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ABSTRACT 

A b r i e f  d e s c r i p t i o n  o f  t h e  h i s t o r y  o f  t h e  development o f  t h e  Human 
Operator  S imu la to r  (HOS) mode1 i s  presented. Features o f  t h e  HOS m ic ro -  
models t h a t  impact on t h e  obtainment o f  v i s u a l  performance da ta  a re  discussed 
a long  w i t h  p r e l i m i n a r y  d e t a i l s  on a  HOS p i l o t  model designed t o  p r e d i c t  t h e  
r e s u l  t s  o f  v i s u a l  performance workload da ta  ob ta ined  through oculometer 
s t u d i e s  on p i l o t s  i n  r e a l  and s imulated approaches and land ings .  

INTRODUCTION 

The HOS model has been under development f o r  approx imate ly  10 years.  
The concept behind t h e  model was' fo rmu la ted  by Wherry (Ref. 1  ) i n  1969. 
A n a l y t i c s  began t h e  t a s k  f o r  f o r m a l i z i n g  Wherry 's ideas and conve r t i ng  them 
i n t o  a  f u n c t i o n i n g  model (Ref. 2) i n  1971. Development o f  t h e  bas i c  model 
was completed i n  1976 (Refs. 3, 4, 5, 6, 7, 8) when t h e  model was f i r s t  
a p p l i e d  t o  a  ma jo r  Naval weapons system (Ref. 9 ) .  S ince t h a t  t ime, t h e  model 
has been a p p l i e d  t o  severa l  o t h e r  Naval systems (Refs. 10, 11, 12, 13).  Each 
a p p l i c a t i o n  has r e s u l t e d  i n  an i nc reas ing  conf idence i n  t h e  v a l i d i t y  and 
g e n e r a l i t y  o f  t h e  model and i n  an expansion o f  i t s  range of a p p l i c a b i l i t y  t o  
more and more complex s i t u a t i o n s .  

HOS developed as a  r e s u l t  of Wherry 's work i n  t h e  f i e l d  o f  c rews ta t i on  
design, t e s t  and eva lua t i on .  He recognized t h a t  t h e  t ask  analyses t h a t  were 
be ing  prepared f o r  t he  Navy s u f f e r e d  f rom severa l  major  f l aws .  F i r s t ,  t h e  
analyses never adequately expressed what was expected o f  t h e  opera to r .  Tasks 
were spec i f i ed  a t  v a r y i n g  and u s u a l l y  macroscopic l e v e l s  o f  d e t a i l  (e.g., 
" P i l o t  acqu i res  and l o c k s  on t a r g e t " )  and t h e  t imes assigned t o  a c t i v i t i e s  
were, a t  best ,  educated guesses. The analyses would never i n d i c a t e  t h a t  t h e  
o p e r a t o r  was t oo  busy t o  per form a l l  t h e  assigned f u n c t i o n s  ( though i n  ac tua l  
ope ra t i ona l  s i t u a t i o n s ,  t h e  ope ra to r  m i g h t  have been) because t h e  analyses 
were be ing  prepared by equipment manufacturers  who had vested i n t e r e s t s  i n  
making t h e i r  systems l o o k  good. The analyses d i d  n o t  r e a l  i s t i c a l  l y  r ep resen t  
e i t h e r  t h e  dynamics o f  i n t e r a c t i o n s  between m iss ion  f u n c t i o n s  o r  t h e  i n t e r -  
a c t i o n s  between t h e  ex te rna l  wo r l d  and opera to r  a c t i v i t i e s .  

Wherry concluded t h a t ,  s i nce  t h e r e  were n o t  standards t h a t  t h e  Navy 
cou ld  app ly  t o  ensure an unbiased and c o n s i s t e n t  eva lua t ion ,  t h e  s t r u c t u r e  of 
a  t a s k  ana l ys i s ,  i t s  l e v e l  o f  d e t a i l ,  and i t s  i n s e n s i t i v i t y  t o  v a r i a t i o n s  



i n  c rews ta t i on  des ign d i d  n o t  pe rm i t  t he  r e a l  i s t i c  e v a l u a t i o n  o f  des ign  a1 t e r -  
na t i ves .  Proposed designs cou ld  s t i l l  o n l y  be evaluated by b u i l d i n g  mockups, 
s imu la to rs ,  and p ro to types  and runn ing  sub jec t s  through t e s t  scenar ios.  Bu t  
such s tud ies ,  i n  a d d i t i o n  t o  be ing c o s t l y ,  time-consuming and confounded by 
i n t e r - s u b j e c t  v a r i a b i l i t y ,  cou ld  o n l y  be performed so l a t e  i n  t h e  des ign  pro-  
cess t h a t  t h e  r e s u l t s  o f  t h e  s tud ies  cou ld  have o n l y  min imal  impact  on t h e  
u l t i m a t e  system design. 

Wherry proposed t h e  development o f  a  computer s i m u l a t i o n  model t h a t  
would be capable o f  s i m u l a t i n g  an ope ra to r  i n  a  complex c rews ta t i on  t o  t h e  
l e v e l  of d e t a i l  needed f o r  r e a l i s t i c  e v a l u a t i o n  o f  a l t e r n a t i v e  des igns w i t h i n  
t h e  c o n t e x t  of  s imulated miss ions.  The model would be capable o f  produc ing 
t h e  types  of da ta  t h a t  had been ob ta inab le  o n l y  f rom man-in-the- loop expe r i -  
mentat ion.  The c h a r a c t e r i s t i c s  o f  the  c rewsta t ion ,  t h e  performance r e q u i r e -  
ments of  t h e  ope ra to r  and t h e  d e t a i l s  o f  t h e  miss ions  t h a t  cou ld  be spec i f i ed  
t o  t h e  model were t o  be complete ly  genera l ,  The s i m u l a t i o n  would become a  
s p e c i f i c  ope ra to r  w i t h  s p e c i f i c  tasks  t o  accompl ish when t h e  a n a l y s t  supp l i ed  
a  d e s c r i p t i o n  of  t he  crewstat ion,  t h e  procedures t he  ope ra to r  was t o  f o l l o w  
t o  u t i l i z e  the  equipment and a  d e s c r i p t i o n  o f  t he  behav io r  o f  t h e  e x t e r n a l  
wor ld ,  j u s t  as a human be ing  becomes t h e  opera to r  o f  a  system when p laced  
i n  a  c rews ta t i on ,  t o l d  how t o  use t h e  equipment and g iven  a  s p e c i f i c  j o b  t o  
do. 

To f a c i l i t a t e  t he  process o f  d e f i n i n g  t h e  c rewsta t ion ,  t h e  ope ra to r  p ro -  
cedures, and t h e  ex te rna l  wor ld ,  an EnglishIFORTRAN-like language -- t h e  Human 
Operator  Procedures (HOPROC) 1  anguage -- was developed. HOS t rans1  a tes  HOPROC 
statements d e s c r i b i n g  macro- level  ope ra to r  a c t i o n s  i n t o  m i c r o - l e v e l  a c t i v i t i e s  
whose performance t imes a re  dependent on bas i c  human performance c h a r a c t e r i s -  
t i c s  and t he  m iss ion  dynamics (Ref.  14) .  

The HOS approach d i f f e r s  s i g n i f i c a n t l y  f rom t h e  approaches used i n  models 
l i k e  SAINT (Refs .  15, 16, 17, 18) ,  S iegel -Wol f  (Refs.  19, 20, 21), TLA (Refs. 
22, 23) and t he  va r i ous  c o n t r o l  t heo ry  models (Refs.  24, 25 ) .  The essence of 
HOS i s  an e q l i c i t  model of the  operator and o f  how t h e  opera to r  t r a n s l a t e s  
procedura l  statements i n t o  a c t i v i t i e s .  Under ly ing  t h e  HOS model i s  t h e  
assumption t h a t  human performance ( i n  genera l )  and t h e  performance o f  a  w e l l  - 
t r a i n e d  ope ra to r  ( i n  p a r t i c u l a r )  i s  explainable as t he  concatenat ion o f  m ic ro -  
a c t i v i t i e s .  The performance t ime f o r  each m i c r o - a c t i v i t y  i s  predictable and 
expressed f u n c t i o n a l l y  by the  micro-model f o r  t h a t  m i c r o - a c t i v i t y .  S ince t h e  
human performance micro-models a re  based on exper imenta l  data,  HOS i s  n o t  o n l y  
a  means o f  e v a l u a t i n g  complex systems, b u t  a l s o  a  s t r u c t u r e  w i t h i n  which 
exper imenta l  model s  o f  human performance can be t e s t e d  and eva l  uated . 

THE HOS OPERATOR MODELS 

There a re  f i v e  major  micro-models i n  HOS -- an anatomy movement model, 
an i n fo rma t i on  abso rp t i on  model , a  mental computat ion model , a dec i s i on -  
making model, and a  c o n t r o l  man ipu la t i on  model. These models were developed 
f rom analyses o f  bo th  pub l i shed  and unpubl ished da ta  on human performance. 



Where no data or models were found to ex i s t ,  "common-sense" models were 
developed. These models can be modified ei ther  as new data becomes available 
or as specific applications indicate the need for model improvements. The 
models and the sources from which they were derived are discussed in detail  
elsewhere (Ref. 14). However, for the purposes of understanding visual per- 
formance as modeled in HOS, i t  i s  necessary to briefly review the eye move- 
ment features of the anatomy movement micro-model and the information absorp- 
tion micro-model and the HOS models of operator var iabi l i ty  and  e r rQr ,  

Eye Movement 

When a HOPROC instruction ( e .g . ,  R E A D  THE ALTIMETER) requires the 
operator to  move his eyes to a specific device, the eye movement micro-model 
i s  accessed. This model computes a movement time based on location of the 
current eye fixation point and the new fixation point. The equations used in 
th i s  micro-model are based on published experimental data on la teral  eye 
movements (Ref. 26)  and data from an unpublished experiment by Wherry and 
Bittner involving both la teral  and convergence movements. Figure 1 indicates 
the range of eye movement times for  si tuations involving only la teral  move- 
ments between two fixation points on a plane 71 cm (28 in . )  from the operator. 

Information Absorption 

The HOS information absorption micro-model i s  dependent on a hab 
strength parameter, derived from Hull 's learning theory habit strength con- 
cept. Information i s  absorbed in discrete chunks (micro-absorptions). Each 
micro-absorption increases the operator 's  confidence (hab strength) until the 
operator i s  sufficiently confident in his knowledge of the value of the de- 
vice,  a t  which time the absorption process i s  terminated. 

Each micro-absorption resul ts  in the addition of a micro-absorp$ion 
time charge whose value i s  dependent on input quantit ies supplied by the 
analyst in combination with characteristics of the device (e .g . ,  whether the 
device i s  discrete or continuous, how many sett ings i t  has, e t c .  1, Figure 2 
indicates how hab strength varies as a function of time for four different  
devices . 

Operator Performance Variability 

The HOS model views operator performance variabi l i ty  as the resul t  of 
differences in the performance capabi l i t ies  of different  subjects coupled 
with differences in operator s t rategies .  Differences in performance capa- 
b i l i t i e s  are represented by parametric differences in the functional relation- 
ships in the micro-models. Differences in operator s t rategies  are repre- 
sentable as e i ther  different  decision rules i n  the operator procedures or 



as differing pr ior i t izat ions of the operator procedures. By parametrically 
varying these quantit ies,  HOS can be used t o  evaluate b o t h  the operator per- 
formance required by a system and al ternat ive operator s t rategies  and pr ior i -  
t ization schemes. The f i r s t  type of eval uation (operator performance capa- 
b i l i t i e s )  can be useful in the process of screening candidate operators. The 
l a t t e r  evaluation (s t rategies  and pr ior i t izat ion schemes) can help to  develop 
training procedures t h a t  will ensure that  operators are trained to optimally 
u t i l i ze  the system's capabi l i t ies .  Although both of these possible uses of 
HOS have yet to be explored, they were anticipated in Wherry's original con- 
ceptual ization of HOS. The former was implied by the "0-state" (operator 
s t a t e )  concept t h a t  a1 lows variations in the operator performance equations 
throughout the mission; the l a t t e r  in the c r i t i c a l i t y  values assigned to  d i f -  
ferent operator procedures that  can be (and are)  dynamically modified through- 
out the simulation1 and in the English-like syntax of the HOPROC language 
that  enables the HOS procedures to be used direct ly  as training materials. 

Operator Error 

One of the most controversial issues associated with HOS i s  i t s  model of 
operator error .  To understand th i s  model, i t  i s  important to  remember tha t  
the primary objective for  which HOS was developed was the evaluation of the 
nominal performance of a system by a well-trained, average operator. By 
defini t ion,  a well-trained operator i s  one who carr ies  out instructions "by 
the book," without omitting a s tep,  making an incorrect decision (based 
on the decision rules specified in the instruction s e t ) ,  or incorrectly 
carrying out an instruction. However, t h i s  definition does no t  preclude a l l  
sources of operator error .  For HOS, the significant sources of operator 
error  are : 

(1) Requiring the operator to perform more ac t iv i t i e s  in a given period 
of time than possible (because of human and/or equipment 1 imita- 
t ions) ,  thereby causing the operator to " fa l l  behind" in the 
mission. 

( 2 )  Giving the operator an incorrect s e t  of decision rules and/or 
operating instructions,  thereby causing tact ical  and/or operational 
errors .  

( 3 )  Giving the operator poor displays and/or controls that do not per- 
mit information t o  be read or  controlled with suff ic ient  accuracy 
to  permit proper operation of the system, causing errors t o  occur 
in carrying out subsequent (or concurrent) operations and/or 
requiring the operator to  invest more time, once again causing the 
operator t o  f a l l  behind in the mission. 

These types of errors result in operator performance errors ,  b u t  are 
real ly  fa i lures  in the design of the system -- flaws which the human factors 
engineer must address in proposing design modifications. They are problems 
created when system designers f a i l  to  take into account human performance 



l imitations.  Clearly, they are not errors of the same sort  as when an opera- 
t o r  inadvertently pushes a wrong button -- such errors are e i ther  random and 
of low frequency ( i n  which case i t  i s  unfair t o  use them t o  evaluate the 
nominal performance of the system) or caused by working the operator beyond 
capacity. They are,  however, the types of errors tha t  must be engineered 
out of the system. 

VAL I  DATI ON 

Val idation of any complex model (and particularly a Monte Carlo simula- 
t ion model l ike HOS) i s  fraught with d i f f icu l t ies .  One can argue that  such 
models can never be fu l ly  validated -- the best one can hope for  i s  that  in 
specif ic  s i tuat ions,  given well-defined se ts  of inputs, the model can be shown 
to  produce the outputs that  match expectations, experience and available data. 
The problem i s  even more complex with a model l ike HOS because, unlike simula- 
t ion systems that  manipulate the user ' s  model of a si tuation ( i  . e . ,  the 
inputs) according to incontrovertible mathematical formulae, in HOS there i s  
both the HOS model of the operator and the user ' s  model of how the system 
functions and how the operator will u t i l i ze  i t .  Both models must be valid 
for  the resul ts  of any particular simulation to  be valid. B u t  since human 
behavior i s  so complex, one can never be sure that a l l  possible circumstances 
have been ful ly  described and a l l  possible alternatives foreseen. I t  i s  
therefore almost impossible to validate any specific model . 

Notwithstanding these difficul t i e s ,  e f for t s  have been made to  ensure 
both the val idi ty  of the HOS operator model and the reasonableness of the out- 
puts obtained from specific user models. Tests of the val idi ty  of the HOS 
model have involved simulations of specific experiments drawn from the human 
factors  and experimental psychological 1 i  terature (Refs. 8 ,  10, 11 ) . User 
model validations have included simulations of specific Navy crewstations 
(Refs. 9 ,  12 ,  13).  Both types of simulations have confirmed the general 
val idi ty  of HOS. 

Although comparing model resul ts  with experimental data has generally 
been straightforward, validation of the model in complex mili tary situations 
has been problematical because of the d i f f i cu l t i e s  associated with attempting 
to  capture a l l  the potentially significant variables i n  the simulation. The 
converse of th i s  problem i s  also true -- one can establish a scenario that  can 
be run through HOS, b u t  i t  i s  d i f f i cu l t  ( i f  not impossible) to  se t  u p  real-  
world s i tuat ions ( e .g . ,  at-sea exercises) that  will conform to the hypothetical 
s i tuat ions modeled in the simulations. Further confirmation of the HOS model 
i s  expected as the resul t  of a ser ies  of HOS simulations coupled with labora- 
tory experiments that  are currently in the planning stages. These simula- 
t ions will attempt to ensure the val id i ty  of the model (and will determine the 
values of certain input data quantit ies needed by the model) for  a range of 
si tuations of varying complexity commonly experienced in Naval weapons systems. 
In addition, an e f fo r t  i s  currently underway with NASA Langley that  will t e s t  
a HOS pi lo t  model through i t s  conformance with visual performance data col- 
lected by Spady and Kurbjun (Ref. 2 7 ) .  Preliminary de ta i l s  on th i s  model are 
presented below. 



THE HOS/NASA LANGLEY PILOT MODEL 

An ope ra to r  can be modeled as t imeshar ing  h i s  a t t e n t i o n  among a  s e t  o f  
mon i t o r i ng  procedures designed t o  keep s p e c i f i c  d isp layed  i tems o f  i n f o r m a t i o n  
a t  t h e i r  nominal values. For example, i n  t h e  approach phase o f  an IFR land-  
ing ,  a  p i l o t  t imeshares h i s  a t t e n t i o n  among a t  l e a s t  e i g h t  d i f f e r e n t  i n s t r u -  
ments s imu l taneous ly  -- t h e  ADF, t h e  rada r  a l t i m e t e r ,  t h e  h o r i z o n t a l  and 
v e r t i c a l  s i t u a t i o n  i n d i c a t o r s ,  t he  baromet r i c  a l t i m e t e r ,  t h e  a i rspeed i n d i c a -  
t o r ,  t he  c lock ,  and t he  f l i g h t  d i r e c t o r .  HOS enables t he  a n a l y s t  t o  descr ibe  
t h e  p i l o t ' s  mon i t o r i ng  behav io r  by a  s e t  o f  monitor procedures. Each i n s t r u -  
ment has i t s  own mon i t o r  procedure, e.g.: 

DEFINE THE PROCEDURE TO MONITOR THE ALTIMETER. 
I F  THE ESTIMATED VALUE OF THE ALTIMETER I S  WITHIN LIMITS 
THEN WAIT. 

Such procedures d e f i n e  t he  a c t i o n s  t h a t  t he  ope ra to r  i s  t o  per fo rm i n  
o r d e r  t o  keep t h e  s p e c i f i e d  ins t rument  w i t h i n  a  p rede f i ned  (and dynamica l l y  
m o d i f i a b l e )  s e t  o f  1 i m i t s .  These 1  i m i t s ,  which a r e  de f i ned  around a  desired 
value (a1 so dynamica l l y  m o d i f i a b l e )  can be s e t  t o  a  va lue  o f  zero,  i n  which 
case t h e  p i l o t  w i l l  a c t  1  i k e  an op t ima l  c o n t r o l l e r  by con t i nuous l y  t a k i n g  
a c t i o n s  t o  min imize t h e  e r r o r .  A l t e r n a t i v e l y ,  t h e  l i m i t s  can be s e t  t o  some 
non-zero value, i n  which case t h e  p i l o t  w i l l  o n l y  take  c o r r e c t i v e  a c t i o n  when 
t h e  d i sp layed  i t e m  exceeds i t s  a l l owab le  range o f  v a r i a b i l i t y ,  

Mon i t o r  procedures a re  executed p e r i o d i c a l  l y  w i t h  a  f requency dependent 
upon a  s e t  o f  d e c i s i o n  r u l e s  t h a t  a re  p a r t  o f  t h e  HOS decis ion-making m ic ro -  
model. These r u l e s  use va lues o f  how l ong  i t  has been s i nce  t h e  procedure 
was l a s t  executed, how c l ose  t h e  dev ice  be ing  moni tored i s  t o  i t s  des i r ed  
va lue  and t he  c r i t i c a l i t y  o f  t h e  dev ice  t o  determine which procedure t o  work 
on nex t .  Thus, i f  a l l  dev ices a r e  o f  equal c r i t i c a l i t y  and a t  t h e i r  nominal 
values, each mon i t o r  procedure would be executed once be fo re  any procedure 
was executed a  second t ime. By ass ign ing  app rop r i a te  c r i t i c a l i t i e s  t o  t h e  
dev ices ( o r  t o  t he  mon i t o r  procedures, themselves), t he  a n a l y s t  can c o n t r o l  
t h e  f requency w i t h  which t he  procedures a re  executed. When t h e  va lue  o f  t h e  
dev i ce  d i f f e r s  f rom t h e  nominal , t h e  HOS decis ion-making a1 g o r i  thms w i l l  
p e r t u r b  t h e  a  p r i o r i  c r i t i c a l  i t i e s  (and hence t h e  nominal mon i t o r i ng  f r e -  
quencies)  by an amount dependent on t he  d e v i a t i o n  o f  each dev ice  f rom i t s  
nominal va lue.  These changes i n  the  m o n i t o r i n g  f requenc ies  correspond t o  
t h e  e f f e c t s  t h a t  one sees i n  a  p i l o t ' s  performance when c e r t a i n  dev ices 
become more c r i t i c a l  d u r i n g  c e r t a i n  m iss ion  phases o r  when t h e  p i l o t  ded ica tes  
more t ime  t o  m a i n t a i n i n g  c o n t r o l  over  c e r t a i n  i tems because they  a r e  harder  
t o  c o n t r o l .  

Spady and Kurb jun c o l l e c t e d  (Ref .  27) oculometer da ta  on p i l o t  eye 
movements d u r i n g  bo th  ac tua l  and s imu la ted  approaches and land ings .  T h e i r  
da ta  f u n c t i o n a l l y  descr ibes t h e  v a r i a t i o n  i n  t he  p i l o t ' s  perce ived  c r i t i c a l i t y  
under v a r y i n g  circumstances. The da ta  on coupled ( i  .e., a u t o p i l o t  engaged) 
approaches, f o r  example, (F i gu re  3 ) ,  i s  i n d i c a t i v e  of ope ra to r  m o n i t o r i n g  



frequencies when the operator has a minimum number of functions to perform, 
i . e . ,  when a l l  devices remain within the i r  1 imits and no corrective actions 
are required by the operator. Their data for uncoupled (autopilot disengaged) 
approaches (Figure 4 )  indicates how these frequencies change when additional 
p i lo t  control functions are added. In HOS, th i s  corresponds to increasing 
the p i l o t ' s  hab strength thresholds when the p i lo t  i s  performing the control 
functions and to  the addition of the control ac t iv i t i e s  defined by succeeding 
statements in the monitor procedures. 

I t  i s  expected that  the HOS micro-models will produce eye movement data 
d i rec t ly  comparable to the data obtained by Spady and Kurbjun (Figures 3 
through 5 ) .  

SUMMARY AND IMPLEMENTATION CONSIDERATIONS 

This paper has discussed those aspects of the HOS model pertaining t o  
the inodeling of visual performance data and the e f for t s  that  are currently 
underway to confirm the validity of those models. 

C D R  Norman Lane, Naval Air Development Center, Warminster, Pa., directs  
the Navy's HOS modeling ef for t s .  The Navy i s  anxious to encourage others to  
use the model and will provide access t o  the model for those wishing to .  

HOS consists of three major programs which are in FORTRAN, b u t  use some 
CDC-specific features. The programs would therefore require some ( re la t ive ly  
minor) conversion before they could be used on another computer system. The 
program i s  large ( i t  can use 200K8 words or more of storage for  complex 
simulations4) and, for  complex problems, can be expensive t o  run. However, i t  
offers  the potential for substantial savings when used as a subst i tute  for 
real-time simulations and as a means for  obtaining types of data that  m i g h t  be 
vir tual ly  impossible t o  obtain by any other means. HOS should also be con- 
sidered as an integral part of the system design process, enabling the human 
factors engineer t o  propose, t e s t ,  and e i ther  just i fy  or reject  proposed sys- 
tem designs based upon a clear and consistent model of human performance. 



FOOTNOTES 

'Crit ical  i t i e s  can be expl ici t ly  modified by procedural statements and are 
implicit ly modified by the model's decision-making micro-model. 

2This statement can also be written as ei ther  

IF THE ALTIMETER IS WITHIN LIMITS T H E N  WAIT. 

IF ALTIMETER I S  O K  THEN WAIT. 

or in any one of a number of other semantically equivalent forms. The HOPROC 
syntactical analyzer program translates them a l l  into a standard form for  use 
by the simulator. 

3These data are only indicative of the monitoring frequencies because the 
Piedmont 737's flown were not equipped with an auto th ro t t l e ;  therefore, the 
p i lo t  was required t o  control the airspeed with the th ro t t l e .  

"A version of HOS t h a t  uses the CDC Extended Core Storage f a c i l i t y  i s  also 
available. 
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T = .14324A + ,0175 

Where: A = max (AO, AS) 
+ .2 min (10 .A0)  

TlME 

I P ,P vectors from design eye point 
tn fixation ~ o i n t s  1 and 2. 

DISTANCE (CM) 

Figure 1.- Time f o r  l a t e r a l  eye movements as a funct ion o f  
distance between two targets.  
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Figure 2.- Hab strength as a funct ion  o f  absorption t i m e .  



213m (700 ft) to 3m (100 f t)  alt i tude 
above ground level 
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Figure  3 . -  Time h i s t o r y  of one p i l o t ' s  scan  dur ing  coupled approach. 
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Figure  4.- Time h i s t o r i e s  of one p i l o t ' s  scan  dur ing  manual approach. 
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Figure 5.- Percent time on instruments for manual and coupled approaches. 




