
LASS! ~~ 

DIMENSIONAL TRACK ! FORCING (U)

A BA DAlE
_____________________________________________________________________ FI[a E 0

H - 79a I

I

_  p 1



1•0 
~I~~~ 3.5

4 I 2 01.1  ~~ 140
s.. •~~ —

_____ 
~~ L

• 

“ h

IP

25 

~~~~~~
NAT#ONAL 8UREAU OF STANDARDS

~ C~OGOPY ~ESOLUT1OII TEST CH~~T



r -

~~~~

- .

~~~~

_______________

SECURITY CLA SSI F ICA ~TION OF TNIS PAGE (ITh.n P.t. Entered) 
____________________________________

RE AD INSTRUCT I ON S

4~
) REPORT DOCUMENTATION PAGE BEFORE COMPLETlNO~~ eR~~

UMBER /
__________________ / GOVT ACCESSIO N NO. 3. RE CIPIENT’S CATALOG Ny4BER

(
~~~~~~R78 2j 

_ _ _ _ _

______________________________ S. TYPE OF REPORT & P~~~~~~~~~~~V~~REO
~~~~ T (and S bUllet

~~~ MENSIONAL YE TRA CKING 1 ’~~ MPkING ~~TE 0F~,/ 
~~~~h i 1  IresentA1

~
Qfl

~J
Rc”~iG FUNCTIO~~ ______________________nErpn~

B. CONTRACT OR GRANT NUMBER(s )

C~4~ 
) 

n t ~~ Robert L McMur ry~*Donalci jjj In art rIder
~~~~~~~~~~~~ \tioni~’~ames L~~Porterfiel d1’ 

— ( 
~~~~~

615-C_76_5

~~

JSRL ,(inc

9. PERFORMING ORGANIZ A T ION NAME AND ADDRESS 0 . PROGRAM ELEMENT . PROJECT . TASK
A RE RK UN I T NUMB ERS

*Aerospace Medical Research Laboratory , Aerospace
~~~ Medical Division , Air Force Systems Command , 62202

Wri ght—Patterson Air Force Base., Ohio 45433 ____________________________
II. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE

II~~~~~ IS. NUMBER OF PAGES

6
14 . MONITORING AGENCY NAME & ADDRESS(if differen t from Controlling Office) IS. SECURITY CLASS . (of thi. report)

unclassifi ed
T~~ DECLASSIFIC ATION /DO WN G RADING 

—

SCHEDU L E

16. DISTRIBUTION STATEMENT (of this Report)

C..., Approved for public release; distribution unlimi ted

I l-I-i
I ~~~~~

‘ 

D
97. DISTRIBUTION S T A T EMENT (of the abstract entered in Block 20. If dIfferen t from Report) 

~~~~ SEP 22 1918

I ?i6u ut ~L~A
IS. SUPPLEMENTARY NOTES

~ Systems Research Laboratory , 2800 Indian Ripple Road , Dayton , Ohio 45440
Presented at the Fourteenth Annual Conference on Manual Control . 24—28 April

t,— 1978 at USC, Los Angel es, California.

19. KEY WORDS (Continue on rover ., sIde if neceae4ry and Iden lfy by block number)

20. A BSTRACT (Contlnu. on reverse aid. U n.c...asy and Identify by block number)

This study was conducted to determi ne the minimum update rate of a forcing
function displ ay required for the operator to approximate the tracking perform-
ance obtained on a continuous displ ay. Previous studies (see review by Frost,-~3 ~1~72-~ p 2t?-) using time on target as a measure of performance, obtained a
breakdown In performance around 15 samples per second. ~n this study, frequencyanalysis was used to determine whether there was an asso*t~~ted change in thetransfer function characteristics of the operator. It was expected that as the

r~g,~f
~~~~~~~~~~~~~ ~t~ iJ (over 1~ rDD ~~~~ 1473 EDITION OF I NOV 65 IS OBSOLEl’

$tCU~~IIY  CLASSIF ICAT ION OF THIS PAGE (W~~.n 0.?. Entered)



r - — -—-

~~~ 

— _ _ _ _ _ _ _ _ _

SECURITY CLASSIFICATION OF THIS PAGEy7IW Data EnI.r.d)
A

\~~B1ock 20 Ccontlnued )

forcing function display update rate was reduced , from 120 to 15 sampl es per
second, the operator ’s response to the high frequency components of the
forcing function would show a decrease in gain , an increase in phase lag,
and a decrease in coherence. ,

SECURITY CLASSIFICATION OF THIS PAGEI’Wh.n Dafa En(.,.d )



r ~~~~

•- .w
~
,J.

~~~~~~~~~~
-
~~~~~~

---—.-,—-.-..--’ -.--,— —.-—.- .—-.-—.-. ...— -.--.—--- ---. — —  
~~~~~~~~~~ 

- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ .. .

I
1 . 4

-, -

~~

..,

T 1 L ~ ~\( ~r\
~~~~~~~~ ~~~~~~~~~ 

•
~.~~ 1(\ ( .  ~~LT1 N

L f l S e~~ ’~~. u ; i . i ~~~ I ~t i~ , . 1 .
~~ e L. ,) rLt r; t

~~~~ ~1at  ion 1 ’ t  r : l t~ .~~~~ Br . m n . ’h
iu~i . : . i ’~~~j r e e rj  l i v  It ;

t,~~7(I .it.r . -.; ‘ , L ~~ Med L,. i  1~~ ’ ~ ‘r c h  I . , ~b r a t c r ~
~r i~~~: t  ~; it t e r ~ ~~~ A ~~~, O h I r ~ , 54 j 

~

.~~Lrt  i~. ~ .r rv
S~~ ~~~~ ~~~~~~ r ch  1 h’ ra i i~v

~Sfl() I o d i a n  F ..

l i t  a , Ohio 1 )

I I }~ l ) 1 ( 1

~~. ;ir l . ~~~~~~ ~ ~o ii t~ ri~~ ra tJi1 :‘t~~t~ :~~‘:, 1~~~ . i t c r a t .  of a
r~~ i~~~ ~ UIlc t~~~~:I d isp~ r i /  c q u i r  1 ~~ r~1L~t ~ . p~ x : r - .~ t~ ’ 1H.

r r c ~~j 9~ r~(r~ ori1a11i-c obi iii~~ ~‘j ~ ~ . u~~~t i~~ ~~‘. . t d I r;t . ~~~ l o ts  ~t d ~ et~(se12 rev i~ I i os r ,  1 l 7 . ~, I 2.~ 7 )  ~~~~~~~~ ~~~ on ~ . ‘ ~~~ a rneasor o~
forni ani  ~~~, oh ta in.a i . r ~ ~~a I r N ~ . r ~~~; .. r 15 t~ inn

ser, : ‘1. Th th is  ~~~~~~~ t r a  R L  . ~t n ’ ~~n~ ‘~ .as : 1 , 1 , 1  
~.o o t o r — ’ i . w  w~ l t h e r

vj~: an ~~; : c i ;~~~ I F i . : ~ge t~~ i~~ o t r . t a t ~ ~r f i o c ’~ ~on c ; ~ : r I~~~”~~ ct ~ of
t h  np .~ : i L ’ ’ ~ . 1 ~’~~ ’ ,o. x ac~ tL ~ I i ..... o- th~ ~r t r c t i 1 :  f~.t , i  t io  dI : . 1  ~~i’~ .~pd:tte ’
~~~~ ~~~~ r c t l t i c  12(1 , f ’ o r. i~~O t o  5 . •, .in pil ..~s nor  s.~ ‘i t .’ , ~~~~ o 1 c r n t a r  ‘~~; L € S ~) fl f l SO
ta L~~e h i g l 1r e a t . . . i ~c~ ’ ~~~~~~~~ I ~ . ~‘ f  ¶ c’ ¶.t r c 1 ’ .~i i I t ~~ t _~~~~ ~~~~~ aho ~~ a
Jco r oa”e  in c’al n . t i  ~r cr  a i i  as  i i i , . dfld dec-r ” ;ise  in  ocher nce

A t’: ~~~
j 9 •

1 :o ~ f I r ( .thg ¶ I r . c t i o l l , ft cri ch d i r  r i c i n , c.on~~i s t d o l the  ri of n i n e
‘R ~~~~~~~~~~~~~~ s . t t , d  a l o t  S I a n  i o i . i ~ passed t h r ti : .~I i  .* ~~ cond ordt t

11 t or w i t h  i r o i l — o f  i r c ; t te io ’  v at  1 H z .  The f o r t . ‘ ii  fu n c  t ion Was
:;or ter ted a t  r a te s  of 1~~O , (.1) , ~O , or ‘ samples per ~.ec ~d and p r o t ~r n t  ri ‘n
¶.~~~t ’ 5 rreen  OL t i  ‘ac u . ’iate r~it  es . .i ~t t  I c a l  .)ro co t i c r  a v - t e n~ ‘ns ist  inn.

1 ]~~w power I ~~~~~ and a p a ir  of p : I . v o — m i r r c .r s  r ar  p r o l e c  ted the f’° i i i ~
‘n o t  Ion pt a c t a t  It ~s: r c i i  I n  t l i c  f~~r m ot  a ~~~~~ n f red l i g h t  r and omly

m u v i ~~~ in two d i :. t ’os ions  ab out  a c c i t ~~er t r , ’ t ip ark i on t i c  screen . The
:~. Y  ~TL.ffl o x cu r s i  ~ . of the  l u r c f n . f u n a t  ~on was +~t~~ v i  oil  ang le  in a z i mu t I
and ele’ a ti  ~n , as vL (~~~d b’; t l i  s ubj e s t  (S )  . The 4 .~ ° 

~~~sual  angle  posi t ions
wo r ‘ al a’  rt :t r ci  on th e  a r ~‘of l  a ~~ wI  th t l ,  r t~ t c r a ‘o t , t c  r ’~~’ 1 as

7~ 
e~ 9 2J 

_ _ _• 
~~l~~~~ .m _ • ~~~~~ ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ ~~~

. ______

- _ _  -——  a -,.~~~~ . ~~~~~~~~~~~~~~~



, t L i h r , t i 1 ~~it ‘i r l U t S  1 . r  ro t h  t i t ~ f o r o  ; ‘t~~ ‘ lI~ l . I. i ’ ,c ’  i ~~
‘ S “ ‘. 1  i ti t v o n t

i so .  ~ si’h j c t  t ! .~~~ ea L t l . ~ ~~. r i i i r ; ~~ ;i- ” L i  . l i o n  a ; ‘o s i t ~~nu ~ ‘ .i t h c
Siw - of t l j c  . ‘ i ’c~~a t t r  t , I~~ ; t  j s : i ~ : ‘ r l ’ t e c L i a i ’ .s S ~~crn c ’ i U

d i : ;  l i i i  i torn i i  s o  r , - i i .

The sii  i t t ’ s c c  I i :  . - . r f — ~~~~ ht.  -~ o ;  c r r ~~r u t  ad i .  i t , :  ht ’  ~N R L  Ho ts n i
.t ’ ” n ot e  t:~ i i L  ‘ . ;. . t r .  I o r a a t : , l e lt (I. i r~~pi . ioa 0 ~~~ I) I r a  ter , ac t :

“k oh.int , ~ t .  a l . ,  l ? 7 i . ,,. i t i ’ - a t io~i a~ t H s  ~~~~~~~~~~~~~~~~ n o r  t o  v i to ’ .
t r ..1ck~ !ig i t i ’. wa~ o :o~~TrH ’. lal ti hi i t a i t i  a u a i t . f t ; . i t  i i  - r ” j c c t i on  s~c r t  i ’ ’

~‘os~ tioned ‘d l  l c t~~~~ i t  i ; ~~ l~~~ ’ t i - u f lO t j , f l  ‘r t i . . t I  ~: . ; i j. . t t ~~ t~~ i av ~~t c n .  ( t ,

‘ t a o , m o n t :  ~f t h e  l ase r  s a t  . d  l v  t h i s  sacoi d :r v ~~~cr “ r i  e sp on d i t !  to
he ,ob leo t ‘ • -vo  ii , -- : ft . ‘ l i i i  ¶ c u t °~~: . t i r -  ~ : ~~~- ‘ : ‘, : : t C t ;~~~ t V - n  Lu 1: 5(1

if I l u r i n g  t1~ r r i .  k i a c, r an .

‘ v e  r. h a m  2 1 . . a: a a t e, .i - i t t ‘i L / ~~ ru 1) - 
~i~O r a t r u :r o n t , l t i on

t a~~e r c c u r d , : - - r -  ,. ~ - L t o roo r i  ( I  i n :  o~~r 1o , ~ ‘ t r ; 7 ~~1’ t : i I f o ro i n -

funo t i o n , ( 3 )  .~~~ r t  is,  i t u ~~c I i ;  ~u . c t I  - a .  ) l w  ‘n t i l  o v o  ‘:av ’:’ : ’a t .  a , ‘ao l
~S)  v t .’r t , . ,. a }  o a t  n ’ ’ .’ r a n t  a ,

a - i - I s

Four ¶z~~- i , o t . , ‘‘ a oa~~e , t a  - - O~~ O , r..
~~1. t I c  l t ’ .v n ’ :~~’ v :’f ’ ’ ,. v L o , :

s :r ’ierl -
~~~ 

-o i l ’ : c t s  f a a  t , i ~~-; t a d , ’ . l i ~~~ ; ~ .d’~~ r , t  ‘.a i . ° ti t h e  f o i r i n g
f t , t - t j o~ w~~ic  i t  ~a oh v a . i o i  ia ~i r a t .  t ,  ~t h t ~ r a ..d~ in g  r i  i t ~ -n  ~u h . j u ; t. ) in  a
o~irtial1y hn ’ n n ’ c i d. . ‘ 1 5 : 1 .  ‘ht ’ . t , I ’ :l I t  , i a ah  s a l-  l e t  t ~- . i r  . t ’ i l e ct ~~i it ”  t w o
l o s t  sos-s i a n’;  of  f o u :  t t  i t . k i : o ;  r u t -  ‘ ‘o h .  A f t e r  a~~ t t i i i , ~ t b ’  s : i ~~ ec t , II ;
ir~~c r a t i c ’n  of’ the “~~a u I , : : n ct e c  .~~ ;s c h ’ c a ’ : I  t o t i  t i~~nr a t ‘ . ‘ I. ’: ; :sh j t ’r t  ‘~:;s
‘instruc ed to S I in a na I .i i ’a l  , S o i d o r  t i  C s it  t on .  Th af l i  a r o t - s I n  t n t
p Laced upon the su b j e ;  w a s  h ’. i n s t r u c t  ion t o  t~~ r a i n  f r o m  making  large
hc.i u movert ient .  TI’ si .! i . ., i  ~~, t S  ~~; i o t  ru, t “ 1 ’  ~~~i 1 o w ( :  t r a i t , )  t h e  moving
sp . i: of l i g h t  n Y i r h  i l L s  C. ’ C t ~ as  t r i o  E u ’  t n u V o u  an t I c  sc r ’ e n  . The subjec t s
w .- r -  act  aenr ’ d or t a ct  c r 1  od .~ 1/21 ) v l s i  ‘ T ’ . . Be t WOL ’ fl ni  i n ’ ~~~ u hi  ec ts  ‘.~ .t r c
i; r ;rn i shor t  r e s t .

I ‘ P

ot i s.. ; a t j ,  l a l l  f r o m  the  f i t  u u b ~~.. ’, : i s  -were  acc( ’nT ’ : i.~l t - .I
i ’ , ‘1 a rt  IBM I 7 1~ I t  r I ; ’ - i :  ‘.‘r u d  ~. ; i t  ~: ,  ~-~2 p r r ~Ar ai1’. . H r  wi- i r un  thE’ ; owcr
;p - ’r l r a i  den t  I t ’.’ of L I e  f u r .  log f un o  - ‘n ,  the  pow ’r F ,n o t r a l  d~~r i c i t :, a l  the

c . ,- n e s ; u ’ I ; , - ; t  ~ i , L n u L , bi  er as;;  ‘ at /c l s ’oct . r :i 1 d e l i a i t  0 , t h e  ro,c -i c i r t e l it ’ i n n ,

I . ’ ’ I ar , - , t ad t I i . ’ t r an s  ft r ‘ t o . ’ ; in ga in  and r ’ ~c war  a t c n l r i  t ‘. 3
t u e  d a t a  f o r  i ! ,  t w o  r u n . : ;  I ‘r a given s ir p i  thg n i . ’ ‘ . t i nd i t  i c r  were a ’’or au ~t ci ,

o t u - l i  s u b j e c t , a t  e ac h  of ¶ he n l O C  O l t I C w , ; O  c d  a ,, . i t  f o e d i : r a i e ~ u f  t i
f o r .  n c~ f t j n c t i t r ’ .

2

0 ’ ’  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .l,- . .’ ,.t,...~ . — .,;... -•~~~~‘.- -
~ ‘-.- ‘•‘. ‘ - - .W~~~~~~~~~~~~~ .



-t

~
I i~

i i  ‘ . - ; c r . ’~,’’ ~r a r s f , .,’r f o n t  t lot i i  i , , v ~- n a p c d  . a:; ’- i ’ ~~
, o r -., t o ’  t a c t ;

of t I i ~; fou r san ’~ in~ rp’ c , ~~~~~~ t - i ’
~~ a t ’ ’ t  I i n  F ’icptr .  { i l ’ r  i:n ’n t r i  ~) tad

u ’~~s ure 3 (V er t ~~eo i~ - ‘I d i i ;  a t  te s- - i ” :r i h , i t a b l c  t i  na ; ’rn l  ~n — t  r a t e  a re

.he average t r a n s f , ’r r o t a t ion ~;t , , , s t - , . I V C ’ t ; r f t .’c ’ a o r ~~~ s t i l t  l ’ c ’.s, ~~~~ c a r l :
.1 tI-ic f o tr  s i ’— ;o l  lag  r a t ’ . s, a r c  pr e s e n i t” I  i t  Fi~ p r r t ’  2 ( t ar 1 ? ; .’ ) ’  ‘;1~~~and
F I o u r e  4 ( V er t i ca l  ‘t . An l O ’ C e .Js, :  in t ’ .“i’~s por t  d’ ,’L~\ r I  ‘p r ’ - t ;ca ’~e 1y 30 t’~~~o
was observed a t  the ~5 samples  er rri .co ;i u p d a t e  r a l t  f , ’: ~;(1 tJ L I t ”  Ii,n s ‘ z ~~~t t i , i j
nod ‘JOT t i c al  t r a ek in 1~ 1 ~t

The - : i  h er e  t ve  dar t . ; v e r a a  3 ar un -:t . 18 w it h  1: a l i l t  d r a in  a t  t I : t
j o l t  f r ’ . t n j t  ‘- ç j ’ ~ ~ ‘ d  o t ; ’ ’ .~’ d  no d~~f f ’ . ’r e ’i  a — ~ ;‘i t t n i h r , t . f ’ t o  to t o ’ s, i r p j i  1

~~,;

r a t e  of the f ~ ~ no fu n c  J i o n.

dl-.

; I s : , :. : ;t c  i:~~~’ 1  i n  :a~~ —. s t ’ ,d .  , L :r  -w t ’ : .  — I~~~
’ a c - i t t )  w a

p a t  I~a,i ci ’a~agci t~ l i v an .~‘ ‘ a  l a b l e  0f ’ . o i t  upo ’; t o  tr ,,ocf 1’ i sac  t i - n
hi rae ’ er :1 t I c ,  ‘ ‘ Is ‘ , , , ‘a r- . Lo  . l’~ l~~- - o t a  r a p ’, ’ i ”  i t :  ‘I t ’tt . I ( - ‘wi I

h a L  tIc “i to ’;. 0~i’s ’ t ’ d  h . i f l ’ c ’ ’ - ‘i t  t I ’  : i i ’ t l i  li’ oq ;t ’~~ v i f l t ’  ‘.,‘ i S t S ~~~~~~~~~~ 
‘ t e n t ’

‘f t I , ,  1’ r c J r i r - , a r t j - - , r l o t  n 0 o u r - i  in L i  - ‘ n I -  :;; r v  ft “l s. ’ rv -d at  ~ c c ~~ i
I T d , t I e’ ’ l ’t O ’ , , t tj !’I-. a ,t u l n I . t :4fl:i l ,5 J ’ , i t t  t i :  d i t a  I ’  P t ’ ,” 0,1 t o  d v t e i r  rn:

‘.~ l L t h (_’r t i lt r o s u I t ,-~ o’ a l t I r ;  ‘ i i  ;v  - r r ’ - a ’ .’ o r I  w ’ t i ’  t I ,  t ’ a r : i ” . a r t - ’ - I t ; u i v
r e - a - c l  o.i .

,~ i’: r ~~

1. i - r s t,  C .. ~I i r - ’ht  I i t ’ ‘ . ‘ r m i c a .  i t t  V ;in~~~t t , 1 . 1’ . a d  E li ’ ‘J r . i C .
(Eds i , H irn ’t ’ r n ~~~t~ ;i u i d t  r ’ F ~j i  

- 
I t ’ ~~~ n (1< ; r d  .1 t n p ’

M(’, t
~ 
t iiW --H 111 , .1912

2 .  M e r t 1 t n t , John , tt r r i r -  t e L l ’  , H f t I . t r cr . and Por te r - I b I d , . ‘: i ~~’: 1..,
‘ r e m o t e  Moa sur ’rnrri t of I - y e  I’ r a t  Ion Al  lc ’t ~’ i n t ~ Sui t  i cci :  ~t’t i o n  r ’~ r fine C 1 s t:

‘ i t  of n u t  ‘ I 
—~ i i i  n t i  In~~ niot! I t  t t i c  ‘

~~‘ 1 r ‘
No . ‘t , Jul y I~~7’~ .

3

__________ 

t
~~~~~~~~~~~~~~~~~~~~~~~~~~ --~~ ‘~~~ -~~‘~~‘ ~~~~~~~~~

‘ 
~~~~~~~~~~~~~~~~~ . ‘,.. -

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
-~~~~



-

~~~

15, 30, 60, 120 SMPLS/S
* ,,

~~ II

2
0

2~—
z ~~~~

C, ‘
-

_

~~~~~~~~~ \ -.
1~~,~

8

1’ I ,t 4 5 “ h ‘ ~‘, 2 ‘ 4 ‘, .. 7

FREQUENCY (HZ)

Fi i c i r t  I , , H ~r ‘1 .~ ‘. a l  u ’ ~~ ‘a a Hu t- ’ t I ‘ ‘ m l  ‘~~ 1 1,3 , , t ~ :1 i t cc

15, 30, ~G, 120 SMPLS/S
* 

‘
~ H

S

-
“-

5---

S St

‘a

I” ‘V

‘(

3 ~ 

- 

~ 7 5 

- 

2 4 ~~~~~~~~‘O

FR tQUEP4CY (HZ)

Figure  ) . H er i~t u ; it a  ! 1 I i i ~~ - a t — i f - m o t i o n  of H 1:cIat e .  Ra tes



r ~~~~~~~~~~~~~ 

-- ., -- ‘_ - - --‘_-_-‘----- -.- -- -—‘ 

~~~~~~

“ - ‘

~~~~~ 

‘ -‘ -‘.--- ‘-‘—--—

~~~~~

4.
p 4

15, 30, 60, 120 SMPLS/S
-1 * ‘

~~~ C~ V

5 ’ 1 t 5 6 t h ’ , ’ ‘ 3 5 6 F ~~~~~~~’;

FREQUENCY (HZ)

~~~~~~• r e  
~~. ‘~i ’r ~~l e : i 1  ‘ a l t  a s :  F - t i’ ion  of t . ,1: t~ “ l i t e s

15, 30, 60, 120 SMPLS/S
* ft L .

S ‘ t ,

I’ ~
‘ -

S

~ 3 4 5 s 7 p 5 ” ~ 7 3 4 S t ~ ‘ 8 5 6 1

FREQUINCY (HZ)

F i gu r e  4 .  V e r t i c a l  P h ,-~- a- ‘it. ~ F u n c tio n  of l f t~l a t &’ Rate s

5

—
- -:- ,— — 

~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘.~ I
- - - -

~

- - . - - -‘ . .- — -. -— .-- -_  - - --.-- -~~~-— —- - -- ~~_--- -. —~~~.----_- -- — .- - . -  --


