
Report No. UMTRl-83-2 j 

iilipsoidal Man P l o t t i n g  Package f o r  M V M A  2-0 
a n d  c V S  ( H S  R I  Ve r s  ion )  Occupan t Mot i on Mode 1 s . 

F i  na 1 Report .  Con t rac t  DTNHZ~-82-A-07046 

? repared by : 

R. J .  Lehrnan, R. 0. Bennet t ,  D. H .  Roobi ns 
T r a n s p o r t a t i o n  Research I n s t i t u t e  
I n s t i t u t e  o f  Science and Technology 
U n i v e r s i t y  o f  ~Mich igan 
Ann A rbo r ,  M ich igan  48109 

? repared f o r :  

U. S.  Depar t ren t  o f  T ranspo r t a t  i on  
N a t i o n a l  Highway T r a f f i c  Safety  A d n i n i s t  r a t i o n  
Washington, O . C .  213590 

Date : 

June I S ,  1983 



NOT l CE 

T h i s  document i s  d i s s e m i n a t e d  under  t h e  s p o n s o r s h i p  o f  t h e  Department  o f  
T r a n s p o r t a t i o n  i n  t h e  i n t e r e s t  o f  i n f o r m a t i o n  exchange. The 3 n i i e d  S t a t e s  
Government assumes no  l i a b i  i i t v  f o r  t h e  c o n t e n t s  o r  use t h e r c o f .  



1. Reporr No. 1 2. Government Accession No. 1 3. Recipient's Catalog S o .  I 

1 t 

4. Title and Subtitle 1 5. Report Dare 

7. Author(s) 

R. J. Lehman, R. 0. B e n n e t t ,  D. H .  Robbins 

U. S .  Department  o f  T r a n s p o r t a t  i o n  I June 1582 - June 1933 

020027 
8. Performing Organlzat~on Report S o .  

UMTR I - 83-27 
1 

N a t i o n a l  Highway T r a f f i c  S a f e t y  A d m i n i s t  r a t i o n  
Wash ington,  D . C .  20590 

9. Periorning Organization Name and Address 
T r a n s p o r t a t  i o n  Research l n s t  i t u t e  
l n s t  i t u t e  o f  Sc ience  and Techno logy  
U n i v e r s i t y  o f  M i c h i g a n  
Ann A r b o r ,  M i c h i g a n  48109 

l ? .  Sponsor~ng Agency Namdand Address 

14. Sponsonng Agency Code c 

10. Work U n ~ t  KO. 

11. Contract or Grant N O .  

DTNH22- 82-A-07046 

13. Type of Report and Pe:iod Covered 

F i n a l  

16. Abstract 

A g r a p h i c s  p l o t t i n g  r o u t i n e  has been deve loped  f o r  use ' w i t h  b o t h  t h e  MVMA 2-D 
and CAL/HSRI 3 - 9  o c c u p s n t / p e d e s t r i a n  dynamic s i m u l a t i o n s .  The E l l i p s o i d a l  Man 
P l c t t i n g  Package makes up t~ t h r e e  v iews f o r  sac5 t I ~ e  p o i n r  f rom reco rded  , ~ , o d e l  
da ta .  The v iews as each a  u s e r - s p e c i f i s d  r e g i o n  o f  an o r t h o s r a p h i c  p r o j e c t i o n  o f  
t h e  t h r e e  d imens iona l  o c c u p a n t - v e h i c l e  s i t u a t i o n  c n t c  a  d s e r - s p e c i f i e d  ? lane .  Us5r 
i n f o r n a t i o n  and examples a r e  g i v e n .  

18. Distrlbuuon Statement 

Crash V i c t i m  S i m u l a t i o n  
C o n ~ u t e r  mode l i ng  
Occuoant S i m u l a t i o n s  

I 

19. Secur~ry Chsslf.(ot this report) 

None None 

20. Secur~ty Clasaf . (of  this page) 

I 
2rm DOT F 1700.7 ( 8 -69 )  

21. ?lo. o[ Pages 22. R ~ c e  



TABLE O F  CONTEKTS 

2 . 2  User input . . . . . . . . . . . . . . . . . . . . . . 

3 . 2  V i e w i n g  M a t r i x  S e l e c t i c n  . . . . . . . . . . . . . . . 

1 THE STANDA3S TRANSFCRMAT12N . . . . . . . . . . . . . 



. 
1 . E f f e c t i v e  ?otatisn and i r a n s l a : i o n  Tabie . . . . . . . . .  

Al . I n p u t  i i i e  L a y o u t  f o r  Header Reco rds  . . . . . . . . . . .  

A . i n p ~ r  F i l e  L a y o u t  f o r  T i m e  ' o ; n i  2 e c o r d s  . . . . . . . . .  



L IST  O F  FIGURES 

Pa a c - 
1ntroauc :o ry  D i a l o g u e ,  Sc reen  ? . . . . . . . . . . . . . . 4 

! n t r o d u c : c r y  D i a l o g u e ,  S c r e e n  2 and Menu S c r e e n  1 . . . . . 5 

Menu Sc reen  2 . . . . . . . . . . . . . . . . . . . . . . . 7 

Menu Sc reec  j . . . . . . . . . . . . . . . . . . . . . . . 8 

M V M A 2 - C M a i n M e n u  . . . , . . . . . . . . . . . . . . . .  10 

CAL/HSAI 3-D M a i n  Menu . . . . . . , . . . . . . . . . . . 1 1  

Change A x i s  S c r e e n  . . . . . . . . . . . . . . . . . . . . 1 3  

Change V i e w i n s  M a t r i x  S c r e e n  , . . . . . . . . . . . . . . 14 

MVMA 2 - 9  Sea red  O c c u c a n t  i n  ,Ycae; V e h i c i o  C a o r 6 ; n a t e s  . . . 17 

Same Cccupan t  Seen I n  More  t a n v e r i e n t  C o o r d i n a t e s  . . . . .' 18 

Same Cccupan t  W i t h  Expanded S c a i e  . . . . . . . . . . . . . 19 

E f f e c t  c i  S t a n a a r d  T r a n s f o r m a t i o n  . . . . . . . . . . . . . 2 1 

The V i e w i n g  P o i n t  i n  S p h e r i c a l  C o o r d i n a t e s  ? e i a t i v e  t o  2 3 
S t a n c a r d  System . . . . . . . . . . . . . . . . . . . . . . 
CVS-30 3edes : r ian  F r o n t ,  V e n i c l e  S i d e  V i e k  a t  t = 0  . . . . 2 7 

CVS-3C P e d e s t r i a n  S i d e ,  V e h i c l e  F r o n t  V iew :t t = C . . . . 2 8 

CVS-jD p e d e s t r i a n  Skew  vie^ a t  t = C . . . . . . . . . . . 2 9 

r *  - ,Jb-JD = e d s s t r i a z  F r o n t ,  V e h i c l e  S i d e  View a t  1 = 5 0  msec . 3 0 

C V S - 3 D  ? ~ t e s : r  ; a n  S i d e ,  V e h i c l e  f ron:  View a t  t = 5 2  msec . 3 I 

CVS-30 ?eaes : r i an  Skew V iew a t  t = j O  msec . . . . . . . . 3 2 

C V S - j D  ?edes r ; i an  ' r o n t ,  V e h i c l e  S i d e  View a t  t = 99 msec . 3 3 

CVS-39 ' e d e s t r i a n  S i d e ,  V e n i c l e  Crsn t  V i e k  a i  : = i C O  R S ~ C  3 1 

t V S - j D  = ~ , a e s t ; i a n  Skew 'Jiew ac t = 100 msec : E n l a r g e d ?  . . 3 ;  

C'JS-3Q > e d e s t r i a n  S k e w  V i e w  a; i O O  ns . . . . . . . . . . , 3 ,; 



P a~ - 
2 4 .  Relationship between S ,  I ,  V ,  and N S y s t e m s  . . . . . , . . 3 9 

2 5 .  The Shaaow E l ? i p s e  i n  t h e  Viewin;  P l a n e  . . . . . . . . . . 4 1 



A g r a ~ n i c s  p l c t : i n g  rcu : l>e  nas  zsen  d e v o i 2 3 e d  'or use  d i t h  b g t ?  

t r re  MVMA 2 - Z  and C A L , / H S ? i  3 - 2  o c c z ~ a r t  ' a e d c s r r  i an dynamic  s i m z i a t  : c r s  - 9 ( 2  : n e  E l  ! i p s o i c a 1  Mar ?lc:tin~ >ac l iage  n a k e s  u~ t o  r n r t e  : ) i e w s  = o r  
- 

each  : i g e  c c i n t  i :oe r;corcec mooel  ~ 3 ; ' .  h e  v i e w s  a r z  eat,? a  u s e r -  

s p e c i f i e d  r p , s l c n  o f  ar: c i r :hocra?ni:  ~ r , ; j e c t  i o n  o f  t n e  :? fee  c imens  i c n  

o c c u p a n t - v e h i c i e  s l t u a : i o n  o ? , ~ o  a  c s e r - s a e c : i i e a  p l a n e .  

Se:t :cn 2 b e s c r i b e s  che  i n : o r ~ : t i , , ~ t  d i a i o g u e  i n  w n i c n  sne  use r  
. .. s J e c i r t e s  I n s t r : c r : o c s  ts :he p r3g ram.  S5::Ion 3 = : S C L S S ~ S  :ow :C  

s p e c :  f v  t h e  " r :anaard i r a n s f o r m a : i o n ! '  :nat:i x snc t h e  ' "~ iewin. ; "  m a t r  i;i, 

~ h ; c h  a r e  i , ~ c u t  d c r i . ? g  t n e  d i a i o s u e  5es:r iSed i n  S e c r i o n  2 .  S e c r l o n  i 

presen;s a  scrnrnary o f  :ne a ~ a i y s i s  usst:! :o a c h i e v e  :ne i e c e s s a r y  
- ,  c o o r i i n a ~ e  r r 3 c s f 3 r n = : i o n s  a r c  t q e  2 - t n ~ g r a p n i c  ~ r s j e c t i o n .  ~ n e  

A z o e n c i x  c z n t a l n s  a s ~ e c i f i c a t i o 7  3 f  ;?e i n f o r m a r i o n  . - o ro rgee  D Y  t h e  

~ c d e l s  f o r  u s e  s y  tke  E l  l i = s o i t a ;  Man > ; o t t : n c  ' x k z g e .  



2.0  U S E R  DIALOGUE 

The i n t e r a c t i v e  p l o t t i n g  program slakes use s f  a f i l e  o f  c h a r a c t e r -  

f o r m  o o s i t i o n  d a t a  { g e n e r a t e d  by t h e  CA!/HfRI-3G 3: M V M R - 2 D  m o d e l ) .  

These o a t a  i n c l u d e  b o t h  f i x e d  and v a r i a b l e  i t ems  and a r e  d e s c r i b e d  i n  

t h e  Append ix .  The u s e r  t e l l s  t h e  program what  t o  do w i t n  t h e s e  d a t a  

t h r o u g h  responses t o  a  s e r i e s  o f  ques;ions and prompts  f r o m  t h e  progrsm.  

The c u r r e n t  i n t e r a c t i v e - v i d e c  d i s ~ l a y  v e r s i o n  c f  t n e  p l o t t i n g  

package v a r i e s  f rom t n e  fo rmer  oa tch-oaper  v e r s i o n  ' I  s e v e r a '  ways. 

Most  n c t a k l e  among them a r e :  

1 .  The i n t e r m e d i a t e  o o s i t i c n a i  a a t a  f i l e  i s  i n  c n a r a c t e r  'orm 

- a t h e r  t n a n  b i n a r y  fo rm.  T n i s  was done t o  a l l o ~  t n e  MtAUT0 FTN (10 
- e m -  

charac:er/SO b i  t word) ana X i 0  (4 c n a r a c t e r / w o r c )  l 2 A N  c o n o i  l e r s  t o  

be used e f f i c i e n i l y .  (The model i t s e l f  was t o o  ; a r g t  t~ 5e r u n  under 

X F O ,  and t h e  PLOT-I0 oackage was o n l y  a v a i l a ~ l e  i n  tna:  v e r s i o n ) .  

2 User c o n t r o l s  ccrne th rough  an i n t e r a c t i v e  d i a l 2 5  r a t h e r  tnan a  

s e t  o f  c o m p l e t e l y  i o r n a t t e d  c o n t r o l  c a r d s .  

3 .  Some o p t i o n s  a v a i l a b l e  i n  t h e  b a t c h  v e r s i o n  nave been drooped 

f r m  t n e  i n t e r a c t i v e  v e r s i o n .  These i n c i b d e :  t a b u l a r  l i s t i n g  O F  t i : i e s  

and l a b e l s ;  p i o t t i n g  o f  d e t a i i e d  f e a t u r e s  m a r ~ i n g  e i l i p s o i d  c e n t e r  

;oin:s w i t h  an a i p h a o e i i c  a e s c r i p t o r ;  and t n e  o p t i o n  t c  o v e r i a y  a i i  t i m e  

p o i n t s  o n  one p l c t .  I t  was f e l t  tha: t hese  f a c ;  ! i t ; e s ,  k h i l e  p o s s i b l y  

u s e f u l  on  a  paper p l o t ,  a r e  o f  l i m i t e d  v a l u e  o  a  v i c e 0  d i s ~ l a y  w h i i e  

s e v e r e l y  c o n f u s i n g  t h e  C?,T image. 

4 .  Some new c p t i o n s  have Deen made a v a i l a b i e  t o  a i c  i n t e r a c z i v e  

a1ot : ing:  t h e  user  can a d j u s t  t n e  p l o t  s c a l e s  and r o t a t i o n  w i t h i n  :>e 

p roc ram t 3  o r ~ d u c e  more m e a n i n g f ~ l  z r  a t t r a c t i v e  p l a t s .  

j ,  lmcroved " c l  i a c i  nc . '  nas aeen acn i  eve6 znrougn zne use o f  

PL3T-10 r o u t i n e s .  

6 .  T+e o v e r a l l  forma: oL  t h e  c i s s l a y  has been s::erea, w i t ~ o u t  

l o s s  o f  i r f z r m a t i o n .  

- 
I n e  program exgec:s L C  ' I ~ C  2 sequenceo, ior-na::ec f ;  ; e  = f  

. . cos ; : ; cna l  a a t a  as t h e  D a s : s  :cr  slotting. T h i s  f i l s  i s  u s e r - s ~ e z i " e d  



- 
ant w i l l  be i n t e r q a l i y  a s s i g n e c  :J u n i t  1 .  l n e  u s e r  k i l l  b e  p r o m o t e d  

f o r  t h e  f i l e  name a u r i n g  t h e  i n t r o d u c t o r y  d i a l o g u e .  The A p p e ~ d i x  

d = s c - i o e s  t n e  f o r m a t  f o r  t n i s  f i l e .  N o t e  :hat w h i l e  t i l i e s  ana l a c e i s  

a r c  no l o n g e r  ? l o t t e d ,  t n e v  a r e  s i i l  l wr;::en L O  t h e  d a t a  f i l e  :a 

m a ~ ~ t a i ?  c o r n ~ a z i o i  l i t y  w i t h  p r e v i o c s  v e r s i o n s  o f  :ne ~ i o t  o r o g r s m .  

2 . 2  U S E R  I N P U T  

As n e n t i o n e c  a b c v e ,  t h e  u s e r  e n t e r s  p i o L E i n 5  parameTers  c u r i n g  an 
. . .  , - 
! n ~ r ~ a l ~ z z : i s n  a i a i s p u e .  [ h e  rema inde :  o f  " L F I S  ' sec: ian w i l i  shsw ;?ese 

arornDts.  

The f i r s t  two q u e s t i o n s  ( F i g u r e  1) asic The use: t o  i d e n t i f y  I n e  

T e k t y o n i x  t e r m i n a l  t y p e  and  :he d a t a  t r a n s m i s s i o n  r a t e  z s e d .  The 

P l o t - 1 0  s y s t e m  needs  z h i s  i n f o r m a t i o n  t o  c r i v e  the  c e r n i n a i  p r o p e r l y .  

( N o t e :  a l l  d e v e l o p m e n t  and  t e s t i n s  have  been  done u s i n s  a  33 c h a r a c t e r /  

s e c o n d ,  T431G s i m u l a t o r ) .  

Menu Sc reen  1 :  

A f t e r  an i n t r o c u c t c r y  : i ~ l e ,  t h e  u s e r  i s  asdea d h i c n  s imu1 : i i cn  

t y p e  i s  w a n t e d .  I f  :he c h o i c e  i s  I 1 M V M A : 2 - O H ,  o n l y  one v i e w  o f  t b e  aaxa  

w i i i  oe shown. I f  t h e  c h o i c e  i s  "CVS:J-a", up  Lo t n - e e  v i e w s  may b e  

a i s ~ l a y e d .  

T h i s  i s  i o i l o w e d  by  a  d e s c r i p t [ c n  o f  t h e  f c r 7  c f  :he r e m a i ~ i n g  

aues: ions,  and i n s t r u c t i o n s  c o n c e r n i n g  a e f a u l t s .  The o t h e r  i t e m s  o n  

:h is  s c r e e n  a r e :  

"TAKE ALL DECAULTS?" T n i s  s h o ~ l d  o n l y  be  assumes " Y "  \when a  C U ~ C K  

iook a: t h e  f i r s t  p l o ~  o i  a  r u n  i s  a e s ' r e d ,  because  same a e i a u l i s ,  sucn  

as t i m i n g  and p l c t  : i : les ,  wi  i 1 p o t  ao:) ly t s  a c t u a i  d2La u s e d .  

"PLgT PANELS?" and "?LOT Z E l - S ? "  The ; e f a ~ : ;  ' z ;  t n e s e  a r e  I 1 y " ,  

: f  F r e s e n t  (and  i f  s e i e c t e d )  t n e y  w i l l  b e  p l o t t e d .  

" R E A D  I N  STANDARD TRANSiORMATION 'AtATR!X1" i f  t n e  u s e r  a e s i r e s  t 3  

a l c e r  :he s t a n d a r d  m a t r i x ,  t h e  r e s p o n s e  s h o c i d  5e "Y". T h i s  m a t r i x  

changes  :he model  d a t a  befa:? i t  i s  s t o r e d .  U n t i i  e x p e r i e n c e  i s  g a i n e d  

N:::, :h is  Dragram,  ;ne c e f a u i t  ; i d e n t : t : y )  na ; r i x  sho i r i a  3e u s e d .  ;See 

Sec:;on 3 f o r  an  e x t o n c e d  a l s c u s s i c n  cf t h e  s r a n a a r a  : r a a n s f g r m z t i o n  a?C 

i  eba i n,n 7a;r i ces )  . 





c-a .r --- 
--L. 

LdtL 7- - - ..- f u r  



Menu S c r e e n  2 :  

"VIEWING tC !ORD!NATE SYSTEPi." Tna u s e r  ncs: s e l e c t  f r s m  t h r e e  

p o s s i b l e  v i e w i n s  s y s t e m s :  I n e r t i a l  ( o u t s i a e  :he a c t i o n ) ;  V e h i c l e  

( c o n n e c t e d  t o  t h e  v e h i c i e  f r a m e ) ;  o r  e i r a m e  d s f l n e c  b y  a  p a r t i c u l a r  

bocy  segment .  

" . . .ACTUAL VALUES F O R  T IME. .  . "  "' ~ n e  i i n s ,  i n  s e c o n d s ,  o f  t h e  s t a r t  

o f  t h e  p i o t  sequence ,  ;ne l a s t  ? l o t ,  and t h e  in :erva l  be tween  = l o t s  

s n o u l c  b e  e n t e r e d .  T h e s e  v a i u e s  a r e  :,red t o  genera:? t n c  t i m e  \ ! t i ~ e  
f .- w n i c h  apDears  an t h e  s c a t u s  s c r e e n .  h n e  ~ l n e  a i s s i a y e c  o n  :?e ? \ s t  

i t s e l f  comes d i r e c t l y  from r h e  d a t a  f i i e . )  

' I  . . .  X , Y , Z  O F  S T A N D A R D  OQiGIN . . . I i  T h i s  i c ~ m  r e z u e s t s  t h e  

c o o r d i n a t e s  o f  t h e  o r i g l n  o f  ;he ? l o t .  I f  o f f se : s  a r e  qeeded 'pen :ne 

s t a n d a r d  (0 .0 ,  C . O ,  0.0) o r i c i n ,  :hey mus t  be  e r ; r = rec  h e r e .  

Menu S c r e e n  3 :  

Fo r  each  v i e w  c h o s e n  (one f o r  M V ! ? A : ? - 3 ,  u ?  : t n r e e  f ~ r  t \ / S : j - : : ,  

:ne u s e r  i s  p r o m o t e c  f o r  a  c o s i r e  m a t r i x  a e f i n i n c  t h e  v i e w i n s  sys: tn .  

S e c t i o n  3 c o n t a i n s  f i g u r e s  w h i c h  show :he e f f e c t  oc a l t e r i n s  t n e  v i e w i n g  

m a t r i x .  W i t h  a z p r o p r i a t e  cnanges tb,e v i e w  c z n  35 i n v e r t e d ,  swasoes l e f r  

f o r  r i c h t ,  t h e  s e r s p e c t i v e  movec o u t  crf  lane, e t c .  !i t h e  v i e w i n g  

mat: i x chosen  i n i  t i  a  i ! y i s  unsa: i s f  ac;.ory,  i  : ':a?, oe  a c j  us  t e c  c u r  i cg  zne 

p i c t t i n g  s e s s i o n .  

" . . . X  AND Z VALUES O F  PLOT 9RIGIN ..." and "...!ENCTH O F  X A X I S  . . . "  
F o r  each  v i e w  snown, t h e  u s s r  e n t e r s  t h e  c o o r d i r , a t e  o r  ;he $ r i g i n  and 

i n e  l e n g t h  o f  :he X a x i s .  As w i t n  the: ? / i e w i n g  7 : l a i r i x ,  t h e s e  c a n  s e  
- ,  a l ~ e r e d  d u r i n g  t h e  p i o t ; i n g  s e s s i o n .  ~ n e  ' e n g t h  o f  t h e  Z a x i s  i s  

, . a u t o r n a t : c a I  I y  s e t  :s 80% o f  t p e  x ; x i s .  T i e  : i c  J a r 4  , n i e r v a i  s a i c n ~  

cne X ana Z axes a r e  :he same. 

" . . .PLOT STEP SIZE i O 2  G R A G I N G  C i i R V E S  . . . "  T k , i s  v a l u e  i s  u s e d  b y  

- :he e l l i p s e  d r a w i n g  r o u t i n e s .  i h e  1 a : ~ e r  t n e  vz:ze, t n e  c o z r s e r  t h e  

e l l i p s e  w i l i  a p o e a r ;  t h e  s z a l i e r  che v a l u e ,  cne g r e a r s r  t h e  c c m c ~ t ' n ~  

e x c e n s e .  

. . 
4 . .  ' " .  . .T ITLE KO:! '11 E W . .  . I '  F9r =ach ; ' e w ,  a  aes i ; ' ? :  v e  - ,  :1e o f  LD t o  

t w e l v e  c 2 a r a c t e r s  n a y  b e  en:eres. 
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" . . .?LOT DATA F I L E  N A M E "  The name o f  t h e  sequenced,  f o r m a t t e c  d a t a  

f i  ? e  r e f e r r e d  i o  i n  s e c t i o n  2 . 1  i s  e n t e r e d  h e r e .  

c i g u r e s  5 an6 6 a r e  :he m a i n  p l c ;  se l ec : l on  menus f o r  t h e  MVMA 2 - D  
-. 

and CVS 3-C t y p e s  o f  p l c t s ,  r e s p e c t i v e l y .  i n i s  d i s p l a y  w i l i  sapoa r  

p r i o r  t o  ;he f i r s t  p l o r  o f  a  s e r i e s ,  bu: may b o  d i s c l a v e 5  a t  any i a t e r  

t i m e  be tween  o i o t s .  The s t a t u s  l i n e s  a; ;he t o p  g i v e  ;ne f r ame  W m c e r ,  

~ i m e  and v i e w  numDer. These r e f e r  t o  t h e  ? l o ;  n o s t  r e r e n t i y  d r 3 k n .  ( I , ?  
, I  - 

t n e  examc le  i n  f i g u r e s  j anc s, ;ram= number and t i m e  a r e  b c t h  z e r c  

p r i o r  t o  :he f i r s t  d i s p l a y ,  : f  t h e  f i r s t  p i o t  i s  ? t  2 . ' ;  se:, t 5 t  

d i s p l a y  w i l l  be  unchanged  a f t e :  t h e  p l o t ) .  V iew numoer r e f e r s  t c  :he 

v i e w s  d e f i n e d  e a r l i e r .  

Frame number i s  an  i n t e g e r  numoer i n  ;+e -3nge  z 2 r o  t o  INT ( 'as : -  

p l o t  t i m e , / p l o t - i n t e r v a l ) .  I t  i s  used  wnen t n e  u s e r  ~ l s n e s  t o  ski:, 

a r o u n c  n  :he ~ l o i  f i l e  and v i e w  :ne ; i o t s  i tm  an o r ~ e -  o:her :nap :ne 

s t r i c t  s e c u e n c t  d e f i n e a  oy t J e  ~ i o t  oa:a f i ; e .  

, .  . 
These  menus a l l o w  t h e  u s e r  t o :  r e - a i j ; a y  t n e  same ~ i o :  d a i s  wi:h 

a  d i f f e r e n ;  v i e w  ( i f  d e f i n e d ) ;  change s c a l e s  o r  \ l iew; , - ,9  Z a t r i x ;  d i s p l a y  

:he menu a g a i n ,  o r  q u i t ,  Tne b c t t o r n  l i n e  o f  :ne menu c i s p i a y  I s  an 

a b b r e v i a t e d  v e r s i o n  o f  t h e  sane menu: wnen : L  aDpears ,  t h e  p r 3 g r a T  I s  

r e a d y  f o r  :he u s e r ' s  n e x t  se1ec: ion. I: a c p e a r s  no: s n i y  on t n e  menL 

s c r e e n s  b u t  a l s o  O R  t h e  p l c t  s c r e e n .  Thus ,  r n e  " s e r  ?,ever neec  c i s 3 l a y  

The menu i n  f u l l  a f t e r  he has seen  i t  once.  (0: c c u r s e ,  i t  may 

d i s o l a y e d  a t  any t i m e  b y  s e l e c t i n g  ",U," - t h e  Menu o c t i c n . )  

S o e c i f i c  menu i t e m s  a r e :  

i. . SAME PLOT A G A  i N  (Iq,\/MA:;D v e r s i o n )  

'4 i E W  i 2  (FRONT;  35 S A M E  'LOT 

Tnese  a r e  i n t e r c r o t e d  s : r a i ~ n : f o r h a r d ? y :  :he szne  c a z s  d n i c n  Drzc,cez 

:he ids:  ? l o t  h ;  I1 be  usea  :G c r o a u c e  t he  n e z t  ~ l c t .  
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T h i s  i s  a  r e 1 2 t i v e  Tovement  command. An i n ~ e ~ "  5 '-cm f r ame  n m o e :  ! O  

w o u l d  d i s ~ l a y  f r ame  15 n e x t ,  and a  - j  f r o m  f r a ~ e  n u m e r  1 C  w i l i  d i s c l a v  

i F a m e  j. A l l  o t h e r  Dara rne t2 rs  a r e  cnchanges .  A t t e n o Z s  t o  310: pas: 

e i t n e r  end o f  t h e  a a i a  f i l e  w i l l  be t r a p p e o  anc t n e  q o i ~ t e r  r e t u r n e a  t o  

f r ame  z e r s .  

J$: d 2 M P  TC 4ESCLU'E FRAME N U M B E R . . ,  

As s t a t e d ,  : h i s  i s  an a b s o i u t e  movemen: command. A J j  f r s m  f r z m e  number 

10 w o c l d  d i s ~ l a y  f r a m e  nunbe r  j n e x t .  O t h e w i s e  i: i s  l i k e  t b e  r e l a t i v e  

jumo comrnanc. (VOTE: N O  ~1 anks  be tween t n e  "J "  ana t o e  numoer .: 

X :  C k l A N G E  4 x 1 8  S C A L E S  

T h i s  command a l l o w s  t h e  u s e r  t o  a l t e r  t h e  axes  t o  expanc,  w indow,  c e p t e -  

t h e  v i e w ,  and s o  f o r t h .  I t  evokes  a scyeen  o C  i t s  cwn ( f i g u r e  7 ) ,  w n i c ?  

nas  r e s 7 o n s e s  j - s t  l i k e  t h o s e  c n  Yenu S c r e e n  3 .  I :  ends k i t h  an  

a b c r e v ;  a:ec n e n u  :no: snown) , a1 1 ow i no :?,e use: t c  :2 1 1 f o r  :ne nex: 

3 1 o t  d i r e c t ; y .  

V :  C H A N G E  VIEWING MAT2IX 

- 
. h i s  c3mmanc a ! i o w s  ;he u s ? r  t o  c h a n s e  t ? e  : , i e k l n ~  m a t r i x ,  c s u a l i v  - -  - -d 
roZa',e o r  ? r l C t  t h e  v i  ew. 1 t t v o k e s  a s c r e e n  3 f  i  i s  owr, i f  i  g u r e  E )  , 

w n i c h  has r e s p o n s e s  j u s :  l i k e  t h o s e  on s c r e e n  menu 3 .  I t  ends kith ar, 

a b b r e v i a t e d  n e n u  ( n o t  shown ) .  S i n c e  a  r 3 t a t i o n  f r e q u e n t l y  chanaes  che 

domain  o f  :he d a t a ,  t h i s  command i s  o f t e r ,  u s e d  i n  c o n j u n c t i o n  w i t h  " X I ' ,  

Chanse A x i s  S c a i e s .  
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- 
t h i s  command t e r m i n a t e s  e x e c u t i o n  o f  t h e  o r o g r a m .  

M: MENU 

T n i s  commana o i s p l s y s  t n e  f u l l  meru, i n c l u s i n s  s t a t u s  d i s z i a y .  t i  

i s  u s u a l i y  c a i l e d  f ~ o m  t n e  a c a r e v i a t e c  menL, a f t e r  2 l o t t i n g ,  as a memory 

3 i c .  

T h i s  i s  t h e  d e f a u i ? .  i t ' s  e f f e c t  i s  t o  c i s p i a y  t n e  n e x t  ? - m e  i n  

t h e  s e r  i  es  . i i ' s  t h e  same a s  t y p i  ng  " 1 (2ETUaN) " . 



3.0 SPECIFICATION OF STANDARD TRAI\ISFORflATION AND VIEWING MATRICES 

The positional data recorded by the models is in either the 

inertial or vehicle coordinate systems specified for the particular 

model and run. The plotter package begins by transforming a1 1 the data 

to one coordinate system of the user's choice and recording it in 

internal tables in that format. The plotter package then allows the 

user to change perspective and scale in viewing the situation described 

as much and as often as desired. 

Figure 9 shows a seated occupant specified in the HVMA 2-D.Mode1 

Vehicle Coordinate System expressed in metric units. The plotting 

system shows the x-axis positive to the right and the z-axis positive 

upwards whereas the MVMA 2-0 shows the x-axis positive to the right and 

the z-axis positive downwards. The effect of viewing without 

transformation then is to show :he occupant upside down. Figure 10 

shows the result of using the viewing matrix to view that data with both 

x and z reversed. The viewing matrix used to accomplish this example is 

iigure 1 1  leaves the viewing matrix the same but changes the scale 

to show part of the occupant. 

3.1 STANDARD TRANSFORMATION SELECTIOM 

In general, the standard transformation would be used to condition 

the data for change of directions of croordinate axes between model and 

model run while the viewing natrix would be used to change perspective 









without changing the data stored. This subsection deals with the 

Standard Transformation and the next subsection deals with the selection 

of the Viewing Matrix. 

In what follows, an example will be discussed of a CAL/HSRI 3-D 
model run of a pedestrian struck by a moving vehicle. The original 

inertial axes in the CVS system for this run are x-forward, y-left, and 

z-down to define the positive axes. The vehicle in this run is placed 

so that it is moving parzllel to the x-axis and in the negative 

direction. The pedestrian is placed standing up ir, the negative z -  

direction and facing the negative y-direction; thus his right side is 

facing the approaching vehicle front. 

The plot system chosen has 2-positive up and x-positive forwzrd 

(relative to t h e  vehicle motion) thus l y  wi I 1  be positive to the vehicle 

left and to the rear of the pedestrian. This is accomplished by using a 

standard transformation matrix to relabel selected inertial axes to 

mztch the plot system axes, 2s  shown in figure 12. Note that the 

vehicle and pedestrian do not move; it is only the axes that are 

relabeled and the data modified to watch. 

Other standard transformation matrices are possible, depending on 

the orientation of the original simulation inertial axes and the desired 

plot system axes. The user should be warned that the transformation 

worked out should preserve the righthandedness of the axis system or 

strange results may be generated. 

For MVMA 2-D data, a typical standard transformation matrix would 

be selected to make the "identity" view conform with the printer plot 

stick figures produced by the model. This could be accomplished either 

b y  



Ori gi  n a l  Axes 

S t a n d a r d  Trans f o r m a t i  on : : ; i t r i  x 

R e l a b e l s  xhe X a n d  Z axes 

P l o t  S y s t e m  Axes 

F i  gure 1 2 .  i f f e c t  o f  S t a n d a r d  T r a n s  fama?: on. 

2 1 



i n  o r a e r  t 2  s e t  uo :he " i d e n c i t v "  ~ l i e w  i - o m  :he : p ~ c s ; ~ e  s ; o e .  

The  s a t a  may a i s c  oe t r 2 n s l a t e c  r e s 7 e c t  t; 2 u s e r - s p e c i f ; e s  

o r i g i n  i f  c e s i r e d ,  a l t h o u g h  ~ s u a l  l v  : n i s  i s  n9: c c n e .  

3 . 2  V I E W I N G  M A i ? i X  SELECT iaN  

The second  s ~ e p  i n  s e t t : n c  JC t 9 e  o i z t s  i s  d e ~ e r m i n i  n s  t h e  o r s e e r  

v i ~ w i n g  m a t r i x .  I t  s h o u l d  be nccec t h a t  r i ; -  , 1 8 1 =  i s  533e  r j n c i i y  i n  t n e  3 1 5 t  
, . s y s t e n  anc w i t h  rsDec: :o t h e  s ~ r n c s r c  s v s t e z  z l s c u s r t c  I n  t ? e  1 2 ~ 1  

s e c ~ i o n .  The u s e r  now chooses  a p;osper: ! \ /e v i e w i n s  a o i n t .  (73 make 

t h e  s i g n s  e a s y ,  i t  s h o u l d  b e  s e t  23 i n  t n e  f i r s t  Dctan:. i s :  t h e  C A L , !  

H S ? I  3 - D  p e d e s t r i a n  examp le ,  t h i s  wculd show t h e  c a r  f r o n t  3nd t h e  

? .  ~ e d e s t r i a n  back  and l e f t  s i a e ,  a :  1 f r o m  above . )  See : g ~ r e  ::. 

I 8 = I :he v i e w i n g  g o i n t  i s  s o e c l f i e d  i n  s 3 n e r : c a i  c:or:ina:e, t n e n  t h e  

v i e w i n g  n a z r i x  e x p e c t e d  b y  t:e 3 r o s r a m  i s :  



Yotes  : 1 .  r , 3 ,  !? a r e  jhown p o s i  t i  ve 

2 .  Yagn i  t u d e  o f  Y i s  i r r e l e v a n t  

? -. 0 s  Y ' <  I20 

4. 0s 6 ,( 3 6 0  

The V i e w i n g  P o i n t  i n S p n e r i  csl C o o r d i n a t e s  
F i g u r e  13 .  2 e l a t i  ve t o  S t a n d a r d  Systef l .  

2 3 



I f  the v i e w i n g  ~ o i n t  is along a line w i ~ h  d i r e c t i o n  cosine (cos  4 ,  
c o s  8 , C O S Y  ) then 

. . t n e  \ . / l e w ! r ; ~  stint i s  , , men 



Tne s e t  o f  p l o t s  l a b e l e d  ? E D - 1  F2ONT ( ' i s a r e s  1 4 ,  1 7 ,  and 2 0 ) ,  

wh ich  a c t u a 1 : y  show t h e  f r o n t  o f  t h e  p e d e s t r i a n  and :he i n s i a e  o f  t h e  

v e n i c ' e ,  were  mace u s i n g  a  v i e w i n g  p o i n t  on :he n e g z t i v e  p i s t  sys;ern y -  

a x i s .  The a n g l e s  a r e  :hen L/' = 90' aoa e =  -30' p i v i n s  a v i e r i ~ s  m a t r i x  

o f :  

s i n c e  s i n v = - 1 .  s i n &  - i .  and c c s  $l = cos '0 = c .  

Tqe s e t  o f  p l o t s  l a b e l e d  ' E D - !  : I C E  i i i ~ u r e s  15,  18 ,  2 1 ,  a n d  2 2 1 ,  

showins  t h e  l e f t  s i a e  s f  t h e  p e d e s t r i a n  t h e  f r o n t  o f  t n e  v o n i c i e  

beyond h im ,  h e r e  nace  u s i n g  2 v i e w i n s  pc in :  on t h e  p o s i t i v e  3 i ' 3 ;  sys;en 



x - a x i s .  The a n g l e s  f o r  t h i s  a r e v =  90' and 8;  0' g i v i n g  a v i e w l n s  

m a t r i x  o f :  

s i n c e  s l n  i l l =  + l .  = case and cos = 13. = s i n 6 .  = ; s u r e  2 2  i s  a r  

en la rgemen t  of t n e  c e n t r a l  n o r t i o r  of ' i c u r e  :I, maae ' o r  t n e  Duracses 

o f  snowing enhanced ae:ail and cemons: -a~ ing  t f ie  e f ' e c t  o f  : le Change 

A x i s  Sca les  ( X )  cornrnana. 

. , 
The s e t  o f  p l o t s  l a b e l e d  ?ED-k S K E W  ( F i g u r e s  2 ,  13, and 2 j ) ,  

showing t h e  t o p ,  f r o n t  and l e f t  s i d e  o f  cne ~ e d e s t r l a n  ana t n e  t ~ c ,  

f r o n t  and i n s i a e  o f  t h e  v e n i c l e ,  were maae us in^ a v i e w i c ~  p o i n t  a t  :ne 

c 3 r n e r  o f  a cube whose s i d e s  a r e  t h e  p o s i  t [ v e  x -  and z-axes 37d :he 

n e g a t i v e  a x i s  i z i i  i n  t h e  p l o t  s y s t e m ) .  Thus v =  54,7556' and 6 =  - L j O ,  

s i n e  = - .707107,  cos 8 = + . 7 G j ? O j ,  s i i  9 = t.816497, CGS $J = i . j ; 3 3 5  

and :he v i e w i n g  m a t r i x  i s :  

i t  s h o u l d  be n o t e d  t h a c  scno o f  :he p z , i e I s  I n  :,-,is v i ew  come o u t  l a c ~ i - s  

- 1 n c r e  l i k e  ~ r i a n g l e s  than  ~ a r a l l e l o g r a r n s .  , n i s  I s  i c e  :o a m i v o r  2 r - 3 r  

i n  :he p r o g r a m ' s  p r s c e s s i n g  o f  end ~ o i n t s  wh icn  a r e  calcuiatsd i3 p ; c ;  

# - 
3 7 7  :he p t r r n i s s a ~ i e  c l s t  a r e a .  ( T h i s  :srcrblern 1 2 s  been f i x e d  ; r :  tqt 

c u r r e n t  McAuto v e r s i o n )  . 























4 . 0  SUMMARY O F  ANALYSIS 

-. 
i n e  a n a l y s i s  i s  summarized ' n  cwo par:s. The f i r s :  s u b s e c t i o n  

d e a l s  wi:h e s t a b l i s h i n g  s t a n d a r d  ? l o t  c o o r d i n a t e s  and t h e  secand a e a l s  

w i t h  t h e  o r t h o g r a p h i c  p r o j e c t i o n  :ran s t a n d a r d  c a o r d i n a t e s  t o  t h e  

v i e w i n g  p l a n e  wh ich  i s  a lways d e f i n e d  w i t ? ,  r e s p e c t  tc ,  s t a n d a r c  

c o o r d i n a t e s .  

4.1 THE S T 4 N D A 3 D  TRANSFORMATION 

The S tandar?  T r a n s f o r m a t i o n  i s  d e f i n e d  i n  t h r e e  s i e s s :  

1 .  S e i e c t i o n  o f  a  "base" c o o r c i n a t e  s y s t e n  (wn ich  may oe i n e r z l a ; ,  

v e h i c l e ,  o r  one o f  t h e  body segment s y s t e m s ) ;  

2 .  S p e c i f i c a t l o r :  o f  a  new o r i g i n  w i t h  rp,spec: t o  t h e  "base" 

system; and, 

3 .  A gene ra l  r o t a t i o n  about  :he new o r i s i n  d e f i n e d  w i t h  r e s 3 e c t  ;o 

axes para1 l e i  t o  t h e  "base" sys:em a: t h e  new o r  igi~:.  

The S tandard  T r a n s f s r m a t i o n  i s  a p ~ l i e d  t o  t h e  ~ o s i t i o n a l  d a t a  r e c o r ? e c  

by  :he models i n  e l t n e r  v e h i c l e  o r  i n e r t i a l  c o o r d i n a t e s  cs?end ing  on t h e  

q u a n t i t y  i n v o l v e d .  L e t  us d e f i n e  t h e  base sys;en by t h e  index J wn ich  

has v a l u e s  i ,  V ,  o r  N ( t h e  number o f  t h e  body segment ) .  L e t  US f ~ r t h e r  

a s f i n e  t h e  new 3 r i g i n  3 y  a  ~ o s i t i o n a l  vsc to :  r w i t h  r e s p e c t  t o  t h e  J 
S 

system and The r o t a t i o n  b y  t h e  d ; r e c t i o n  c c s i n e  m a t r i x  d a l s o  w i t h  
S 

respec: t o  t h e  S s y s t e n .  L e t  us l a s t l y  d e r i n e  ?, as any z o s i t i o n a !  
K 

v e c t o r  w i t h  respec; t o  e i t h e r  t h e  i n t e r i a l  o r  v e h i c l e  sysem f o r  K = I o r  

V r e s p e c t i v e l y  and R, i s  a  v e c t o r  t o  t h e  same p o i n t  f r om ;he Standard  
J 

P l o t t i n g  Sys:em. 

T h e n  



where ihe effective rotation and translation are defined i n  Tabie \ .  
Figure 24 iliustrates this terminology. 

The equation o f  an ellipsoid in the viewins sys:em Is: 

where 

. . Here, a, b, c are the semiaxes of :he el:ipsoid and b i j  is :he i-rh 

rcw and j- tn column element of the final direction cosine matrix o f  the 

ellipsoid relative to the viewing system. The y-axis is chosen t o  3e 

the view axis. h e n  what is seen (and hence can b e  plotted! is tne 

shadow (or projection c i  the ellipsoid onto any 2lane parallel :3 ;he x -  

z plane and hence perpendicular to :he y-axis. Another way o i  

describinc i t  is tha; wha: i s  seen I s  :ne e?c-on vie+, o f  z ip  e:i:-- " $ 3  i d 

cylinder, the axis o f  wnich is the y-sxls and wnich is c o n ~ i n u o c s ; v  

tangent to the eiiips~id being viewec. The ecuation of tnis el;l:se can 

be obtained by solving the above eauatian f ~ r  y and settins :he 

aiscriminant equa! l o  zero: 



ii glire 2 3 .  Re1 a t i  o n s h i  p 3et:b:een S , I, ' 1 ,  a n d  Ai Sys',ms 



Tne r e a s o n  f o r  t h i s  i s  t h a t  p o i n ~ s  o f  t n e  e l l i o s o i d  w n i c h  ~ r o j e c :  as :ne 

c i r c u m f e r e n c e  o' t h e  snaaow e l l i p s e  a r e  t h s s e  i c r  d n i c h  :here i s  a  
- 

s i n g l e  u n i q u e  s o l u t i o n  f o r  y .  1 0  make :he oio::,ng r i m p i e r ,  i n 5  

e q u a t i o n  o f  t h e  e l l i o s e  i s  w r i t ~ e n  i r  o a r a m e t r ' c  f o r 3  

where  A a n d  B a r e  t h e  semi i ~ e s  o' :he e l  1 i o se ,  i  s  t h e  a n g i  e o f  t h e  A 

a x i s  w i t h  t h e  X - a x i  S ,  and @ i s  t h e  pal-arnet: i c  v a r i a o  ~ e  as shown ; n  

F i g u r e  ij. Then b y  l e t t i n g  4 v a r y  f r o m  0-a j 6 i i0 ,  t h e  x and z v a ' u e s  

c' t h e  shaaow e l i i o s e  can  3e c a l c u l a t e d  and z i o i ~ e d .  F i - s :  A .  9 anc $ 
nus: b e  cornouted i n  :arms a i  d . 4 . ( , , t a?c 7 . I i x ana z a r e  

s ~ o s t i t u t e a  Sack i n t o  i h e  l a s t  e q ~ a z i o ?  above  anc t e r n s  a r e  c o i 1 e c t e 3  c n  

0 , t h e  f o i  l o w i n g  e q u a t i o n  r e s u l t s :  



P o i n t  

Figure 2 5 .  The Shadow Ellipse i n  ;he V i e w i n g  P l a n e .  

i 1 



T h i s  e q u a t i o n  must  be s a t i s f i e d  f o r  a l l  v a l u e s  o f  8 , w h i c h  w i l i  be t r u e  

i f  t h e  f i r s t  t h r e e  t e rms  sum t o  z e r o  a i d  i f  t h e  c o e f f i c i e n t  i n  b r a c k e t s  

o f  t he  l a s t  t e r m  i s  i d e n t i c a l i v  z e r o .  The l a t t e r  c o n d i t i o n  t - ~ u s  d e f i n e s  . 9 

The f o r m e r  i m p l i e s  t h a t :  



and 

8 = G- 

I f  t h e  V i e w i n g  M a t r i x  aei i7ea 4i:h : e s ? e c t  :o :he S t ~ i d a r s  S v s t e -  

' = d ,J, 
and  :he c i r e c t i o n  c ~ s i n e  m a t r i x  2' :ne ~ s c y  s e g n e i t  s v s t e n  Y t s  

w h i c h  i.he e l  1 i ? s o i d  i s  a t t a c h e d  i s  t h e -  

whe re  

u s i n s  :he n o t a t i o n  wne re  dJ I  i s  d s i ; n e a  i n  T a b l e  ; i s :  J i n  t h e  b a s e  

s y s t e m  a c d  dm i s  t h e  body segmenc sys',e.n r t i  t h  r eszec :  '-3 L i e  i n e r t ' a l  

s y s  :em. 





5.0 R E F E R E N C E S  

i Bowman, S . M . ,  a e l n e t t ,  R.O., and ? 3 3 b i n s ,  D . i i . ,  "M'JMA Twc- 

D imens iona l  C-ash V i c t i m  S i m u l a t i o n ,  V e r s i o n  4," R e ~ o r t  No. UM- 

H S R I - 7 9 - j - l , 2 , 3 .  3 ' / c i s .  U n i v e r r i i y  o f  M i c n i g z n  Transporta: :on 

Researcn I n s ; i t u ~ e ,  June 1?79.  

2 .  Benne:t, 2 . C .  and ?obb ins ,  O . H . ,  " H S R i  Ve rs ion  o f  :he lmprovec Three 

Dimens iona l  C ~ m x t e r  S i m u l a t i o n  o f  V ~ _ h i ~ i e  Crasn V i c t i m s , "  3 V o l s . ,  

Repor t  Nos. U M - U S R I  - 8 2 - 8 - ? , 2 ,  j. na l  R e ~ o r i  o? C c n t r a c t  No. DOT- 

- 
YS-7-016j9.  U n i v e r s i t .  of Micn igan  , ranspor :a t i on  Researc: 

I n s t i  :Ute, March 1 9 8 i .  



A P P E N D I X .  I N T E S M E D I A T E  P O S I T I O N A L  DATA r l L E  F O R M A T S  

Tab les  A - i  and A - 2  c o n t a i n  t n e  c u a n t i t i c s  a n d  t h e  f o r m a t  expec ted  

t c  b e  r e c a r d e d  by  t h e  mode! r u n s .  T a b l e  A - ?  c c n t a i n s  t h e  b a s i c  mode' 

zaramerers  w n i c h  a r e  neeaec and Table 4 - 2 ,  ;he i n f o r m a t i o n  r e q ~ i r e d  f o r  

eacn o f  t h e  r e c o r d e a  t i m e  p o i n t s .  
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