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SUMMARY 

Terrain f l y ing ,  both day and night, is now an Army aviation tact ica l  
requirement. The present invest igat ion compared terrain f l i g h t  during 
Low Level (LL) and Nap-of-the-Earth (NOE) prof i les for:  ( I )  day f l i g h t  
with the unaided eye; (2) night f l i g h t  with the unaided eye; and (3) 
night f l i g h t  using night vision goggles. Data were acquired through use 
of the Helicopter In-F l ight  Monitoring System (HIMS). The total  sets of 
i n - f l i g h t  measures were analyzed separately for both LL and NOE with 
fur ther analysis on the subsets of p i l o t  control variables and a i r c ra f t  
status variables. Mult iple discriminant analysis techniques were used to 
determine which measures best discriminated between visual condit ions. 
For the LL f l i g h t  p ro f i les ,  the results indicate that performance factors 
describing a i r  speed and the frequency of small control inputs best 
discriminated between visual conditions. For NOE f l i g h t  p ro f i les ,  i t  was 
determined that performance factors measuring severi ty of ro l l  angles, and 
the frequency and magnitude of control input, best discriminated between 
the three visual conditions. 
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INTRODUCTION 

Previous experience in Army aviat ion has emphasized the tac t ica l  
requirement for around-the-clock operations I A primary requirement in 
achieving 24-hour capabi l i ty  is development of av ia tor 's  a b i l i t y  to 
perform ter ra in  f l i g h t  pro f i les  during both day and night operations I 
To meet th is requirement and achieve near daytime capabi l i ty  at night,  
a family of night observation devices are under development. One device 
presently being u t i l i zed  in the aviat ion environment is the Night Vision 
Goggles (NVG's) 2'3 The AN/PVS-5 night vis ion goggles were o r i g i na l l y  
developed for ground use but are now considered to be an inter im device 
to aid the p i l o t ' s  night vision. 

The requirement to u t i l i z e  ter ra in  f l i g h t  for  mission accomplishment, 
pa r t i cu la r l y  during periods of reduced i l luminat ion ,  introduces major 
perceptual demands and physiological stress upon the Army av iator" .  The 
low a l t i tudes associated with ter ra in  f l i g h t  place an increased demand 
upon the visual sensory system, seriously taxing the visual resolut ion 
of navigation landmarks, targets, obstacles, and hazards 5 Terrain 
f l i g h t  during reduced i l luminat ion conditions fur ther  impacts the human 
visual sensory system by reducing the spatial and temporal resolut ion of 
th is primary source of information, and by el iminat ing the a b i l i t y  to 
use color information" These res t r i c t ions  on the visual sensory 
system require the aviator to compensate his control input 6 and may 
af fec t  the resul t ing man-helicopter mission capab i l i t y .  

The present invest igat ion was conducted to compare ter ra in  f l y ing  
during dayl ight  hours to that at night when the NVG's are employed. Two 
terra in f l i g h t  prof i les  were selected: low level (LL) and nap-of-the- 
earth (NOE). Only one previous invest igat ion has evaluated aviator 
f l i g h t  performance with and without the aid of the NVG's. This study ~ 
demonstrated that the NVG's provided capab i l i t y  for  f l i g h t  at lower 
a l t i tudes during NOE pro f i les .  The lower a l t i t ude  and the slower mean 
airspeeds demonstrated during NVG's f l i g h t s  required greater control 
workload to avoid obstacles along the NOE course. Again, during low 
level f l i g h t s  i t  was observed that p i lo ts  wearing NVG's generally 
maintained lower a l t i tudes and slower airspeeds re la t i ve  to f l i g h t s  
using the unaided eye. 

The present invest igat ion represents a continuation of an ongoing 
research program to evaluate the ef fects of night v is ion goggles on 
aviator performance and physiology, and the resul t ing ef fects on man- 
hel icopter system performance. In th is  study, ter ra in  f l i g h t  perfor-  
mance was examined under three visual sets: ( I )  unaided eye during 
the day; (2) unaided eye during the night; and (3) night f l i g h t s  using 
the NVG's. The NOE & LL f l i g h t  pro f i les  were evaluated to determine 
which performance parameters dist inguished between the three types of 



visual sets. In addit ion, this research fur ther developed the in-house 
knowledge base regarding aviator and a i r c ra f t  i n - f l i g h t  performance. 
This par t icu lar  invest igat ion made no attempt to compare performance 
between LL and NOE f l i g h t  prof i les .  Rather, this research e f fo r t  
focused on aviator control and a i r c ra f t  response parameters within each 
type of f l i g h t  p ro f i l e .  

The data base u t i l i zed  for the present investigat ion was developed 
from data acquired during two f i e ld  invest igat ions, one involving 
ter ra in  f l i g h t  performance during the dayS; and the second examining 
performance on several f l i g h t  prof i les at night using both the unaided 
eye and NVG's 4. 

METHOD 

Subjects 

Day Fl ight .  Subjects u t i l i zed  to obtain performance data on the 
day terra in prof i les  were six experienced rotary wing aviators. These 
p i lo ts  had an average total  of 2,249 career f l i g h t  hours and had flown 
an average of 1,397.5 of these hours in an a i r c ra f t  s imi lar  to the test 
a i r c ra f t .  Four of the aviators had extensive NOE experience, each 
having flown an average of 153.7 NOE hours. The remaining two p i lo ts  
had less experience with this type of f l i g h t  p ro f i l e .  

Night F l ight .  Subjects u t i l i zed  in obtaining the unaided eye night 
and the NVG's night p ro f i l e  performance data were six rotary wing Army 
aviators assigned to the Advanced Tactics Division, Department of Under- 
graduate Fl ight  Training, US Army Aviation School, Fort Rucker, Alabama. 
These subjects were also experienced, with an average of 1,960 f l i g h t  
hours in rotary wing a i r c ra f t .  All were experienced in nap-of-the-earth 
f l i g h t  and had completed the Army t ra in ing on this type of p ro f i l e .  
These subjects had no pr ior  experience with the night vision goggles. 

Apparatus 

Visual Device. The AN/PVS-5 night vision goggles are se l f  contained, 
battery powered, passive, second generation, binocular devices (Figure 
I ) .  The NVG's used for this invest igat ion were 40 ° f ie ld-o f -v iew (FOV) 
goggles focused at i n f i n i t y .  The NVG's weigh approximately 1.9 pounds 
and are mounted on SPH-4 helmets with snaps and velcro attached straps 
(Figure 2). A more detai led description of the device can be found 
in USAARL Report Number 76-278 

Data Acquisit ion 

The test vehicle (Figure 3) was a JUH-IH hel icopter instrumented to 
measure and record p i l o t  control inputs and a i r c ra f t  posit ions, rates 

2 
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FIGURE 1. NIGHT VISION GOGGLES, AN/PVS-5 



FIGURE 2. AVIATOR WEARING NIGHT VISION GOGGLES 



FIGURE 3. JUH-1H RESEARCH HELICOPTER 
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FIGURE 4. HELIC OPTER IN-FLIGHT 

SYSTEM (HIMS) 
MONITORING 



and accelerations. The Helicopter In-Flight Monitoring System (HIMS) 9 
(Figure 4), which is integrated into the helicopter control system, 
measures aircraf t  positions in six degrees of freedom while simultaneously 
recording cyclic, collective, and pedal inputs and aircraf t  status 
values. These data were recorded in real time using an incremental 
digi tal  recorder. 

Procedure 

Day Flight. For the day terrain f l igh t  ~rofi les, the six subjects 
were divided into two groups of three p i lo ts ' .  The two groups 
flew NOE and LL f l igh t  profiles on one day and local area f l ights 
on another day in a counterbalanced order. On the day in which subject 
pilots flew the NOE and LL f l i gh t  profi les, they were briefed at the 
laboratory and then flown to the High Falls Stagefield, where testing 
was conducted. Each subject viewed the LL course (Figure 5) and the 
adjacent NOE course during a famil iarization f l igh t  conducted by the 
safety p i lo t  at an alt itude of 500 feet MSL and an airspeed of 80 
knots. After the period of orientation, the subject p i lo t  took 
control of the aircraf t  and returned to the starting point at the same 
alt i tude and airspeed. The subject then conducted a practice f l i gh t  
consisting of a LL f l i gh t  to the start of the NOE course, and a NOE 
f l i gh t  through the established river course. After these famil iarization 
runs were completed, the subject flew three recorded f l ights consisting 
of the LL segment followed by the NOE segment. Each p i lo t  was requested 
to hold a specific heading and maintain an alt itude of 200 feet MSL and 
an airspeed of 80 knots during the LL portion of the f l ights.  This alt i tude 
placed the aircraf t  approximately five to forty feet above the tree cover 
along this route. The LL route was preselected and conformed generally 
to a straight l ine at a constant airspeed and indicated alt i tude. During 
the NOE f l i gh t ,  each subject was instructed to follow a segment of the 
Choctawhatchee River. Subject pi lots were directed to maintain a track 
in the middle of the r iver such that the ai rcraf t  would be approximately 
40 feet above the river bed with the rotor blades at or s l ight ly  above 
tree top level. Subject pi lots were also asked to maintain a 45 knot 
airspeed although i t  was recognized that this airspeed could not be 
maintained throughout the winding NOE course. This constraint was 
imposed to force the p i lo t  to make airspeed and alt i tude trade offs 
while trying to complete the course as quickly as possible and maintain 
maximum concealment. The NOE segment of each f l igh t  required approxi- 
mately seven to eight minutes, and the low level segment took approxi- 
mately two to five minutes. Data for the present investigation were 
taken from the final recorded LL-NOE f l ights.  

Night Flight. During testing on the night terrain f l igh t  profi les 
using the unaided eye and 400 FOV NVG's, subjects were divided into two 
groups; one group receiving 30 minutes f l igh t  training with NVG's simu- 
lators, and the second group receiving 30 minutes laboratory famil iarization 
with the goggles in a darkened room 6. Prior to the LL-NOE phase of 



SCALE I : 5 0 , 0 0 0  C O N T O U R  I N T E R V A L  2 0  FEET 
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FIGURE 5. LOW LEVEL A N D  NOE TESTING COURSES 



study, the subjects completed 65 minutes of night t ra in ing and test ing 
with three d i f f e ren t  sets of NVG's (40 o FOV, 60 o FOV, and 40 o FOV b i foca ls ) .  
The prel iminary test  p ro f i l e  consisted of a set of standard maneuvers. 
Immediately before the LL-NOE port ion of the study, the subjects were 
given a 20 minute refresher period with the NVG's. 

During the LL-NOE phase of the study, the subjects were i n i t i a l l y  
given a day or ienta t ion f l i g h t  by the safety p i l o t  over both the LL and 
NOE courses. The subject then f lew the course at 200 feet  MSL and 
f i n a l l y  made an actual LL-NOE f l i g h t  under day l ight  condi t ions. Subjects 
were instructed to choose an a l t i t ude  and airspeed which was safe and 
yet maintain maximum masking during a l l  f l i g h t s .  

During the night test ing periods, each subject f lew one unaided eye 
LL-NOE f l i g h t ,  fol lowed by one LL-NOE f l i g h t  with each of the three 
types of goggles and then completed a f i na l  unaided eye f l i g h t .  Data 
from th is  f i na l  unaided eye LL-NOE f l i g h t  and from the LL-NOE f l i g h t  
with 40 o FOV NVG's were used in the present invest igat ion.  

The LL and NOE course used in the night f i e l d  invest iga t ion  was 
approximately one-half the length of the course u t i l i z e d  for  the day 
te r ra in  f l i g h t  test ing.  The end point  of the LL course and the s ta r t  
point of the NOE course was ident ica l  for  both studies (Figure 5). 

Analysis 

Separate analyses were conducted for  the LL and NOE segments of each 
f l i g h t .  Before the analysis each of the LL and NOE f l i g h t  segments were 
standardized to insure data compat ib i l i t y  across the two f i e l d  studies. 
For the NOE segments, th is  standardizat ion was accomplished by select ing 
data that occurred between a speci f ied point  approximately .3 miles from 
the s ta r t  of the course and a point  approximately 3.5 miles from the 
s ta r t .  In th is  way, the data from both f i e l d  studies represented the 
same NOE course. Since the LL segment was used to pos i t ion the a i r c r a f t  
at the s ta r t  of the NOE segment, th is  course was necessari ly d i f f e r e n t  
for  the two f i e l d  invest igat ions.  The LL segments were standardized by 
select ing segments of data which occurred during LL f l i g h t  excluding the 
ascent during take o f f  and descent to the NOE s tar t ing  point .  Absolute 
heading was el iminated as a possible measure of comparison between 
visual set condit ions ( i . e . ,  day LL f l i g h t ,  naked eye night LL f l i g h t ,  
or NVG's LL f l i g h t ) .  A recording malfunction during the night and NVG's 
f l i g h t  segments for  both the LL and NOE f l i g h t s  reduced the test  population 
to f i ve  subjects for  the night and NVG's visual condi t ion groups. 

The i n i t i a l  analysis phase consisted of generating summary s t a t i s t i c s  
from HIMS data col lected for  each LL and NOE f l i g h t  segment. The avai lable 
system provides 325 d i rec t  or derived measures describing p i l o t  control 
inputs and a i r c r a f t  pos i t ion,  rates and accelerat ions. The summary 



s t a t i s t i c s  from the NOE and LL f l i g h t s  were examined separately to 
determine which variables measured redundant information and which 
measures furnished a continuous d i s t r i bu t i on  of values across the three 
types of visual condi t ions. Any measures which provided data for  
one type of visual condi t ion,  but which showed no observed values for  
the other visual condit ions were el iminated from fur ther  analysis. 
On the basis of th is  examination, 64 measures were selected as appropriate 
for  analyses of the LL f l i g h t  segments and I00 measures were selected 
for  analyzing the NOE data. These two sets (LL and NOE) of selected 
measures were then each fu r ther  c lass i f i ed  into two subsets which 
represented: ( I )  p i l o t  control measures and (2) a i r c r a f t  status measures. 

The second analysis phase entai led submitt ing the LL set and the 
NOE set of selected measures, and each of the p i l o t  control and a i r c r a f t  
status subsets to a c lus ter  analysis program~ This program developed 
c lusters or groups of h ighly  correlated var iables. Each c lus ter  was 
then considered as one independent var iable and was represented in 
subsequent analyses by the one var iable which obtained the highest 
c lus ter  loading. 

The unclustered variables and the variables representing each 
c lus ter  were then submitted to a stepwise discr iminant  analysis 
program. This program was u t i l i z e d  to evaluate the a b i l i t y  of the in-  
f l i g h t  performance measures to discr iminate between the three visual 
condi t ions. The f ive most d iscr iminat ing variables i den t i f i ed  in the 
or ig ina l  stepwise d iscr iminant  analysis were re-examined with the step- 
wise d iscr iminant  program, without the lesser d iscr iminat ing var iables,  
thus ensuring mu l t i va r ia te  F ra t io  s t a b i l i t y .  

The output of the stepwise d iscr iminant  program provides a mu l t i va r ia te  
F value fo r  di f ferences between the three visual condi t ions,  a Wilk 's 
Lambda (U-S ta t i s t i c )  to test  the equal i ty  of visual condi t ion group 
means, and an F value matr ix to test  the equal i ty  of grJup means between 
each pair  of groups. This program also provides a c l ass i f i ca t i on  matr ix 
which indicates the proport ion of aviators s t a t i s t i c a l l y  c lass i f i ed  into 
the appropriate visual group on the basis of the most d iscr !minat ing 
performance measures. 

The f ive i n - f l i g h t  performance measures found to be mosc d iscr iminat ing 
in the stepwise analysis were then examined in Veldman's I° mu l t ip le  
d iscr iminant  analysis program. This program provides univar ia te F 
rat ios fo r  each var iable included, mu l t i va r ia te  d iscr iminant  weights fo r  
each var iab le,  a Wilk 's Lambda value, an estimated Omega square, and a 
Chi square approximation to test  the s igni f icance of each d iscr iminant  
funct ion.  The Omega square value, a measure of to ta l  d iscr iminatory  
power, gives an estimate of the percentage of to ta l  v a r i a b i l i t y  in 
d iscr iminant  space that  is relevant to group d i f f e r e n t i a t i o n .  The primary 
reason for  u t i l i z i n g  Veldman's program was to determine each var iab le 's  
cont r ibut ion to the d iscr iminat ion of the three visual groups. This 
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relative discrimination ab i l i t y  was indicated by the adjusted discriminant 
weights (D weights) assigned each variable for each of the discriminant 
functions or roots. Primary contributors to a discriminant root were 
considered to be those weights whose absolute values were no less than 
approximately one-half the largest weight. 

RESULTS AND DISCUSSION 

Low Level Fl ight 

Cluster Analysis. A cluster analysis was obtained for each of 
the three subsets of low level f l i gh t  data. The f i r s t  cluster analysis 
examined the total set of both aircraft  status and p i lo t  control measures. 
The second analysis examined only p i lo t  control measures and the third 
analysis examined only aircraft  status measures. The subset of p i lo t  
control measures selected for further analysis is found in Table IA. 
The final analysis subset obtained from the cluster analysis of 
aircraft  status measures is presented in Table IB. When the entire 
set of low level f l i gh t  measures was examined, correlations between 
aircraft  status measures and p i lo t  control measures were ut i l ized in 
developing clusters. Thus, the subset of variables selected for f inal 
analysis was somewhat different than a s t r i c t  addition of the two previous 
variable subsets. Those variables in Tables IA and IB which were also 
selected in the cluster analysis of al l  low level f l i gh t  measures are 
identif ied. Variables which were included in the total LL variables 
analysis subset but not included in either Table IA or IB are found in 
Table IC. 

Total In-Flight Variable Set. The five most discriminating in- 
f l i g h t  performance measures taken from the entire LL variable set are 
referenced in Table 2A. These measures are presented in the order in 
which they were selected by the stepwise discriminant analysis. The 
multivariate F values and the Wilk's Lambda or U-statist ic values are 
also provided in Table 2A. Using the set of variables in Table 2A, 
a perfect classif ication of each f l i gh t  prof i le into i ts appropriate 
visual condition group was possible. 

In Table 3A are found the adjusted discriminant weights for those 
variables that best discriminated between the visual conditions when al l  
LL variables were considered. These weights indicate that the average 
or mean pitch angle of the aircraft  was best able to discriminate 
between visual groups. Mean rol l  rate and mean airspeed values were 
also signif icant discriminators in identifying the dif ferent visual 
conditions for the LL f l i gh t  profi les. In al l  analyses for both LL and 
NOE f l ights ,  only the f i r s t  discriminant function or root accounted for 
a significant amount of the variance. Each of the variables that 
contributed most highly to group discrimination was related to airspeed 
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Table 1 

Variables Selected Through Cluster Analysls Low Level F11ghts 

A. Pi lo t  Control Measures 

1) 
2) 
3) + 
4)  + 
S) + 
6) 

g) + 
I0) + 
Ill + 
12) 
13) + 
1 4 )  + 

Is) 
161+ : ' 
17 + @ 
18) + 
Ig) + 

Cycl ic  Fore-Af t  CoBtrol Post t ten - Nun 
Cycl ic  Le f t -R igh t  Control P o s i t t o n -  Mean 
Co l l ec t i ve  Control P o s t t t o n .  Mean 
Pedal Control Position - Mean 
Cyclic Fore-Aft Control Position - Standard Deviation 
Cyclic Left-Right Control Position - Standard Deviation 
Collective Control Position - Standard Deviation 
Pedal Control Position - Standard Deviation 
Cyclic Fore-Aft Absolute Control Movement Megnltu~ - Mean 
Cyclic Left-right Absolute Control Moev~nt Magnitude - 141ean 
Cyclic Fore-Aft Number of Instantaneous Control Reversals 
Cyclic Left-Right Number of Instantaneous Control Reversals 
Collective Number of Instantaneous Control Reversals 
Pedal Number of Instantaneous Control Reversals 
Cyclic Left-Right Number of Control Reversals 
Collective Number of Control Movements 
Pedal Number of Control Movements 
Cyclic Left-Right Percent of Total Time in Control Steady State 
Collective Percent of Total Time in Control Steady State 

B. A i rcraf t  

20) + * @ 
21) + 
22) + * @ 
23) + 
2 4 )  
~s) 
26) 

27) + 
28) ÷ 
Z9) 
30) + 
31) + 
3Z) + 
33) + 
3 4 )  + 
3 5 )  + * @ 
36) + * @ 
37) @ 
38) + * @ 

3g I + 4 0  + * @ 

Status Measures 

PitCh - Mean 
Roll - r~an 
Pitch - Standard Deviation 
Roll - Standard Deviation 
Roll - Average Absolute Error (AAE) 
Pitch - Root Mean Square (RMS) Error 
Roll - Root Mean Square Error 

Heading - Standard Deviation 
Heading - RMS Error 
Z Axis Acceleration - Mean 
X Axis Acceleration - Standard Deviation 
Y Axis Acceleration - Standard Deviation 
Z Axis Acceleration - Standard Deviation 
Roll Rate - Mean 
Pitch Rate - Mean 
Roll Rate - RMS Error 
Pitch Rate - RMS Error 
Yaw Rate - RMS Error 
Altitude - Mean 
Altitude - Standard Deviation 
Airspeed - Mean 

C. Additional Measures Resulting Fro~ the Cluster Analysis of the Tot.el 
Set of Low Level Variables 

I ) +  
2) + 

+ 

5) + 
6) + 

Cyclic Fore-Aft Number of Control Reversals 
Pitch - Average Absolute Error (AAE) 
Roll - AAE 
Y Axis Acceleration - Mean 
Z Axis Acceleration - )lean 
Yaw Rate - Standard Deviation 

+ - Indicates that this variable was selected through cluster analysis when the 
total  set of  low level variables were considered. 

@ - Indicates that this variable was chosen to represent a cluster of ~ar iables within 
the appropriate variable subset. 

* - Ind ica tes  tha t  th i s  var iab le  was chosen to represent a c l u s t e r  o f  var iab les  
when the entire set of low level variables were consldered~ 
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T a b l e  2 

S t e p w i s e  D l s c r i m i n a n t  A n a l y s i s - L L  F l i g h t  Summary Da ta  

V a r i a b l e  E n t e r e d  F V a l u e  d f  P U - S t a t i s t i c  

A. T o t a l  S e t  o f  I n f l i g h t  V a r i a b l e s  
1.  Mean R o l l  Ra te  9 0 . 6 4  2 / 1 3  < .01  .0669  
2 .  Mean P i t c h  Angle  2 2 . 2 8  2 /12  < .01 .0142  
3.  C o l l e c t i v e  C o n t r o l  

I n s t a n t a n e o u s  C e n t r o l  
R e v e r s a l s  - # 7 . 5 9  2 / 1 1  < .01  .0060  

4.  Mean A i r s p e e d  8 . 3 9  2 / 1 0  < .01  .0022  
S. S t a n d a r d  D e v i a t i o n  - Head ing  5 . 6 3  2 / 9  < .0S .0010  

B. P i l o t  C o n t r o l  V a r i a b l e  S e t  
1 .  C o l l e c t i v e  C o n t r o l  

I n s t a n t a n e o u s  C o n t r o l  
R e v e r s a l s  - # 5 8 . 6 0  2/13 < .01 .0998  

2. C y c l i c  L e f t - R i g h t  C o n t r o l  
C o n t r o l  P o s i t i o n  Mean 12 .72  2 /12  < .01 .0320  

3. C y c l i c  F o r e - A f t  C o n t r o l  
I n s t a n t a n e o u s  C o n t r o l  
R e v e r s a l s  - # 3 . 0 5  2 / I 1  < .10  .0206  

4 .  P e d a l  C o n t r o l  
C o n t r o l  P o s i t i o n  S t a n d a r d  
D e v i a t i o n  2 . 4 5  2 / 1 0  < .25  .0138  

5.  C o l l e c t i v e  C o n t r o l  
C o n t r o l  P o s i t i o n  Mean 2 . 1 7  2 /9  < .25 . 0 0 9 3  

C. A i r c r a f t  S t a t u s  V a r i a b l e s  
1. Mean - R o l l  Ra te  9 0 . 6 4  2 / 1 3  < .01  .0669  
2.  Mean - P i t c h  Angle  2 2 . 2 8  2 /12  < .01  .0142  
3 .  Mean - A i r s p e e d  7 . 1 8  2 /11  < .01 .0062  
4.  S t a n d a r d  D e v i a t i o n  - Head ing  3.O4 2 / 1 0  < .10 . 0 0 3 8  
5. S t a n d a r d  D e v i a t i o n  - A l t i t u d e  2 . 8 9  2 / 9  < .10  . 0 0 2 3  

Table $ 

Multiple  DtscrrJnmant Analrsis-LL Fl ight  Summary Data 

~djusted 
Day Ntght NVG D Weights 

Variable Entered /¢Jean Mean Mean F a Root I 

A. Total  Set I n f l i g h t  Variables 
1. ~ a n  Roll Rate .96 .10 .0S 90.65 *4 .455 
2. ~lean Pltch Angle -3.07 - .96 .93 25.88 *j - .543 
3. Col lec t ive  Control-lrtstantaneous 

Control Reversals - ~ 684 375 444 58.$9 t* .IS1 
4. ~lean Airspeed 70.69 65.12 SS.23 3.69 -.323 
5. Standard Deviation-t~ading 4,58 2.52 3.68 1.88 .212 

Root I * 98.6~ o f  v a r i a n c e  X Z = 6 5 . 6 4 ,  d f  = 6 ,  p < .0001 
Total Dascrintinatory Pm~er (EstiJmated Omega Squared) * .9988 

B. P i lo t  Control Measures 
t .  Col lec t ive  Control-Instantaneous 

Control Reversals - # 684 375 444 58.59 ~* .495 
2. Cyclic Left-Right Control 

Posi t ion ~ a n  -1.35 - .63 - .63 10.16"* -.381 
3. Cyclic Fore-Aft Instantaneous 

Control Reversals - # 428 298 364 5.34* .314 
4. Pedal Control,  Control 

Posit  ion Standard Deviation .293 .278 .298 .08 -.277 
5. Col lec t lve  Control,  Control 

Positaon Mean 3.35 3.49 3.53 1.04 .136 

Root 1 = 98.61 of variance X 2 * 49.09,  df = 6, p < .001 
Total Discriminatory Pe,~er (Estimated OFaega Squared) * .9886 

C. Ai rc ra f t  Status Values 
1. ~4ean Roll Rate .96 .10 .05 90.64 *i - .457 
~i Mean Pitch Angle -3,07 -.95 .93 25.88 ~ .477 

~ a n  Airspeed 70.69 65.12 55.23 3.69 ,217 
4. Standard Deviation-Heading 4.58 2.57 3.67 1.87 -.150 
5. Standard D e v i a t i ~ - A l t i t u d e  21.46 44.11 30.91 3.26 .094 

Root 1 = 99.61 of variance X 2 * 65.54,  df  - 6,  p < .0001 
Total  Discrxmnatory Power (Estimated Omega Squared) - .9971 

aun lvar la te  Y, df  = 2,13 ~tp < .01 'p  < .05 
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during actual f l i gh t  conditions. I t  is interesting to note that unaided 
eye night f l i gh t  more resembled day f l i gh t  than did NVG's f l igh ts  in 
terms of these airspeed related variables. This is i l lus t ra ted in 
Figure 6 'which prese~ts the groups centroids along Root I. However, i t  
should be noted that the two night f l igh ts  are most similar and are 
disti '~ct ~rom the da~ f l i gh ts .  

TOTAL CONTROL 

3.5 m -- t D  3.0 AY (3.192) 

2.5 
VOOH(2.2 ~:1 2.0 T (I .965) 

1.5 AY (1.507) 

1.0 

.5 

o (-.iss) 
--.5 

--1.0 

- - I . S ' -  . 

AIRCRAFT 
mm • 

)NVG (.402) 
)NIGHT (196) 

~DAY (--I.017) 

GROUP CENTROID PLACEMENT ON ROOT T 

FOR LOW LEVEL FLIGHT DATA 

FIGURE 6 

Pilot Control Variables. The five most discriminating variables 
selec{ed from t'he p i lo t  control variables for distinguishing between 
the day, night, and NVG's f l igh t  segments are found in Table 2B. Again 
i t  was possible to perfectly classify each aviator's f l igh t  into the 
appropriate visual group on the basis of these five variables. Those 
variables showing tF~ largest contribution to discrimination are 
l isted in Table 3A. The number of instantaneous control reversals for 
the collective control and the number of instantaneous control reversals 
for the cyclic fore-aft control indicate that during day f l ights 
aviators made more minute adjustments in these controls during LL 
f l igh t .  I t  is notabl,, that the next largest frequency of these control 
reversals was made by those aviators wearing the NVG's. The control 
position mean for the cyclic le f t / r igh t  control measure indicates that 
for the day LL fllghz~, aviators increased le f t  cyclic due to the greater 
airspeed of day f l ights as compared to either the night unaided eye 
f l ights or the NVG'~ f l ights. The lowest of the major contributors, 
pedal control position standard deviation, shows that during NVG's 
f l i gh ts  aviators t ~ n ~  to make s l igh t l y  larger pedal control movements 
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away from average position than they did during day or night f l ights.  
The centroid placement in Figure 6 for pi lot  control variables demon- 
strates that in terms of control inputs, the NVG's f l ights were more 
similar to day f l ights than when the total set of LL f l ight  variables 
was considered. Again i t  should be noted that the NVG's f l ights and the 
unaided eye night f l ights demonstrate the closest similar i ty and are 
obviously dist inct from the day f l ights.  

Aircraft Status Variables. The most discriminating variables 
selected by the stepwise discriminant analysis from the set of aircraft 
status values are presented in Table 2C. Perfect classification of 
f l ights into the appropriate visual condition group was obtained using 
the five variables. 

Mean rol l  rate and mean pitch angle were again the two highest 
contributors to discrimination of visual groups, with mean airspeed 
providing the third largest contribution (Table 3C). I t  would 
appear that an airspeed factor, as expressed by these three variables, 
contributes most to overall discrimination of the three types of 
visual conditions. For these data, unaided eye f l ight  at night 
more resembled day f l ights than did the NVG's f l ights,  although the 
NVG's and night f l ights are again the most similar (Figure 6). 

NOE Flight 

Cluster Analysis. In Table 4 are presented the variables selected 
after cluster analysis of the pi lot  control measures (Table 4A) and 
the aircraft  status measures for the NOE f l ights (Table 4B). Variables 
selected through the cluster analysis when the total set of NOE 
f l ight  variables were considered are again identified in Table 4A and 
Table 4B. Those measures that were unique to the analysis of the total 
NOE variables set are presented in Table 4C. 

Total In-Flight Variable Set. The five variables that contributed 
the mo'st to discrimination between visual conditions during NOE f l igh t  
segments are presented in Table 5A. On the basis of these five variables, 
i t  was not possible to obtain perfect classification of NOE f l ights into 
visual groups. One NVG's f l ight  segment was classified as an unaided 
eye night f l ight .  The addition of mean pitch rate as a classifying 
variable enabled perfect classification, although this procedure was not 
implemented due to the limited group sample size. Inspection of Table 6A 
shows that the five variables from the total NOE in- f l ight  variable set 
did account for a highly significant amount of variance (99.86%). Of 
the three variables (Table 6A) which contributed most to visual group 
discrimination, none obtained the magnitude of adjusted D weights 
as observed in the LL analysis. This suggests that no individual variable 
or cluster of variables was able to overwhelmingly identify visual group 
conditions during NOE f l ight  segments. The three variables that contributed 
most to the group discrimination, i .e . ,  Y axis mean acceleration, mean 
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able 4 

ariables Selected Through Cluster Analysis - NOE Flights 

~, P i lo t  Control Measures 

I)4, 
2) + 
3 ) +  * @ 
4) + 
5) + 
6 ) + * @  
7) + 
8) + 
g ) +  * @ 

4, 
2 ) +  * @ 

4"''4, 
5) + 

+ 
a ) +  
9) 4, 
o) 4, 
1) 4, 
2) 4, 
?) 4, 

5) + 
5 } +  * @ 
7) + 
~)+ * @ 
~)+ * @ 
) ) +  * @ 

Cyclic Fore-Aft - Control Position Mean 
Cyclic Left-Right - Control Position Mean 
Col lect ive - Control Position Mean 
Cyclic Fore-Aft - Control Position Standard Deviation 
Collect ive - Control Position Standard Deviation 
Cyclic Left-Right Absolute Control Movement Magnitude - Mean 
Collect ive Absolute Control Movement Magnitude - Mean 
Pedals Absolute Control Movement Magnitude - Mean 
Cyclic Fore-Aft Absolute Control Movement Magnitude - Standard Deviation 
Pedals Absolute Control Movement Magnitude - Standard Deviation 
Cyclic Left-Right Absolute Average Control Movement Rate - Mean 
Cyclic Fore-Aft Absolute Average Control Movement Rate - Standard Deviation 
Cyclic Left-Right Absolute Average Control Movement Rate - Standard Deviation 
Pedal Posit ive Control Movement Magnitude - Mean 
Pedal Posit ive Control Movement Magnitude Standard Deviation 
Cyclic Left-Right Posit ive Average Control Movement Rate - Mean 
Pedal Positive Average Control Movement Rate - Mean 
Pedal Posit ive Average Control Movement Rate - Standard Deviation 
Cyclic Fore-Aft Negative Control Movement Magnltude - Mean 
Pedal Negative Control Movement Magnitude - Mean 
Pedal Negative Control Movement Magnitude - Standard Deviation 
Cyclic Fore-Aft Negative Average Control Movement Rate - Mean 
Cyclic Left-Right Negative Average Control Movement Rate - Moan 
Cyclic Fore-Aft Negative Average Control Movement Rate - Standard Deviation 
Cyclic Left-Right Negative Average Control Movement Rate - Standard Deviation 
Pedals Negative Average Control Movement Rate - Standard Deviation 
Cyclic Left-Right - Number of Instantaneous Control Reversals 
Cyclic Fore-Aft - Number of Control Reversals 
Col lect ive - Number of  Control Movements 
Pedals - Number of Control Movements 

A i r c ra f t  

+ 

@ 
+ @ 
+ *  
+ 
+ 
4, 
+ 
+ 
4, 

@ 
@ 

+ * @ 
+ 
4, 

Status Measures - NOE 

Roll - Mean 
Pitch - Standard Deviation 
Pitch - Average Absolute Error 
Heading - Mean 
Heading - Standard Dewation 
Y Axis Acceleration - Mean 
X Axis Acceleration - Standard Deviation 
Y Axis Acceleration - Standard Deviation 
Roll Rate - Mean 
Pitch Rate - Mean 
Yaw Rate - Mean 
Yaw Rate - Standard Deviation 
Roll Rate - Root Mean Square Error 
A l t i tude  - Mean 
A l t i tude  - Standard Deviation 
Airspeed - Standard Deviation 

Addit ional Measures Resulting From the Cluster Analysis of  the Total 
NOE Measures 

+ ¢t 
+ * 

4, * 

Pitch - Root Mean Square Error 
Roll - Root Mean Square Error 
Pitch Rate - Average Absolute Error 

Indicates that  th is  variable was selected through by c lus te r  analysis wher~ the to ta l  
set o f  NOE variables were clustered. 

Indicates that  th is  variable was chosen to represent a c luster  of variables 
wi th in  the appropriate variable subset. 

Indicates that  the variable was chosen to represent a c lus ter  of  variables 
when the en t i re  set o f  NOE variables were considered. 
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T a b l e  S 

S tepwtse  D i s c r i m i n a n t  A n a l y s i s  NOE F l i g h t  Summary Data 

V a r i a b l e  E n t e r e d  F Value  d f  U - S t a t i s t i c  

A. T o t a l  Se t  o f  I n f l i g h t  V a r i a b l e s  
1. Y Axis - Mean A c c e l e r a t i o n  57 .58  2 /13  
2.  Mean Ro l l  Rate 16 .56  2/12 
3.  Mean R o l l  Angle 11 .11 2/11 
4 .  C o l l e c t i v e  C o n t r o l - A b s o l u t e  

Con t ro l  Movement Magnitude Mean 6.b4  2/10 
S. Pedal  C o n t r o l - A b s o l u t e  Con t ro l  

Movement Magnitude S tandard  
D e v i a t i o n  10.20 2 /9  

B. P i l o t  Con t ro l  V a r i a b l e s  
1. C o l l e c t i v e  Control-Mean Con t ro l  

P o s i t i o n  23 .07  2 /13  
2.  C y c l i c  L e f t - R i g h t  Con t ro l  

Abso lu te  Average Movement Rate 
Mean 7 .80  2 / t 2  

3. Pedal  C o n t r o l - p o s i t i v e  Con t ro l  
Movement Magnitude Mean 5 .00  2 /11  

4.  Peda l  C o n t r o l - A b s o l u t e  Cont ro l  
Movement Magnitude Mean 3 .05  2 /10  

5.  C y c l i c  L e f t - R i g h t  Cont ro l  
P o s i t i o n  blean 2 .43  2 /9  

C. A i r c r a f t  S t a t u s  Values  
1. Y Axis - mean a c c e l e r a t i o n  57 .58  2 /13  
2. Mean Ro l l  Rate 16 .56 2/12 
3. Mean Rol l  Angle 11.11 2/11 
4. Standa rd  D e v i a t i o n  A i r speed  5 .89  2 /10  
5.  Mean Heading 4 .01  2 /9  

< . 0 l  
< .01 
< .01 

< .0S 

< .01 

< .01 

< .01 

< .05 

< . i 0  

< .25 

< .01 
< .01 
< .01 
< .05 
< . i 0  

.1014 

.0270 

.0089 

.0038 

.0012 

.2198 

.0955 

.0500 

.0311 

.0202 

.1014 

. 0270  

.0089 

.0041 

. 0022  

Table 6 

Multiple D1scrtmlnant Analy~is NOE Flight  Stmr~ary Data 

Adjusted 
Day Night NVG D Weights 

Var*able Entered Mean Mean Mean F a Root I 

A, Total i n fhgh t  Variable ,Sets 
I. Y Axis - Mean Acceleratlon .055 -.010 +.016 57.59 A* .044 
2. Mean Roll Rate .881 .114 .033 19.61'* .042 
3. Mean Roll Angle .502 -1.505 -1.841 9.16 I* -.034 
4. Col lect ive  Control Absolute 

~vement Magnitude - Mean .644 .559 .417 3.19 .018 
5. Pedal Control Absolute Control 

~ovement Magnitude - Standard 
Deviation .339 .637 .334 3.56 -.013 

Root I = 99.85% of varxance X 2 - 74.46, df  - 6, p ~ .O001 
Total Discriminatory Power (Estimated Omega Squared) - .9986 

B, Pl lut  Lontrol Varlables 
1. Collect ive Control Position Mean 2.958 3.650 4.032 23.07 *" .466 
2. Cyclic Left-Right Control 

P.tovement Rate Mean 4.458 4.885 4.692 4.31 -.358 
3. Pedal Control - Posi t ive Control 

~lovement Magnitude Mean .614 .756 .461 3.93 -.342 
4. Pedal Control - Absolute Control 

Movement Hagnitude Mean .018 .699 .543 2.04 .222 
5. Cyclic Left-RXght Control 

Positron ~ean -1.598 -1.154 -1.147 6.69* .111 

Root I = 93.67% of variance X 2 - 36.56, df = 6, p < .0001 
Total Discriminatory Power (Estimated Omega Squared) = .9752 

C. Ai rc ra f t  Status Values 
l .  Y Axzs - t~ean Acceleration .055 -.010 -.016 57.58 *~ .044 
2. Mean Roll Rate .881 .114 .033 19.61"* .037 
3. Mean Roll Angle .502 -1.505 -1.841 9,10 "n -.UZ~ 
4. Standard Deviation Axrspeed 4.717 7.389 4,573 6.73** .00S 
5. Mean tleadlng 214 215 211 1.07 .012 

Root I ~ 98.281 of variance X 2 - 58.99, df * 6,  p < .001 
Total Dt~crlminatory Power (Estbnated Omega 5x{uared) • .9973 

aUnlvarlate F v.Jue,  df = 2,13 **p < .01, *p ~ .05 
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r~ l l  ~ 'e, and m,~a~ - r o ] l  angle, were interpreted to represent a r o l l  sever i ty  
f,,cto, The day g, oup of f l i g h t s  demonstrated the largest  values for  th is  
:<ctoF !he posi t ion of group centroids in Figure 7, for  the to ta l  NOE 
v,,r'ab ,~ , i l l u s ~ t e ~  the close s i m i l a r i t y  ~f night and NVG's f l i g h t s .  

. 3 1  i 

? 

I 

.~0 

- - !  

--2 

~.7I • 

TOTAL CONTROL AIRCRAFT 
I I I I 

i ~DAY (.107) 

I NIGHT (017)  
NVG (.012) 

i 

i 

i -  

T~ AY (.2ie) 
IGHT (.207) 
VG (.19s) 

NVG | ~ . 0 9 3 )  

NIGHT ( - . 4 7 4 |  

DAY ( - . 6 5 0 )  

GROUP CENTROID PLACEMENT ON ROOT T 
FOR NOE FLIGHT DATA 

FIGURE 7 

An examination of the group means (Table 6) provides several in teres t ing  
resul ts .  These data demonstrate that the sever i ty of r o l l  angle increased 
during the day f l i g h t s  as compared to night and NVG's f l i g h t s .  In addi t ion,  
these values indicate that the average d i rec t ion  of r o l l  angle changed from 
r igh t  ro l l  angle during the day to l e f t  r o l l  angle at night.  This f ind ing 
is somewhat surpr is ing in that i t  suggests that the p i l o t ,  f l y i ng  from the 
r i j h t  ~eat, tends to r o l l  the a i r c r a f t  more to the side of greatest v i s i -  
b i l i t y  ( r i gh t  side) during the day and to the least v i s ib le  side ( l e f t )  
during the night and when using NVG's. However, subjects'  comments about 
the NOE f l i g h t s  indicate that they f lew closer to the r i gh t  side of the 
r i ver  course during the night and NVG's f l i g h t s  to obtain better clearance 
and obstacle d e f i n i t i o n ,  thus l im i t i ng  r igh t  r o l l .  

P i l u t  Control Variables. The most discr! i , l lnat ing variables wi th in  the 
ser~ of NOE p i l o t  control measures are presented in Table 5B. Perfect 
c l a s s i f i c a t i o n  of visual groups was accomplished using these var iables. The 
re la t i ve  cor; t r ibut ion Jf these variables to group d iscr iminat ion is ind i -  
cated ~n fable 6B. TI:e increased magnitude of the adjusted discr iminant  
weights demonstrate r, an increased cont r ibut ion by spec i f ic  var iables. 
That is: pa~*ticular v~Yiables have increased importance in describing 
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visual group discrimination. The three variables that contributed most 
to group discrimination were collective control position mean, cyclic 
l e f t / r i gh t  average absolute control movement rate, and mean positive 
control movement magnitude for the pedals. I t  is believed that the 
measure of mean collective control position does not actually provide a 
practical discrimination of visual conditions as much as i t  represents a 
lack of success in completely counterbalancing the fuel loads carried 
during the different profiles. However, the other variables that showed 
substantial discrimination; average absolute control movement rate for 
the cyclic le f t / r igh t  control, and average absolute and average positive 
control movement magnitudes for the pedal control; do provide a valuable 
insight into performance during the different visual conditions. The 
group means (Table 6) demonstrate that aviators during the unaided eye 
night f l ights,  produced more frequent cyclic le f t / r i gh t  movements and a 
greater magnitude of pedal control inputs. These results can be inter- 
preted as representing a condition wherein the p i lo t ,  making an unaided 
eye night f l i gh t ,  introduces a degree of overcontrol to accommodate for 
the lack of visual cues. I t  can be seen in Figure 7 that this set of 
~ i l o t  control variables produces a better separation of visual conditions 
han does either the total set of NOE in - f l igh t  variables or the set of 

aircraft  status variables. 

Aircraft Status Variables. The five most discriminating ai rcraf t  
status variables are found in Table 5C. Results presented in Table 6C 
demonstrate the relative contribution of these variables to overall 
discrimination of the NOE visual conditions. Perfect classif ication of 
f l igh t  segments into the appropriate visual condition group was accomplished 
using these variables. The specific variables and their relative contri- 
bution to discrimination are identical with respect to the total NOE 
variable set. Examination of Figure 7 i l lustrates that separation of 
the groups was s l ight ly  poorer when using only aircraft  status values as 
opposed to the total NOE in - f l igh t  variable set. 

CONCLUSIONS 

The substantial differences between straight and level f l igh t  and 
terrain f l igh t  have been acknowledged by many Army aviators. Although 
the tactical importance of terrain f l i gh t ,  part icularly with night 
vision devices, is sol idly recognized; only limited knowledge is avail- 
able regarding the impact of terrain f l igh t  upon man-helicopter system 
performance. Previous studies have emphasized the increased sensory 
demands associated with terrain f l igh t .  I t  has also been demonstrated 
that the man-helicopter system performance is affected by the increased 
sensory restrictions inherent in night f l igh t .  The current investigation 
was conducted to further examine changes during in - f l i gh t  performance 
associated with unaided eye f l igh t  during the day and night and f l igh t  
with the night vision goggles. 
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i~;~ ~nvestigation demonstrates that for LL f l i g h t s ,  the major factors 
rhdt , l iscr iminated day f l i g h t s  from e i ther  night f l i g h t s  or NVG's f l i g h t s  
,,~ere airspeed related variables and the frequency of small correct ive 
co~;t~,~! ~,[)uts. The highest airspeeds and the largest  number of small 
correct ive control inputs were observed during the unaided eye day 
I l i g L t ~ .  £omparison of the centroids for  the three LL f l i g h t  condit ions 
de~,~on:~r-'tes that unaided eye night f l i g h t s  and f l i g h t s  with the NVG's 
we'e r.;-imilar and d i s t i n c t  from unaided eye day f l i g h t .  However, i t  is 
r,otev~)~th~ that NVG's f l i g h t s  more resembled day f l i g h t  than did the 
unaided ~}.~, n~ght f l i g h t s .  This re la t i ve  ranking of the performance 
measures corresponds d i r e c t l y  to the resolut ion capab i l i t y  of the visual 
syst~:r~ ~ a;d suggests that the use of NVG's permitted the aviator  to more 
e f ~ c ' ~ v ~ l /  .nonitor and respond to minor out -of - to lerance condit ions 
t har~ did t~e unaided eye at night.  

The a~.~Ivses of the NOE f l i g h t s  demonstrated that two broad factors:  
( I !  s~ve~ity of r o l l  through the NOE course, and (2) the frequency and 
ma(initJde of control inputs; exemplif ied the primary di f ferences in 
performance across the three visual condi t ions. During the day f l i g h t s ,  
pi~ots ~t i  ized the most severe ro l l  angles and tended to r o l l  more to 
the r i gh t .  At night with the unaided eye and NVG's, the sever i ty  of r o l l  
Je,;reased ~Ind p i l o t s  tended to avoid excessive r i gh t  r o l l .  This d i f ference 
between ~he day and night NOE f l i g h t s  is a c]ear demonstration of control 
compensation for  r e s t r i c t i v e  visual condit ions. At night the p i l o t s  
f lew closer to the r i gh t  side of the r i ver  course to obtain better  
obsta_le d e f i n i t i o n ,  thus l i m i t i n g  the amount of r i gh t  ro11. The unaided 
eye f l i q h t s  at night demonstrated the largest rate of cyc l ic  l e f t / r i g h t  
control rgvements and the largest magnitude of pedal control inputs. 
This -n:li~ates a degree of over-contro l ,  resu l t ing from the decreased 
resolut ion of the visual system and the impact upon the av ia tor 's  a b i l i t y  
to i den t i f y  out -o f - to lerance condit ions. 
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