pr o—
the bu:ireu (od I ahor a  I ory etc  I c e ) )  l : d y as a cu l t  i — ~ p r latc  co n b i  11.111 on , have been incorpor .1 t ..d in t o
sei r .n t  e t c  ned nyc ;  I e t c . ( u , ,  ( ‘n t l y  15 segme n t s  are comput er  programs t h a t  genera te  Lice rcquzJ  t e d  d a ta .
del I ned : h ead , t ’ ..k , uip~. Sr arm ( l e ft .  and r i g h t ),
lower ar c .  ( l e f t  acid r igh t ; ~u . lu dc t ;  t~ae h an d ) ,  This paper Ic orEani y,od i n to  th ree  p a r t s .
upper t u ; no (l i lac  i i  rt- 1~i e n ) ,  m i d d l e  t O t  0 (vi s— Teditciques used to  ~cnei-at c ATI) Model I np u t  ‘t ic it
cer.u) , Ie. :ev t o t  so (pt Iv it  regi u )  , uppe r leg setS f o r  3 — y e a r — o l d  nod ( i—y ea r—o ld  cl i i  id e  cc i  t ran
( l e f t  and r i g h t )  , I ~‘e. I l e g  ( l e f t  cu-i r i gh t )  , and anthropomet ri t data  ate di ucun ed in Ste lion 2 . 
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(DecO to t h e i r  v a lua t e , the ’ ~ct u a I  i n p u t  dat a  Sets pam ] id to them are el l i pse s  wi tic centers
ar t  not p ub l i sh e d  hie ’re . They r u i n  he ob ta ined  f r o m  on t h e  s— a x i s  sund ~e c e t a t a c: in  the xz— or
lice a u t h o r  or I d I l : h , . )  Some m er e ’  advanced  t e c h c n i —  . y z — p l a n t s .
ques acid progr . un - , st i l l  in Lice ’ dcve lopt ,cont a t.tge , For our purposes , t h in  shapes  of th ee r igh t  ci l i pt  I —
a c e  descr ibed  i r e  Sec t i on 3. The las t  se c t i o n  cal. so l ids  to be cons ider ed  a r t  f u r t h e r  r ent  r i ct e ddi u . t u s s e s  d i r e c t  ions f u t u i c  ci f o r ts  are l ike ly  to to those t h a t  e’~-n h e  del to ed  by s up p l y i n g  th ee  s e m i —fol  tow . ax it ;  values  of t h e  en d — p l an e s  send a sin g l e  c r u s s —

Sect I nit ~otccewice re he ’ t ween t he c u d — p h o n e s ;  • A l t  ii
I the  o ther  g e o m e t r i c  models n c n t i o n e d  havc LhuC ad—2. TECIINIfl: Fs U SED TO CF:N EP.ATE ATh MOl)EL vantage  of h a v i n g  cx i t ;t i a g  c lu e d  form e x p r e s s i on s

INP UT DATA sri’s FOil ‘tHE THR EE— AND for  t he i r  i ne rt i a  p r o p e r t i e s , they  a l e  r e l a t i ve lyslX —Yh:AR — O L I ) CHI LD poor a pp r o x i n u a t . i on s  to  the ac t u a l  body shape when
compared to the r i g h t  e l l i pt i c a l  s o l i d s  descr ibed

Th~~~~~ able An o e t n i c  Data  here. . - - ‘- .5

The development  of AID Model i nput  da ta  set A very fas t  i n t e r ac t ive  FORTRAN program ca l l—
p r e p a r a t i o n  t e c h n i q u e s  has empha s i zed  the  p r e p a r a —  ed M TS E C2 has been w r i t t e n  to c o m p u t e  the  i ne rt i a
t ion of da ta  s e ts  f o r  the l ev er age  thence ’— ansi s ix— p r o p e r t i e s  of Chi c  hienso goneous t i g h t  e l l i p t i c aly e a r— o l d — c h i l d .  ‘there  a t e  two reasons f o r  emp ha— 

~ol id  descr ibed (Leet , 1978a) . The pro gr ;u a p p r o x —
sing these body c la ~ scs . The f i r s t  reason is t h a t  Imates the solid as a stack  of e l l i p t i c a l  c y l i r d or s
these dat a  arc needed by t he  Depar tscent  of Tr; ns— of va ry ing  a e r n i ax i a  va lues , e e l - t otes t i e  i n er t i a
p o r t a r i o n  fo r  a u t o  crash a i r  bag s t u die s . The see— proper t ies  of each cy l inder , cec ’uputes thee  conIc’ ,’ ofond is t ha t  two ;u n t h r o p o r s e t r i c  s t ud i e s  have recent— mass of the solid as a whole , arid t h e n  used thely been pub l ished  t h a t  hurovide det a i l e d  ,act t hro po— paral le l  ax i s  t h eo r e m  to sh i ll  the  i n d i v i d u a l  ey l —
me t r i c , i n e r t i a l  and j o i n t  loca t ion  da t a  t h a t  can inder t s center  of n o t a t i o n  to t he  so l i d ’ s cc: ! c i ’  of
be used to eva luat e  the  da t a  act  p r e lu a r at i o n  t e c h —  mass , wicere t h e c y  are a p p r o p r i s - t  e l y  suuiune d he ;uc o—
n iques b e i n~ developed.  One of these ~ tu d i e ’s , iccs r— vide the sol id’ s moments of ir i er t i a  about i t s  Ce riformed icy Snyder , ct  ml ( 1977) at t h e  h ighway Sn f e—  Icr of mass.ty Re search I n s t it u t e  ( Ih SRI )  under  the s p o n s o r sh i p
of h i t  Conaumer P r o d u c t  S a f e t y  Commission , used t he  me Young data were tescd  t o  o b t a i n  r i t : h u t  c i—
la tes t  in a u t om a t e d  c q u i p n u e t u t  to  ob t a in  and st a t i s —  lip t ica l  solid nuod els  of a l l  t h e  body sr-gn’entc c’s’-t i c al l y  a n a l y z e  a ) :r ~~e sample of s t a n d a r d  a nr h r o —  

~~~~ ~~~ h ead .  A de tai l ed  cl c ’ c ;c r i h u t i o n  of lice s i c —pomet r i e  u , oasu r ecsen t a  fo r  i n f a n t s , chi idren , and throp oactr ic  un es c surc ’uceuts  used and the  appros i t - ca—
youths  up to age 19. The d a t a  are o r g a n i ze d  by lions and s a n i p e l a t i e n ’ :  p e r f o r m e d  on them to o b t a i n
age , are ~‘I~ t o — d a t e , a c c u r a t e  to t i cs ’  s t a t e — o f — t h e— 

1-Is” r~ q c~i rcd model d i t c e s t u s i o n s  can be foun d  i t t  Lccta r t , i~nti es p i e S- . ‘c iso o ther  ~ iu d y  was p er fo rm ed  ny ( 197°b) . kven 1 1 : - s i d ,  stucco r e d c l i a~ ng cut-- ; ’  I s . ; ;  a
Young,  ct  al (1976)  a t  t h e  Civil  A t - r c j c ’d i ca l  l i u s t i —  approx imat ions  ‘su re u’1ac e~- , except  fo r  th~ n eck ”- ,L u t e  unde r  the  ap n c ; s o r s h c i p  of the  O f f i c e  of Avi s— ties th TsF ,C2 r e s u lt s ;  were w i t h i n  sin a c cep t a b l e  3 117 of
L ion  M e d i c i n e .  In  t h i s  st u d y ,  two f u l l — s c a l e  den— th ose ine r t i a  elaL a mea sured  by 1ouuug and h i s  ccl-- 

-tal  s tone u ’ ; an ik i uu ; of t ies average  thu r ce— y ese r—o l d  leagues on thee  man ik ins .  -

and ~ i x — y e a r — o 1 d  were c o n s t r u c t e d , A number of
s t a n dar d  ; e t u t h r e p : ic t n i c  mea surem e ict s av a i l a b l e  in The geometric  model used for t h e  head is c-i —

~ the l i t e r a t u r e , a l o n g wi th  S c s i ’  nons tandard  men — titer a hotuto geneous sjuhcc. r o  or afl e l l i p s o i d .  A n t h r o —
su r cnuent a , were used t o  c o n s t r u c t  the  m a n i k i n s.  pometr ic  measurements  are u s e e s u i i y  made of theThey wer e  c on s t r u ct e d  in a s t an d a r d  t i l t i n g  posi— head’ s length , w i d t h , sen d d e p t h , and an a p p r o x i ma t e
Lion  ( t o  he ch ’sc r ih ’d  l a t e r  in thei ~ pape r )  and e l l ipso id  dof i~~ed. ‘h1e~ pri ncipa l moments a re  th en —- ‘ -
f ron t , s ide , and rear  photo graph s  taken w i t h  a computed frost t h e  closed forcn cv ,p e-e sc ;ions .  The
r u ler  scale  in view to a l low d i r e s t  de t e rm inat i on  pr inci .~suI axes are n a t u r a l ly  ces i ecc i d en t  wi th th ee 

- 
— -

of dI n c n s in n ~ f r o m  t h e e  p t e o t o gr a p h e s .  The m a nik i n a  geonue t r ic  sexes .were segmented and e s t im a t e s  of the  centers  of mass
and some p r i n c ip a l .  mo m e nt s  were t a d e  f o r  t h e  m eg— We have developed a more newel procedure to
r en t s .  D a ta  were  als.n o b t a in e d or Jo i n t s  acid o the r  ob ta in  t h e  head ’s pr i n c i p a l  I c o n s e n t s  of in e r t i a  sire d
landmark  locat ions  mccci  sp e c i fi ed  w i t h  respect t o  p r i nci pal axes. This procedure is ; ou t l ined  in the e 

-csichc segment ’s c en t e r  of mass,  
fo l lowing  steps :

T e r h c n i qei es h 5 s;ed t i  (‘s -n o tat e  t h e e  in e r t i a  Pita

Prev ious  body se ’ ; ’r . , euct  g e o m e t r i c  model s  l ive - —

been m p p r e x i  L I  E e l  its . hcoir ogencous e l l ip s o i d s , cy l i n —  -

or ( r e i s t r u s u s  of c i r c u l a r  e’u !lcS. The geomet-
ric iu odei cho sen b r  our  in i t i a l  nodd ing  e f f o r t  

__________________

vat ; a store gener a l  c te :u pe , a Is o ucogc eie ’~ us r i g h t  el 1The end—plane s  of most of t he  m a n i k i n  body seg—
I ip t ic a l  so l id , viii cli has these chcar ;uc ’t e r i s  t i c s :  tecut S arc riot i ,erpe ’cidicular  t o  t h e  z—ax inu . Fur —

— It  his ; two p a r al l e l  ci 1i 1t  i cal e n d — p l a n e s . t herunore . some dat  a were not av a i l a bl e , r eqei l  t ’ I n g
A z — a x i c ;  is  d e f i n e d  th r o u g h e  the  ce n t r old s  measurements  to be side f n o m  t h e -  stvai oh e p i e
of these- e n d — p l a i c e ’ s  and is  normal to  bo th  - graphs .
planes. 

‘ ‘ 
2Thce neck segment is a complex  g~ os e et r I c  shape t h c a t

— The end-p lanes  and any other  croBs— aect i on  v i i i  be described l a t e r .  

~~~.- -  - - ‘ - - ‘ - - -- . -— - s ’ - - J
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1. Dete rmine  thc~~c’ h ead mcasur t ’ere ents :  Thee “Ph ouue -nt m of i n er t i a  of a R e t a t e d  F l l i ; u —
sold” progr ; :uu uses t ice . t h u  n e ’  s p e c ’ I I I  eel iie.id ii lm c ’ ru —

a.  ik’ad l e n g t h . ( re ’a su r cd  f r om  Li ce  ne ici — si cin s  to d e f i n e  an e l l fp a o i d  whuos;c’ axe’s; cite ut’ i c’nt—
die  of the f o r c h e e c u l , j u s t ab ove the ed p:ernl id  to th ee  locai r ef e r e n c e  ;c~.e’c; arid ci. rut -r”
cy ebrows • to the e  w , I d d l e  of t h e ’  b ack ed at  Lice ge o ruce t r i c  cen t er  of t i es  h e a d ,  i t  t h en
~ f thee h ead)  uses t h e  d i r e c t i o n  cos ine  m a t r i x  t o  d e f i e s , ’  cc cues’

b. itcce d b r e a d t h .  ( r h u c  suax imu rcu b r ea d t h  i i  lipso id  wh ose’ axes a re  c e n t e r e d  a t  the ’ g e e - s e t  n c
0 the  head , cen t er , but  o r i e n t e d  j e se ra Ue i  t o  t h e  p r i nc i pal  —

c. h ead h e i g h t .  ( t hee  d i s t a n c e  f r o m  the axes ,  Thuc semiax ic ;  l engLh c i  f o r  t h i s ;  e l 1 ip s oJ ~h sire
dclii to the top  of thee head , in a taken as 1-hue d i s t an c e ’s f rom t i e  ori g i n  t o  t h e  l i e —
v e r t i c a l  d i r e c t i o n )  t e rsec tion  of Lice p r in c i p a l  axes with c the first c -h ’

d. Mass. (H o c c o g en e i t y  is s t i l l  assum— lip so i d .  The ~cr lnc1pse l  moments of the  new e i i i p —  —
C . j  

~ofd are the c a l c u l a t e d ,

2. Obtain cc direction cosine m a t r i x  d e f i n —  -

i r e ,, t he  pu -m ci jual  axes o r i e n t a t i o n  w i t h  respect  to ‘ The principal neon;c’nts obtained by applying

a Standard  local  a x i s  sy s t e s : , and the  c o e f f i c i e n t s  th u s p rocedu re  to the .  .~ix  cadaver  heci d s  of the
of t h i n  l in e a r  equ ~~t i or I s  r e l a t i n g  t h e  p r i n c i p a l  Chandler  d a t a  were l i n e a r l y  co r r e l a t e d  w i t h  thee
m om en t s  vor . :pute d f r o m  t he  e ll i psoid  model to thee e m p i r i c a l l y  dct e r min e ’d  p r in c i jcs i ]  nuo men t s .  ‘l’h ue r e
t rue  p r i n c i p a l  u - c on s en t  va~ u es. was a h igh degree of co rn -e la t ion , w i t h  the equn ’

Lions be ing :
3. Use the  program ‘ t’ic~ments  of Inertia of a

-- to compute the  p r i n c i p a l  mom ents  I ,~~ 1.98 I ’ — 82.99 (r 2 0.99)

I 1.52 I’ — 77.66 (r
2 0.99)

The mass i t t  Step 1 can h~ de term ined by c~~
. ayy yy

tauruirg thee volu:is value obtnined by emersion 1
~ arid i 16 1’ — 24 22 (r

2 0 92)
multip lying i t  by a deusr ity r ; rerc’ru tat i,ve of the ~~ZZ 

- 
ZZ

class of hu rsau u s  b e i n g  tiodeled. For example , Clu and —
icr , Ct ml (1975) h eave c~c te r s i ne t h a t  the zcv - ;cge (The exper iment-a l ly  cbe i er s t i nc d moments  are 1a and

den si ty  f o r  the  hea d sCIS;cnts of six adult ruale the computed  moucuon t s are  I ’ .) It is; the  e o e f f i —
cadavers was 1.056 (SD .020) .  d en t s  of th ese eq u a t i o n s  t h a t  are i e f ’r r e d  to irs

Step 2. The “Mom en ts of Inertia of a Rotated C 1 ’
The d i r e c t i o n  cosiui. ’ ma t r ix men t ioned in Step lipso id’ program has the cap aiuilit y of performing

2, which def ines  the o r i e n t a t i o n  of th e  p r i n c ipal those linear transformations. A detailed develop--

axes , h a s  been d e t e rm i n e d  f o r  t i re  a d u l t  male  fi’ouu ment  of this  procedure  can he found  in  Leet
Lice C h a n d l e r  d a t a  (Lout , l978c) .  This c r et r ix  Is (1978c),

[0.6484 0.0000 — 0.7 6 1 31  - There is a q u e s t i o n  about  wlee’ t ~~er or not  the
‘ 

~o.oooo 1.0000 o.oooo j sp e c i f i c,  d i r e c t i o n  i . n s i r t e  acid lit ’s-sir c o e f f i c i en t

1.
0.7613 0.0000 0.6484 1 v a ) u e , S can h i s  used for  d e t e r m i n i n g  t h c e  i ner t i a

.1 proper ties of c h i l dr e n .  However , ft scec:s prob—

The standard local reference system used hu ~~c; i ts  able , al t h o ugh  riot yet pu-overt cone’l u s ;  i v ely ,  t h us

or igin at the head’ s center of ru,’e r ;s; , wi th u th~ 1uosi— tire neass d i s t r i b u t i o n  of thee hur ,uanu  head is pretty

Live x—ax is in the forward direct ion (It exits the ucuchu fixed hey the third y e a r .  Ti ; is .  Is~ time ass . s::,p—

hcad at ah,out a p o i n t  rsidway bc-twe’en the eyes ~ t n on that was made for 1-hue three— and six—year- - old—

the level of thee eyebrows.), positive y—axis to the chi ld  da ta se t s t h a t ,  we genera ted.
right , arid positive z—sxis straight down , a ll  wi th
the hue~ d level and eyes str;u i gict c iuead , (The teche— Thee only inertia property of thu s’ head not yet

nica l  te r m i n o l ogy is ‘head o r ie nt e d  In the Fr.ink— discussed is th in  c en te r  of rinse . At prese nt we

for t platte . ) The direction cosine matrix sped — knoW of no tccicislq ues for c i e t e i r su ~ n i n ; :  thee cent ci ’ of

— flee that the princ.ipal x--suri s is rotated 49 .60  mass of the head from anthroporustnic data. The

c o u n t e r cl o ck w i s e  about  thee local reference y—axis : values used f o r  the e  l i e u - c e —  arid si:e-yt-ar— o]d—chni Id

th is  a x i s  ~~xj t s  t u e  huc~id at about, l ice top of t h e e  data  sets were 1-ire Cries d c t c r t n i n u c d  by Y o r u n g  f o r  the ,’
forc’bie’ach . (The U m g I  a t  ion wan to say at the isa! r— manikin s • Edward lieckcr (l9fl) • a t  t I l e  Nav ;c l  ,‘c ’ r o —
J Inc • b e et  t h a t  , u n f o r t u na t e l y ,  can  be too m is  i c - -sd— space Ned lea)  }Ie.’se’;c i’cle Lab or cu t o r y ,  l u , ’ , ni h , uwei t h u n t

— ing . )  Thee p o si t  i ve  p r i n c i p a l  z— a s i s , th e r e f o r e , for  a d u l t  m a l e  cadavers , a t leas t , th ere It ; on ly  55

c x lt s  1-he head ap p r o x i m a t e l y  t h r o u g i c  t he  mo u t h ,  r e l a t i v e l y  smal l  v a i i a b i l i t y  in  II : . ’ l o c a t t e - s e  of t~ ;e

bead’ s cen t e r  of uc,’us;s; about a mean v a lu e  of 13 nsa ;
In thee  4 x — d i  r e ct ion  and 21 n I l  in t u e  — z — d i  r eeL  j e e r s

3 
- f rom thee ear hole  a n t  esci dway be tween  thee  earn .

Pi’t ’cJse an th r op o i r . c Lr i c  t e rm i n o logy  e x i s t s  f o r  a l l
locat ions  i s e c i t i on e d ;  i t  car, be o b t a i ned  f r a n c  the
au t h o r .  lt  i s  f e l t  tb - ’1 t u-core common , a lbci  L l e - ; s  The body segments  in th ee ’ cVl’tI Model a r e  con—
precise , t er m i n o l o g y  is. r’tsre a~e pro~e r i c e t e  f o r  t h i s  nectcc d a t  j o i n t s  to  ter se (he  t o t a l  b ody .  The loe ’;c— - -
p aJ e r .  t ion  of each segmenn ‘s j o i n t s ;  nic est be d c- f  tr i ed  v i  the  1’

The c u t — p l a c es i,e twccn the hut-ad and neck d e f i n i n g  rer.pect  to tie ~ l;(-~’,; tc ’r e t ‘ s p r i n c i p l e ’  axes c o o r d in a t e

th ee he-ad ,ec -gneerct a rc  ~p e c i f l cd  Sn C h a c e d l e r , Ct ccl sy s t e m .  In general , thee . segment ‘ii c u t — p l a n es e u - C’
(1975) . 
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so del i t ied  t h at  t h e i r  c cn t ro i d sc  are the ’ j oi n t  S p e c if i c a t i o n  of the  h ip  j o i n t  locations rt ’—
jo el . 5 ‘ lh e r e ’f e e r o , t h e e  i n s e n - t i c i  c-or s h e u t 3 t i o r c  process qic i re t u  t u e  g e o n u e t r i c  neocie l of t h e e  lower torso  and

- - “out l i ned  .11ev. ’ i’c vi  t h e  c t i l e ’  r u e ’c- e - ’ ; s . z e r y  in— the a n th ur o p on c e t r i c  measur e seeluts  b i s ;p i  rc ous b read t h c
fo i n t en t i o n  to d c - ten ‘si rue t h e e  j o i n t  leucci t tons. flow— ( t u e p o i t u t  of the  h e l p  bone in times  lee we ’r  a b d o m e n ) ,
ever , I h e r e  are  n- e s- c’ .- ::cet t i e ’ r u ’ .. ‘ lie ’ head—neck whi ch Is ersed to complete tiu ~ y—c oord i  nsr t o  ( b i  s ; p l —  -‘

j o i n t  Is l o cat e d  cit  t h e e  t ; i d— i e o i i i t  of the  lire’ con— noun ; b r e a d t i n/ 2 )  , thu c ’ t r o c h c a n t e s r ion  hee ighu t  ( t h e  heo l —
nc-cl Sag t i r e  m a s t n , l  n e  ( t h e ’ b o s e  icc - l e A  iud ( h u e  ear) . low ole t h e  s ide  of th e-s l i i i ’ ) ,  whu i  cii i t t  used to curr u—
To loca te  t h i s  p o i n t  wi L iu r e sp e c t  to t h e  t e c ’ ;eci s pu te  1-tic z — c o o r d i n a t e  ( I n  r u t’ geotne,’t n i c  model ca l—
ce nt e r  of r :;ss , .‘ sunt l t r ep o r s e t r i c  d I n  Se m u st Lee c v ;u i  ~

_ culat  loris , the cen te r  of mass is  d e f in e d  w i t h  re—
able  r e l a t i n g  thee ’ c c - n u t  e r  of u - n e s s  L u  t h e e  ns ias to lds ; . spect to the top e n d — p l a n e c e n t r o i d .  Knowledge of
The ne ck  m e d e l i r u r ,  pu -r u e ’dure p r c v l e h e u h  i n f o r m a t i o n  the vess’tical d i t u t a n c e  f r o m  thee e n d — p l a n e , w h i c h  is
on the  jo in t s locat i on  in thee  n ec k .  i the I l io cr i s ta i c  h e i gh t  ( t i n e  very  top  of the  h i p

bone.) , to the t rocl ean t e r ion  is er co erghe to d e fin e  1-ice
- The neck hu cs a second j o in t , th ee upper torso— z — c o o r c h l n a t e .) ,  cinch t h e .  t r o c h i a n t c ’r i o r u — t o — s e a t — h e c r c k

neck j o i n c t .  Assuming  t hat  it,  in  located  1-ice same dis tance , which is used to coeue h uute  thee x— coordi— -

d i s t a n c e  f i n :  t hee  hack  of thee  nec -k as the iu e aeh -n e ck  n a t e .
jo in t , thee co ard i  n e t  c’s of t h e f t ;  jii rut in thee neck
can be o b t a i n e d  f ro :- s  1-hue n e c k  m o d e l i n g  p rocedu re .  Tcehni q1iea Usej ,_to E s t i m a t e  Sc2~~ ,nt  Cont act, b l U r
The coordin se t e’s; of t h e  j o in t  wi th e respect to t ine
e c r ut r o i d  of thee c u t - - p l an e  b e t w e e n  thce  neck and up— The sur faces  of the heady model are descr iheed
per torso  can ;u l u - - u be de -t e r m i r e d. Thicsse coordi— by th ee surfaces  of e ll i p s o i d al  shapes for i n d i v i d —
Sa tes  dSfl ho t r a n s f e r r e d  to  thee  upper  torso to nrc— use] bod y segmerts.  Thce p resent  s t a t e — o f — t h e e — a r t
vide the jo in t s l o c a t i o n  in  thee  upper  to rso ,  provides no a lgor i thnst  f o r  gener set ing  thee  d i m e n u s i c c t s s ;  — —

of these con tac t  e ll i p s o i d s ;  i n s t e a d , thee f a l l o w i n ~The rh o u lder  j o i n t s  are located using v a lu e s  set of h e u r i s t i c s  is  o f f e r e d . Ifut  f i r s t  it  sh o u m i dfrom the upp e r 5rPm arid upper torso models, The tue pointed out  1-liar t h ee segment i n e r t i a  e l l i p so ids
Jo in t  is assu;;eecl to be on e — th i r d  of th in  d i s t ance  are indepeo chent  of the  con tac t  e l li p t u o l d s .  T h e
f r om  t h c e  to~ of th u e  shou lder  ( a c c e s s i o n )  to the arm ob jec t ive  of the c o n t a c t  el l i p so id  c o n s t r u c t i o n  is
p it  ( c c x i i i  a ) ,  nue asure ’d forts the  cucromion.  (This to provide a su r f ace s  d e s c r i p t i on  lot c o n t a c t  fo rce
fr a  1-ion Is t h u c  s ub j e s a t  of sorue c o n t r o v e r s y . )  Ui” interact ion s and to gen e r a t e  a r ep r e s e n t a t i ve  body
tail s  for l o c a t i n g  t he  j o i n t  g iv en  thee anthro ico— shape f o r  graphic d i sp lay.
m e tr i c  da t a  ens thee ’  upper  ar nu  aesd upper  torso are
provident in Leer (1978b) The technique used is to wor~’ fron tc sides and

f ront  vi ew phr otog ra ~ch es ;  of a pc ’rso mu m e’ r e sc -n t at iv e
Thes upper tort u o—r su i d torso and aid torso—l ower  of 1,1cc class  of i nd iv idua l s  h ie ing  r,u~ de , lc ’d . T~e l s

tore”  j o i~~t h o e - n n ~~c~~e ores r ompe t -d c - s i n g  a f or e s s u , l a perccu i i  s uould  ‘n,e lee t h e j ~~ stc,ec J,ird ~~j L~~j ; , g .s i t i~~:
d e v e J c j ’~’;l hey l,su anti tickst r u s (l 973). With thue the head is o r icn t ed  in  t ire I r a m n k f o r t  p l ane , t h en
s tcend curd local r e f e r e n c e  texis c , y n r c m  h a w i n g  tIre
po si t  lye x— ce xis  f o r w a r d , th re  posi L i v e s  y — ax i s  to thee 

upper arises are  v e r t i c a l  w i t h e  1-hi t -  pu -u l u - ~ in , t he ic’s’-’
en an us a re  leon ze’r.t c:l , th e -  back 1s t, 1- r ;u I ghu t , 1- hue’

ri gh t , and the p o s i tiv e  z — a x t s ; ’ down , the d ist a n c e  upper  legs a n t ’  hori zo sst se i , thee ’ lowe- u- legs a re  ve ’r—
In  thee — x — d i r c - e t i o m u  Ir ene 1-lie c em c t c ’ r  of mass is t lcal , and t h e  feet  are ’ t h a t  on t h e  f l o or .  The ole—
given by a0 4 a 1 (17 / hi * Y ) ) ,  whue r e  cc0 and a 1 are j ec t ive  here is to’ Posit  ion  1- l e e axe’s of t h ue  body
regre ssion c o e f f i ci en t s  computed  by thin a u t h o r s  fo r Segments p a r a l l e l  to the e body r e f e rer ce e  axes .  Th e,’
each v e r t e b r a l  l e v e l , W is the  body w e i g l e t , hi ~~ o u t l i n e  of thus body s I u ,u ld be c l e a r l y  v i s i b l e  in
t ire body h i c ’ I g h n t , and Y is the  wi d t l e  of the body at  1-hu e ph iet ogc’aph us , amid scales  c lose  to 1-lie bcect y ;u - i d—
the j o i n t  l o c at i o ru .  planes should he ir ec l u deC . Thuc c o n d i t i o n s  were net

The upper tore-so-mid torso Jo in t  is located at in t h e  Yoern g zr tanl k iu e d a t a .
abou t 1-tie l evel of t h e -  Ti v er t e b u -a .  flue — x — d i s —
Lance can be compu ted  by avc-r sr ginc; 1-hue va lues  oh— Tire body o u tl i n e  and scale are traced on
t a i i e n ,’d f r om  thee  Li eu and Wj c k s t r o n c  f o r m u l a  f o r  the graph p op e -u - .  The sc -gm- tent  c u t —p ] cn e s  are  drawn on
Tee , Ti , and T8 v e - n t c i e r a e ,  Tire n u i d  t o r so—lower  1-or— ther,e f i g u r e s , alor it ~ w i t h  th ie  segment p r i n c i pa l
so j o in t  is icic ;u t c ’ch  a t  ab out  t h e  level of t h i n  i~3 axes at 1 - h o  center  of ncass.  At t i me  r er c ’sent  t i m e
ve rt eb ra . ‘ihe ‘ x ’ - e ! i s t n t t c e  can L u ’  computed by aver— thee contact  el l f p n o id  n sem f ax e s  are  cissutu ed 1- c he
ag ing  t h e  wait r ess  o h i t a u e c c - d  f rom thee  L iu  arrd W i c k —  o rien ted  p ar a l le l  to the  s;egm,snt pi ir e ip :el axes  —

s t rom f o r m u l a  f o r  thit ’ L3 , 1,3 , and L4 ve r t ebrae .  To (The ATB Model pro gr ;cet  has thee opt ion of r e o r i e n t —

‘,2c complete tire’ coord t r satc  d e f i n f t i o n s s u : tine y - c o o r d i —  Ing t i re  con tac t  e l l i p s o i d  semlaxes , bu t  in the  pro—
nSt t ’t ,  f o r  h ,o th i  o i r s t s  ‘rc’ m - c - ro ;  ( hue  z— co or d i i u a t e ’s sent s t u d y  t h u s r e o r i e n t a t i o n  was not  r e q u ir e d . )
can be obta ined  f r o m  thee hedesct r lc  models of the  Tho in t e r n u s c l i o n s  of thee  segment p r l r u c ’ i h e a l  axes —

segments.  with  th ee ex t r e me  edges of the  segrtte ’r ct are used ,
along withr a conupass . to loca te  a l ir a t  c- s t it ,t e  of
the c o n t a c t  c l l i p~ e ,id o r igins .  The co o r d in i a t en  ci
the cr 1 gins wi th re ’n ,pecn , to th te  sepicc’nt p r h n c  ip si l  -

is reco izeil  t h a t  f h i e r e ’  i~ a c o n t in u i n g  con— 
axes arcd (lie serniaxes l e n g t h s  eur o ~upp l1cd  to  t I r e
ATII Model psograns . This  program is 1- t i le  f o r  zero

t rover sy  ow’r r e e l e - t u  t h a t  l oca te  j o i st s  f r o n u  c x —  s i m u l a t i o n  t ime , fo l lowed  by a hotl y e l l i p s o i d  cu l t—
t i - m ad h an dr e er k s .  ~i ie1s  i s .eu ce c.ilr runt be cidd re ; s Rc ’ d l ines  p lo t  program U’ obta in  p l o t s  of t h e e  i , si  t i , il
In h i t s c , I i o r t  h u c t u s e I r s’; the r e ’su l t a  in t h i s  un.wer p o a l t i on  of t i res  t o t a l  body in It s  e n v i r o n m e n t .  In—

- ( ref  l” ct  t hc e  l a t e s t  L h c i n k i n i g .  ‘ sp ect ion of these 1110(5 u sua l l y  sugge sted a d j u s t —  

- ‘ u — ‘ _ ! . - : . : ~~~~
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ne eust”. to the con tac t  e l lipsoid  dimensions or or igin 3. •If 1-he model inc ludes  R r i g h t  c lJ l p t lc .’nT
]oc~ tions, 

solid:

a. Id e n t i f y the p r o x i r u a l , mid , arid din ’-
There is a d e f 1n l t ~ “a r t ” to th i e se  h icu r i s—

t i cs .  F u r t l e e r m s u u e r e , t he  i te r a c t iv e ’  ptoCt ’Ss con— 
tal  p lanes -

b. D e t e rm i n e  the scrnui axes f o r  these
susie-s a co:np arat ivel’ :  l a n - n . e anso um i t  of comnpu t er  re— hulair es and 1-ice d i t c t a r i ~ cs be tween
sources and t i me .  T h e e - n c - f o r e , co r t a c t  e l l ipso id  (hem -
d e t i -n i s i n r a t i o n  is se pr ime s c a n d i d a t e  f o r  f u t u r e  pro— I

c. Determine 1-hu e d e n s i t y
cc-dora] lnpm ov er tce ’n t s .  d .  kurt )h ISEC2

- -

Tcchnicju c’s t’sed to he f in r cs  Bod y and Jo int  Axes 4. For each simp ly — t r a n s e ct t ’e l  e l l i p t i c a l
O r i e n t a t i o n  cy linde r :

a. Determine ‘he  base seenuiaxes and- The body orj en t a t i ~~n In the  environmen t Is - h e i ght -def ined  irs thee  ATB Noe he l p rog ram by specif y ing  the b. ku rt the  program “Si nu p ly — T r a n u s e ct e d
-- o ri ent a t i on  of thee segment p r inc ipal  axes w i t i r  re— Ellip tical Cyliunders .”

spect to a r c  i n er t i c e l r e f e r e n c e  syst ent  and t ie c  lcca—
t ien  of thee lower torso segment ’s center  of mass.  5. Combints 1-he i rr d i v i du a l  se- p,nunn t  i n e r t i a
This is a s t ra ig le t f u r w a r d  p rocedure  anti is presen t— p roper t i e s  us ing  1-hues program “ P a r a l l e l  Axis Th c -o—
ad in d e t a i l  in Leer (1978b). real .

6. Obtain thue segment princi pal moe-tents and
Two coordinate systc’uss must be defined for direc tion eosiiie matrix using an available eigen—

each joint , one in  each segment associated with the va lue  and elgenvec 1-or  program.
Joint. Their relative orientations are used to
detcrmine thee to rque  at the joint . A manual proce— Step 2 requires thrat local coordinate sys— 

-

—e”~ dure uscd fo r  the ’ t h r ee— and s i x —y e ar — o l d— c l u i i d tent s be d e f i n e d  for  each par t of the segr r,ent. It
da ta  setS , one t h u : t t  sets 1-he usual , i n i t i a l  cc ’ru di— is help f u l  to o r i en t  t h e  segusent to the test of
Lion of ze ro  j o in t  torque , is eh e-scribed in de ta i l  the body by d e f in i n g  proximal  a~ d d i s t a l  ends f o r
in Leet (1978b) . - the segment as a wholes and fo r  each of i t s  pa rt s ,

- ‘ 
w i t h  thee d i s t a l  end being f u r t h u s s e -  f ros t the head . 

e Assuming each par t  has  a p rox imal  end—plane , the
3. TECh N IQUES UNDER DEVELOPMENT origins of the  local coordinate  systenus can be lo-

cated at 1-he pro x inual  end—p lane cen t ro ids ;  o the r—
Two new geot ;ccstric models a re  now under de— vise , the or ig in c c emu be located at  t he  d i s t a l  er s d—

v e l np n e n t  t h a n  s h ot n i d  si gn i f i c a n t ly  increase  t i ne  p lane centro id .  By convention , the  or ien t a t i o n  of
accuracy  or t h e  sn er r i a  c a ic u i c u l ,o n s . (tue ~~ ti~~se a regruent ’s so o i ti v e  n — a x i s  is  a l o n g  the c’y l in d—
is a general  segment model h u a v i n g  up to th ree  n eal ax i s , front thee prox im u ze l t ’nd to t i me  d i s t a l
parts. On-cc,’ of the-ste part; is tire h omogeneous righ t end. The pos i t ive  c u r i e - m u t a t i o n  of a segment ’s y—
e l l i p t i ca l  solid dcner ib c ’eh ear) i c ’r. 31cc o ther  axis should be n ig iut  latc’ral (out  1- lee s r i g l u r  a i d e ) .
par ts  are lsomogenc ’uu s s i r u p l y — t r , c u s s c-t-t e d  c i l ip t i ca l  Ii, follows t h u a t  1-he posi t ive o r i e n t a t i o n  of a seg—
cyli nuders . A s i r . p l y — t r a n n e c t e ’ d  e ll lp t ic s i l  cy l iusder  mOnt ’s x— axi s  shroulci be a n t e r i o r  (out thee  f r o n u t ) ,
is an e l l i p t ica l  c y l i n der  t h a t  lu:es bet -nt cut ell a—
gorm al l y f r o m  1- hue  edge of one e n d — p l o n e  to thee oppo— We h ave developed c los e d—fo mr u expressions
sf1-c edge  of t h i n  otb uer  c ’nd — pl auue .  Itt ad d i t i o n , if fo r  t u e  i ne r tia  pr op cn lie s  of thee n i e t p ] y ” t r z s n s e c t —
a co o r d i n a t e  systc’na i t .  d e f i n e d  w i t h u  t ime z— a x in-. ed e l l i p t i c a l  cyl indes r 1- m a t  fo r t s t iu ~ basis for  t h e e
passing t h u r o u g h u  t i e  cesu t ro id s  of thee end—planes , computer  program ,eee ’ntion ed ins S t e p  41, . Tht- s ca the—
the C u t — p l a n e  is p ar a l l el  to t i t h e r  the  x— nx i s  or inatical in su -u nipula t iom i s  involved were  not p a r t i c u —

1-hit . y ’-ax i s .  There can be one s i m n p l y — t ransocted J a r l y  d i f f i c u l t , but  there  were nunne ro cus op por tu—
e l l ip t i c a l  c yl iu c d e r  at each: end of t ire righ t, c- f l ip— n i ti es  fo r  s ign and c o n s t a n t  n szrn ipu lat io e :  e r r o r s,
tical solid. Therefore, the msit bu c ’mat lc a l  r e su l t s  and program s

wi l l  not be r e teat t ed  u n t i l  sample c s r l c n l a t i o n s s  are
Thee bas ic  procedus ’e for computing Lice iner— independently vcrificeh by a computer program sinee i—

(Sal h- ropcrtics of a body segmen t u s in g  this nitoclel lar in concept to M LS E C2 .
is:

The “Paral le l  Axis  Th n c-e,re ’ m” program in  st e-p
1. Select eric’ of the  f o l l o w i n g  models:  5 has beer: doctincus nted 1st L,eet ( 1978 1) and is

a. Righ t elliptical solid available.

b. Sieply— traiise’ctcd ellipt Ical cylinder
c. R i g h t  e ll i p t i ca l  u-solid wit ir a nimply— Tire other new geometric model under develop—

trcunise’ctod ellijt .lc.ul cylinder at ~~~ 
mont Is a neuodcl of thee neck scf,ene n t .  Tire neck m eg—

erich meat is n conucp lex rhap e .  Thr on e a re  two c u t — p l;euses

d.  It i ghit  e l l ip t i ca l  solid wlthr simply— between tu e hnoad and the neck: one is parallel to

t ruinsected e l l i p t i c a l  cy linder s  at tire }‘r u t n k f o r n  p lanes , passing f r o m  th ie back of t h e
each end hre ari a l omn g h-inc base of thee skul  I to a po le -i t j u st

- beb cincl thee ,  e ar i  (h it ’  o threr  is  p ar c e l l e l  to the body
2. D e f I n e  the  local coord ina te  system for  icferesncc, y — a x l s  and runs f rom tire po in t  j u st  he- ’

each, pa r t  and a coord ina te  sys tem for  the  segmeirt h ind  t u e  car Ln nge ’n ur  to th e e cepp er poc’Lion of the-
ucodel am a whole.  ‘ Adams ’s apple and Out ~hw f ro i r t  of the  trock . Tire 

- - . . 

I
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cu t — p l a i c e  between  1-he neck arid 1-lie t ipper  torso is  a l r e a d y  developed r e q u i r e  some new a r e t h c r u ,e h e one’t r ic
petro l  l t ’l o thu e body r e - h e ’  r e ’u :ce y — a x l s ;  t i red passes mesr st irecnent s .  We hrsi v e been w o r k i n g  c l i i s s i ’h y  vi 1-hr
C h i t i t u g h t hee ve ’rrc ’b t’;u l a u i d r s , e n -k a t  1-ire lu au - e r back of expt .rtu - ;  iii t he t ’se -  f l ej eh u - ;  to ice -acr e ’  t h u i t  t he e ’ thesi  red
the n e c k  e-~c I led th ee ’ cc ’ rv l  u - a l e ’ and a poi r u t  j u s t  me a sur cmuu ent . s  are  p r act i c al  t e n d a p p r o p r i a t e -I y dc—
above wh u e -re ’  the  two c o l l a r  bur ies ittect ( t h e e  suep r a— f i n ed.  Second , i f  mor e ’ a c c u u r ; u t e s  gt’Om( ’t r i  C u - t c sIe l  -;

~t e rnale) .’ of body segmen ts are m’ eqte f r ed , Irnpr ov e ’n ;s .-ec t  w i l l
most l i k e l y  be made by d e f i n i n g  d t s r i z e i t v  d l t ; t r i b u —

Tire neck model  is ce-rspr i sed of t h u r e e  iromog e— 1-ions w i t h u i n  segments .  No audi da ta  c u r r e n t l y
tree—is parts: two simn ply—tru-un sesc1-ed elliptical exist.
scrnlcyli neh -- rs. ocr top of a right, ellipt i cal cylind—  - 

— 

en . A a t m  - cylinder is a c y l i n d e r  1- hea t  hua s Iseen ACKNOWLEDGMEr ~TS -b isected s h r u g  it s  l u n g ,  or s—axi s , , t h e e  c u t — p l a n e
be ing  p a r 5 e l  I& ~l to e i t h e r 1-hue x— or y — a s i s .  “S l utu p ly— The researchu repor ted  In th i s  paper  coverst r ar e s e c t ed  s e -u - uri s t h a t  the  sc t sn i cy l in dc s r  is 1-ran—

- work pe r fo rmed  unde r  c o n t r a c t s  F33 (c15 —7j - C— 505 4  and
~ec 1-e-d by a c u 1 - — p i ; u n i e  t h a t  is  p a r a l l e l  to 1-hu e same- 

- }33615—78—C —050 4 spom isoreth by 1-hu e 6 5 7 0 t h i  Aerospaceaxis as 1- l i t ’  b i s e c t in g c e - u t -  p l a n e  and r u m i s  f r on , r  t i re Med ica l  Research Labora to ry,  Aerospace Medica l  D l —b l sc c t ln E  c c ’t — p l a r u u  a t  one e n d — p l a n e  to  thee oppo—
- . v is ion  Air  Force System s ;  Conss:and , 1’ r : g h u t — P a t r e r s o ns i te  side-  e m  the o t i u e r  e n d — p l a m u e  m u  such a way t h a t

A FB , Oh !. Thee- ;u t h i o r  acknowledges thee co u r e - r i b u t i o n sa l l  th e  h e l a c ’ c t i n g  cu 1- — p l a r u e  r e m a i n s .  The two a i m —
of Al-IRL s Mr. huts kalepa .p l y — t  ra i se- t i - d  c l i  u p t i c , i n; c’n n i cy l r n d e r s  are  s tacked

on ( i c c ,’ rii ’ .r e l l i p t i ca l  cy l i nde r  so tie-n t t i me- i r h i —  - -
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PROCEDURES USED TO GENERATE ThREE— AND SIX—YEAR-OLD — CHILD

DATA SETS FOR TilE ARTICULATED TOTAL BODY MODEL FROM ANTHR0PO1’~ TRIC DATA
- -

Duane C. Leet, Ph.D. -

The University of Dayton Research Institute
Dayton, Ohio 45469

- -
foot (left and right). 

-

AZSTRACT Among the input data required on each segment
are:

A class of r igid component , chained sys tem — inertia properties (mass , center of mass ,
models has been developed to predict relative limb principal moments, principal axes orienta—
and whole body motion of humans during vehicle Lion)
crashes and aircraft ejection situations. Members — ellipsoid dimensions , axes origin wi th  re—
of this class include the 3—D Crash Vic t im Sinuu— apect to the center of mass , and axes
lator  and the Ar t icu la ted  Total Body Model. Both orientation with respect to the p r inc ipa l
have similar input  data requirements , including axes
individual  segment iner t ia l  propert ies , joint  10— 

— joint loca tions with respect to the center
cations and the i r  biomechanical  charac ter i st ics , of mass , and joint axes orientation (Each
and contact  sur face  d e f i n i t i o n s .  Cu r r en t l y ,  the jo int  has two sets of axes , one for each
only body class for  which a s i gn i f i can t  amount of segment associated with the joint . These
such data  exist is the adult  male. In this paper axes are used to d e f i n e  torques at the
s t a t e — o f — t h e — a r t  t echniques  are presented for  gen— jo in t . )
cr a t i n g  ATB Model input  data sets for  two other — various joint s t i f f n e s s  and f r ic t ion  con—
body classes , the three— and six—year—old child , stants
from anthr opomn etr ic  da ta .  The anthropometr ic  data
on these two classes are unique because dental In addition, data must be supplied to def ine
StO ,mc rs.em’.~ k~ ;;, have lie-en ce’cveioi~eei fr~cm them that  the initial orientation of the body wi th  respect to
provide various d i rec t  iner t ia  and dimensional an external  reference coordinate system. The en—
data for  comparison wi th  the corresponding values vironment (contact  planes , r e s t r a i n t  systems) must
developed using these techniques. also be defined , as well as remaining init ial  con-

ditions and the external stimuli to be applied to
the system.

1. INTRODUCTION AND SUMMARY The program simulates the dynamics of body
motion using a unique method tha t  has been shown to

Protection of passengers from injury during be equivalent to 1-he I,agrange method. Motion plc—
vehicle and aircraft crashes and the protection of Lure f i lms  of the dyna mics can be produced thro ugh
a crew from injury during aircraft ejection situa— the use of plot packages supplied with the simuls—
Lions is one of the important design objectives of tjo~ program.vehicle and aircraft design engineers. An increas—
irigly important tool in evaluating the safety as— The University of Dayton Research Institute
peeLs of different designs is computer software (UDRI), under the sponsorship of Al-hIlL, is curr en tly
simulation. Calspan Corporation has developed a involved in a research program to develop input
particularly sophisticated class of these programs , data sets for the ATB Model program. This paper
The class includes the 3—D Crash Victim Simulator surveys techniques recen t ly developed by the UDRI
(CVS) Model, developed under DOT sponsorship for obtaining the segment inertia , joint location,
(Fleck , et al, 1974), and the Ar ticula ted To tal and contact ellipsoid data and the initial body
Body (Am) Model , developed from thee CVS Model un— orientation. The most direct measurement techni—
der the sponsorship of the U.S. Air Force Aero— ques available for obtaining tile segment data in—
space Medical Research Labora tories (AMRL ) speci— volve the use of anthropometric data to define the
fically for app lication to aerospace—type problems dimensions of geometric models approximating body
(Fleck and Butler , 1975). These programs model segment geometry. The geometric solids , in appro—
the hunan (or laboratory animal) body as a multi— priate combination , have been incorporated into
segment chained system . Currently 15 segments are computer programs that generate the required data.
defined : head , neck, upper arm (left and right),
lower arm (left and right; includes the hand), This paper is organized into three parts.
upper torso (thoracic region), middle tor8o ~~~~~~~~~ Techniques used to generate ATB Model input data
cera), lower torso (pelvic region), upper leg sets for 3—year—old and 6—year—old children front s
(left and right), lower leg (left and right), and anthropometric data are discuaeed in Section 2. 
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(Du e to their volunnee , the actual input data sets parallel to them are ellipses with centers
etc not published here. They can be obtained from on the z— axis and semlaxes in the xz— or
the author  or Al ’hkL.) Some more advanced techni— yz—plane s .
ques and programs , s t i l l  in thee  development stage , For our purposes , the shapes of 1-he r igh t  e l l i p t i —are descr ibed in Section 3. The last sect ion cal solids to be considered are f u r ther res tric teddiscusses d i rec t ions  f u t u r e  e f f o r t s  are likely to to those tha t  can be de f ined  by s u p p l y i n g  the semi—follow , 

axis values of the end—planes  and a s ing le  cross—
section somewhere between the end—planes. Althou glc
the other geometric models mentioned have the ad—

2. TECHNIQUES USED TO GENERATE ATB MODEL 
vantage of having existing closed form expressionsINPUT DATA SETS FOR THE THREE— AND for th eir iner t ia  propert ies , they are re la t ive lySIX—YEAR-OLD CHILD poor approximations to the actual body shape when
compared to the r ight  e l l ip t ica l  solids described

The Available Anthropometr ic  Data . here.

The development of ATB Model input data set 
A very fast interactive FORTRAN program call—

preparation techniques has emphasized the prepara— 
ed MISEC2 has been wri tten to compute the inertia

tion of data sets for  the average three— and six— propert ies  of the homogeneous r i gh t  e l l ip t i ca lyear—old—chi ld .  There are two reasons for  ennnp ha— solid described (Leet, 1978a). The program approx—
sing these body classes. The first reason is th at ima tes t h e  solid as a stack of e l l i p t i c a l  cylindersthese data are needed by the Depar tment  of Trans— 

of varying semiaxis values , computes 1-he inertiapor ta t ion  for  auto crash air bag studies.  The scc- 
proper ties of each cyl inder , computes the cen te r  ofond is that  two an thropomet r ic  s tudies  have re cen t— mass of the solid as a whole , and then used the

ly been published that provide detailed anthropo— 
parallel axis theorem to shift the individual  cyl—metric , inert ial  and j o i n t  location da ta  t h a t  can inder ’s cen ter of rota tion to the s o l i d ’s cen ter of

be used to evaluate the data set preparation tech— mass , where they are appropriately summed to pro—niques being developed. One of these studies , per— 
vide 1-he solid’s moments of inertia about its cen—formed by Snyder , et al (1977) at the Highway Safe— 
1-er of mass.ty Research Institute (H SRI)  under the sponsorship

of the Consumer Product S a f e t y  Commission , used the The Young data were used to ob ta in  r igh t  el—
latest in automated  equipment  to ob ta in  and s ta t i s— liptical solid models of all the body segments cx—
tically analyze a large sample of standard anthro— 

cept the head . A detailed description of the  an—pome t ric measurements for  i n f a n ts , ch i ldren , and thropoinsetric measurements used and t he  approxima—
youths up to age 19. The data are organized by tions and manipul at ions perfo rmed  on them to ob t a inage , are up—to—da te , accura te  to the s t a t e — o f — t i m e —  the required model d imensions  can be found in Leeta r t , and cepious .  The other  s tudy  was p er formcd by ( 1978b). Even though sonue r e d e f in i nR  c u t— p l a n e s
Young, Cf al (1976) at  the Civil Aeromedical Insti— 

approximations were made’, except for thee’ neck2,tu te under the sponsorship of the O f f i c e  of Avia— the MISEC2 resul ts  were w i t h i n  an acceptable 10% of
1-ion Medicine. In this study, two full—scale den— those inertia data measured by Young and his col—
tal Stone manikins of the average three—year—old 

leagues on the manikins.and six—year—old were constructed . A number of
standard anthropometric measurements available in 

The geometric model used for the head is ei—
the li tera ture , along with some nonstandard mea— ther a homogeneous sphere or an e ll i psoid. Anthro—
surements, were uaed to construct the manikins . pometrir measurennents arc usually made of the
They were constructed in a standard sittinig post— 

head ’s leng th , wid th , and deptic , and an approximate
Lion (to be described later in this paper) and ellipsoid defined . The princ ipal moments are then -front, side, and rear photographs taken with a 

computed from the closed-form expressions. The
ruler scale in view to allow direct determnnination 

principa l axes are naturally coincident with the
of dimensions from the photographs . The manikins 

geometric axes.
were segmented and estimates of the centers of mass

— sad some principal, moments were made for the seg— We have developed a more novel procedure to
ments. Data were also obtained on jo in t s  and other  ob ta in  the head ’s p r i n c ip a l  naunnen ts of i ner tia and 

-

landmark locations and specified wi th respect to 
princip al axes. This procedure is outlined in the

each segment ’s center of mass. 
following steps :

Technielues Used to Generate 1-he Inertia Data

Previous body segment geometric models have
been approximated as homogeneous ellipsoids , cylin-
ders , or frustrums of circular cones. The geomet-
ric model chosen for our initial modeling effort 

_________________

was a more general shape, a homogeneous righ t el— 1
The end—p lanes ‘f most of the manikin body seg—

l iptical solid , which has these charac te r i s tic s :  scents are’ not perpendicu la r  to the z—ax ius . Fur—
— It has two parallel elliptical end—planes . thermore, some data were not available , req ui r i ng

A z—axts is defined through the centroids measurements to be made from the available photo—
of these end—planes and is n ormal to both graphs.
planes. 2

The neck segment is a complex geometric shape that
— The end—planes and any other cross—section 

will be describeei later. 
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1. Determine thuese head measurem ents :  The “Moments of In e r t i a  of a Rota ted  Ellip-
soid” program uses the t h ree  spec i f i ed  head dim en—

a. Head l e n g t h .  (measured f rom the mid— sions to d e f i n e  an e l l i p so id  whose axes a re  o r i en t—
dle of the forehead 3, j u s t  above the ed para l le l  to the local r e f e ren c e  axes and cen t e r—
eyebrows , to the middle  of the back ed at the geome tr i c cen ter of the  head.  It  then
of the head)  uses the d i r ec t ion  cosine n c z e t r i x  to d e f i n e  a new

b. Head breadth. (the maximum breadth ellipsoid uluose axes are cerutered at  the geometric
of the head)  cen ter , but oriented parallel to the principal — -

c. Head height. (the distance from the axes. The semiaxis lengths for this ellipsoid are
chin to the top of the head , in ~ taken as the distances from the origin to the in—
vertical direction) tersection of the principal axes withu the first ol-

d. Mass. (Homogeneity is still assum— lipsoid. The principal moments of the new ch ip— —
ed.) soid are the calculated .

2. Ob tain a direction cosine matrix defin—
— ing the principal axes orientation with respect to The principal moments obtained by applying

a standard local axis system , and the c o e f f i c i e nts this procedure to the six cadaver heads of the

of the linear equations relating the principal Chandler data were linearly correlated with the

moments compute.d f’om the ellipsoid model to the empirically determined principal moments. There

true principal mi ,cccnt values, was a high degree of correlation , with the equa-
tions being:

3. Use the program Moments of Inertia of a
Rotated Ellipsoid” to compute the principal moments i 1.98 I’ — 82.99 (r

2 
0.99)

of the head. a’oe xx
1 1.52 1’ — 77.66 (r

2 0.99)
The mass in Step 1 can be determined by ob— ayy

tam ing the volume value obtained by emersion4 and I 1.16 I’ — 24.22 (r
2 

0.92)
multiplying It by a density representative of the azz ZZ
class of humans being modeled. For example , Chand-
ler , et al (1975) have determine that the average (The experimen tally determined moments are I~ and
density for the head segments of six adult male the computed moments are I’.) It is the coeffi—

cadavers was 1.056 (SD .020). d e n ts of th e-se equations that are referred to in
Step 2. The “Moments of Inertia of a Rotated LI-

The direc tion cosine matrix mentioned in Step lipsoid” program has the capabil ity of pe r fo rming
2 , which defines the ori en ta tion of th e pr inc ipal these linear transformations . A detailed develop—

axes , has been determined for the adult male from mon t of this procedure can be f ound in Lest
the Chandler data (Leet, 1978c). This matrix is (l978c) .

[ 0.6484 0.0000 _0.7613] 
There is a question about whether or not the

0.0000 1.0000 0.0000 specific direction cosine and linear coefficient

0.7613 0.0000 0.6484 values CSfl be used for determining the inertia
properties of children. However , it seems prob—

The standard local reference system used has its able , although not yet- proven conclusively, that

origin at the head’s cen ter of mass , with the posi— the mass distribution of the human head is pretty

five x—axis in thee forward direction (It exits the much fixed by the third year. This is the assump—

head at about a point midway between the eyes at 1-ion that was made for the th ree— and six—year—old—

the level of the eyebrows.), positive y—axis to the child data sets that we generated .

right, and positive z—axis straight down , all wi th
the head level and eyes straight ahead. (The tech— The only iner tia proper ty of the head no t yet
nical terminology is “head oriented in the Frank— discussed is thee center of mass. At present we

fort plane .”) The direction cosine matrix speci— know of no technique for determining the Center of

— fies that the principal x—axis is rotated 49.60 mass of the head from antieroponnietric data. The

coun terc lockwise about thee loca l, reference y—axis: values used for the three— and six—year—old—child

this axta  ex i t s  the head at  about the top of the data sets were the ones determined by Youn g fo r  the
forehead . (The temptation was to say at the hair— manikins . Edward Becker (1973) , at t he  Naval  Aero —
line , but that , unfor tunately , can be too mislead— space Medical Research Labora tory , has show n tha t

- fag.) The positive principal z—axis , th e r e f o r e, for adult male cadavers, at least , there is only a
exi ts the head approximately through the mouth, relatively small variability in the location of the

head’s center of amass about a mean value of 13 mm
in the +x—djrection sincl 21 mm in the —z—direction
from the ear hole and midway between the ears.

3
Preci se anthropomet rid terminology exists for all
locations mentioned ; it can be obtained from the Techniques Used to Estimate Joint Locations

author. It is felt that more connn mnuo n , albeit less The body segments in the ATB Model are con—
precise, terminology is more appropriate for this nected at joints to form the total body. The loca—
paper. Lion of each segment ’s joints must be defined with
4
The cut—planes between the head and neck defining respec t to the segment ’s pr inc iple axes conrdinate

the head segmen t are spec i f i ed  in Chandler , et al system. In general, the segmen t ’s cut—planes are
(1975). 
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so defined that Lhu e tr centroids are  the  j o i n t  S p e c i f i c a t i o n  of the help j o i n t  locat ions re—
loci .~~ Theref ore, the inert is c o m ; ’u t a r  ton process quires  1-hue geometr ic  mode l of thee  l os er  torso  aced
‘ou tlined above prov ides  1-hue r ’ ~~s~c r /  h a —  thee an throp omet r ic  measur ec ;:cneL .s bispinous bread th
formation to determ ine th e joint loec eti ons. h ow— (the point of the hip bone in the lower abdomen),
ever , there are accru e exeeptiol s. The head—neck whiche is used to compute the y—coerdinate (bispi—
joint is located at the m i d - p  j u t  of 1-hue line con— nous breadthf2), the trochuanterlon h c - i e c t  (the hol—
nec ting the mastoid~ (thee bone behind the ear), low on thee side of the hip), which is used to com—
To locate  th i s  po i at  wit bu respe-c t to tine head ’s pute 1-hue z— c o o r d in at e  ( I n  the  g e o m e t r i c  model ca l—
center of tease., ee nt he ro b- crem. - t r i c  da t a  m u s t  be ava i l— cu la t ions , the cen te r  of mass is defined with re—
ab le  r ela t ing  the c~~e c t o r  of mass to 1-ne mastoid, . . spect to thee top end—plane  cen t r o i d .  Knowledge of
The neck model ing  p rocedure  prov ided  i n f o r m a t i o n  the ve r t i ca l  d is tance  f rom the e n d — p l a n e , which is
on the jo in t ’s loca t ion  in 1-lie neck . the i l ioc r i sn,a l e  hei ght ( t h e e  very  top of the  h ip

bone) , to the trochanterion is enough to d e f i n e  the
The neck has a second j o i n t , the upper  torso— z— c o o r d i n a t e . ) ,  and the  t r o c h a n t cr i o n— t o — s e a t — b a c k

neck joint. Assuming that in, is located the same distance , which is used to compute the x—coordi—
distance f rom the back of the neck as the icead—neck na te .
jo in t , the coo rd ina t es  of t h i s  j o i n t  in the  neck
can be ob ta inued  f rom 1-hue neck model ing proce- lure .  Techni ques Used to Es t imate  Segment Contac t  E l l i p—
The coordina tes  of 1-lee j o i n t  w i 1 - h u  respect to the ’ acids
cemitroid of the c u t — p l a n e  between thu e neck and up— The su r faces  of the body model are described
per torso cane also be determined . These coordi— by the surfaces of ellipsoidal shapes for individ—
natos can be t r a n s f e r r e d  to the upper torso to pro— ual body segments. The present  s t a t e — o f — t h e — a r tvide the j o i n t ’s loca t ion  in the upper  torso,  provides no a lgor i thm for  g e n e r a t i n g  the dimensions

of these contact  e l l ipsoids ;  instead , the fo l lowing  -The shoulder jo ints  are located using values Set of heur i s t ics  is o f f e r e d . But f i r s t  i t  shuouldf rom thee upper  arm and upper torso models .  The be pointed  out that  the segment Iner t ia  el l i psoidsjoin t is assumed to be o n e — t h u i r d  of the d i s t ance are independent  of the contact  e l l ipsoids. Thefrom the top of the  shoulder  (acromion)  to the arm object ive  of the contact  e l l i p s o i d  construction ispit  (ax illa ) , measured fo rm the  acromiou c .  (This to provide a sur face  descr ip t ion  for  contac t  fo rcef r a c t i o n  is the sub jc ’c t  of some c o n t r o v e r s y . )  Dc— i n t e rac t ions  and to genera te  a represen ta t ive  bodyt a i l e .  for  loca t ing  the  j o in t  given the anthropo— shape fo r  graphic d isp lay .me tr i c  data  on thee upper  arm and upper  torso are
prov ided in Leet (l978b) . The technique used is to work f r om side and

f ron t  view photographs of a person rep resen ta t ive  - —

The upper torso—mid to r so  and mid torso—lower of the  class of individuals being modeled . Thisto so j o i n t  l e c r et i or ~ cure coce p eut o c i  using a for !nitela person sh ould be in this standard siitin~ pos i t io rc :
developed by Lb and .~i cks t rom (1973) .  Wi th  the the head is or ien ted  in the  F r a n k f o rt  plane , the-s tandard local reference axis system hav ing  the
pos i t ive  x— a x i i  f o r war d , the positive y—axls to the 

upper arms are ver t ica l  w i th  the  palms in , the low-
er arms are hor izon ta l , the back is s t r a i g h t , the

righ t , and the positive z—axis down , the distance upper legs are ho r i zon ta l , the lower legs are ver—
in the — x — d i r e c t i o n  f r o m  the cen te r  of mass is tical , and the  fee t  are  f l a t  on 1-he floor. The ob—given by 

~o + 0 i (W / H * Y ) ) ,  where  a0 and a1 are j ec tive  here is to position the axes of the body
regression coefficients computed by the authors for segments parallel to the body reference axes. The
each ver tebra l  level , W is thee body weight , H is ou t l ine of the body shou ld be clearly vi sible in
1-he body helgbc t , and Y is the width of the body at the pho tographs , and scales close to the body mid—thee joint location, planes should be inc luded. The conditions were m et

The upper  to r so—mid  torso j o i n t  is located a t in the Young manikin da t a .
about the level of the Ti v r tebr ee . The — x—di s—
tanc’ e can be computed by averaging thee values ob— The body o u t l i n e  and scale are traced on
Lam ed f r o m  the Liu and W i c k s t r o m  fo rmu la  for the graph paper.  The segment cot-planes are dm aur n on
‘16 , Ti , and T8 ve r t e b r a e .  The ma id torso—lower tor— these figures, along wi tic the segment pr inc ipal .
so joint is located (ct about the level of the L3 axes at the  center o,f mass.  At the  present  t ime
ver tebra .  The — x — d l s t a n s e can he computed by aver— the contact  el l ipsoid semiaxes are assumed to be
a g i n g  ti c c values  o b t a i n e d  f rom tic , ’  Liu and W i c k —  or iented  pa ra l l e l  to the segment pr inci pal axes —

Strom fo rmula  f o r  the  13, L3 , and L4 ver tebrae .  To (The Al’S Model program has the op t ion  of r eo r i en t—
comp lete the c o o r d i n a t e  d e f i n i t i o n s : the y -coordi— j og thee contact el l ipsoid semiaxes , bu t  in thee pre-
Dates for both oints cure zero; the z— coord ina tes  sent Study th is  reorientation was not required.).
can he obtained from the geometric models of the The intersections of thu e segment principal axes
segments. with the extreme edges of the segment are used ,

along wi th a compass , to locate a first estimate of
thee contact ellipsoid origins . The coordinates of
the or ig ins  wi th respec t to the segme nt pr in c ip al  --

5
1t is recognized theat there is a continuing con— 

axes and the senculaxes lengths are supplied to 1-hue
ATB Model program . This program is run for zero

troversy over rules 1-heat locate joints from cx— simulation time , fol l owed by a body ellipsoid out—
ternal landmarks. Th is Issue can not be addressed line plot program to obtain plots of the initial
in this short sumunu -iry; the e “en;ulta in this paper posi tion of the total body in its environment. In—( reflect flue latest thui rru king. apection of there plots usually suggested adjeust—
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men ts to the contact elli psoid dimensions or origin 3. If the model Includes a right elliptical
locatione;. solid:

a. Identif y thee proximal , mid , and dis—
There Is a defini te “art ” to these h e u r i s — tal planes

tics. Fur thermore , the Iteractive process con— b. Determine thee semtaxcs for these
ausea a comparatively large amount of computer re— planes and thee distances between
sources and time. Ticerefore , conu tcec t elli psoid flees
determination is a prime c;endid .ete for future pro-
cedural improvements. 

c. Determine the density
d. Run HISEC2

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
4. For each simply—transected elliptical

Orientation cyl ind er :
a. Determine thee base semiaxes and

The body orientation in thee environment is
defi ned in the ATh Model program by specif ying 1-lee 

heigh t
b. Run the program “Simply—Trcenat’cted

orientation of thce segme nt prlnclp .cl axes with re— Ellip tical Cylinders .”
speet to an i n e r t i a l  r e f e r e n c e  sv s tr ’ m and 1-he loca-
tion of the lower torso segment ’s center of mass. 5. Combine the inhhvidu al segment inertia

This is a straightforward procedure and is present— properties using the program “Parallel Axis Theo—

ed in d e t a i l  inn Leet ~~978b). 
remne .”

6. Obtain the segment principal moments and
Two cc’ordinate systems Dust be defined for direction cosine matrix using an available t-igen —

each joint , one in each segment associated with the value and elgenvec tor program.
joint. Their relative orientations are used to
determine the torque net the Joint. A manual proce— Step 2 requires 1-beat local coordinate sys—
dure used for thee theree— and six—year—old—child teDs be defined for cache part of the segment. It
da ta luSts , one that sets thee usual Initial condi-
tion of zero joint torque’, is descr i b e d  in  de tai l  

is helpful to orient tlee segment to the rest of

in Leet (l978b). 
the bod y by defining proxi mal and dista l c-reds for
the segment as a whole and for each of its parts ,
wi th the distal end being furthest from the head.
Assuming each pert has a proxima l end—plane , the

3. TECHNIQUES UNDER DEVELOPMENT origins of the  local coord ina te  syeetenn ee can be lo-
cated at thee proximal end—plane centroids ; otlee’r—

‘tw o new geom-tric models are now under dc— wise , thee origin can be located at the distal end—

velopment that sieouid eci gmul ficant ly Increase the  plane ce n t r o i d .  By convention , the orientation of

accuracy  of thee l ot- , t i d e  c a l c u l ;e t a o n t u . One of these a segmen t ’s positive s—axis is a l o ng  th e .  rylind—

is a general  segment  model  l eav ing  up to three n eal a x i s , fr o m  the p rox ima l end to th ee d l e , t a l
par ts .  Onc ’ of these ’ p a r t s  is  thee homogeneous r i g hu t  end. The p o s .t i vc  o r i e n t a t i o n  of a segment ’s y—
ell iptical solid deacnjbe d earlier . The other axis should bu r igh t  l a t e r a l  (out thee righut side).

p a r t s  cur ’ ,- homogeneous s i m p l y — t r a n s e c te’d e l l i p t i c a l  I t  fol lows t h a t  the posi ti ve orie nt a t ion of a seg—
cylinders. A slmp ly—tr;cmiae’cted elliptical cylinde- r mon t ’s x—axis should be anterior (out time front).

is an el liptical cylinder that teas been cut dia-
gonally from the edge of one end—plane to thee oppo— We have developed closed—form expressions

site edge of thee other end—plane. In addition , ~~ 
for the inertia properties of the simply—tra nsect—

a c o o r d i n a t e  system is d e f i n e d  w i t h  thee Z ’ - rex[S  ed e l l i p t i c a l  c y l i n d e r  t h a t  form the basis for  thee

passing th rough thee’ ce’ntro tds of the ’  crud—planes , compu ter program mentioned i n  Step 4b. The mathe—
the cut—plane is parallel to either tint, x—axls or ma t ical man ipu l a t ions ‘Invalved were not particu—

the y—axi s. Tleere can be one simply-’transected Jarly d i f f i c u l t , but there were numerous opportu—

el lip tical cylinder at each end of thece righet ellip— nities for sign and constant manipulation errors.

tics! solid. Therefore, thee mathematical results amid program
will not be released until samp e- calcul ations are

The basic procedure for computing the iner— independ ently verified by a computer program simi—

tial properties of a body segment using this model lsr in concep t to M1SEC2 .
is:

The “Parallel Axis Theorem” program in Step
1. Select one of the f o l l o w i n g  models:  s has be~ nu docume-nted in Leet (l978d) and is

a. Ri ght  e l l i p t i c a l  s o l i d  a v a i l a b l e .
b. Simply— transeu -ted ell iptical cylinder
c. Rigiet ellIpt I c- e el solid wi tbe a simply— The other new geometric model under develop—

transected elli pt ical c y l i n d e r  a t one me~~ is a model of the ’ nec.k segment. Thee neck st-g--

end ment is a complex shape . There are two c u t — p l a n e s

d. Righ t e l l i p t i c a l  so l id  w i t h  s i m p l y —  between the hu c ad and the  n e c k :  one is p a r a l l e l  to

1-rannec ted ell i p t ica l c y lin d e r s a t the F r n n k f o r t  p l a n e ,  pass ing  f rom the  back of t he

each end head along the  base of thee skul l  1- o s  po in t  j u s t
behind the ear; the otlwr ts parallel to the body

2. Def ine  the  local  coo rd ina t e  system for re fe rence  y — n x l s  and runs f rom the point just be—
each par t and a coordinate systes for 1-he segment 

- 

hind the ear tangent to the upper portion of thee
model ace a whole. Adam ’s app le and out the front of the neck. The  
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cut—p lan e b e t w e e n  th ee  neck and 1-lie upper  torso  is a l ready  developed requi re  some new an thropome t nic
p a r a l l e l  1- c,  th ee body n e l e ’ c c n c c e ’  y— a x t s  and passes measurements. We h ave been work ing  c lose ly  w i t h
th roug h the  ver 1-ebr d  l a n d mar k  a t  t Im e  lower back of experts  in these f ie l d s  to insure  t h a t  thee desired
the neck ca l led  thee cerv i cce l e  and i p o i n t  j u s t  measuree leents are  practical and appropriately de—
above where the two c o l l a r  bone ’s swee t ( t i c ~ supra— fined. Second , I f  more accura te geome tr ic  models
s te rna le) . of body segments are required , improvement  w i l l

most l i k e l y  be made by defining density distribu—
The neck model  is compr i sed  of th er e e  homoge— tions w i t h i n  segments .  No such da ta  cu rren t ly

neous p a r t s :  two s l s p ly — t e a n se c t e ’d  e l l i p t i c a l  ex i s t .  
-

semicyli muders on Lop of a right elliptical cylind— ‘ —

en . A semicylinder is a cylinder that has been
ACKNOWI.EDCMENTSbisected along i t s  long, or s—axis , thee cut—plane

being parallel to either 1-lie x— on y — a x i s .  ‘ S i m p l y —
The research reported in this paper covers

transected” means that the semicylinder is 1-ran—
work performed under cc,ntraets F33615—75—C—5054 and
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