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SUMMARY 

The r o l e t h a t a helmet mounted s i g h t plays i n modern 
f i g h t e r a i r c r a f t i s described. I t s c a p a b i l i t y i n some 
s i t u a t i o n s has advantages over head up di s p l a y s and these 
are described i n some d e t a i l . The implementation - of the 
systems using exposure c o n t r o l , analogue storage and s i g n a l 
d e t e c t i o n are explained and how these f u n c t i o n s are achieved 
using CCD technology t o o b t a i n a s m a l l , compact device f o r 
a v i o n i c use. Much of the l a t e s t work has been c a r r i e d out 
using CCD devices manufactured a t GEC H i r s t Research Centre. 

INTRODUCTION 

C u r r e n t l y , p i l o t s use a Head Up Display t o acc u r a t e l y 
d e l i v e r weapons and stores t o a des i r e d t a r g e t . The HUD 
consists of a s e m i - r e f l e c t i v e surface which combines a care­
f u l l y arranged CRT image w i t h the o u t s i d e world. This image 
i s c o l l i m a t e d a t i n f i n i t y so t h a t when the p i l o t looks through 
the combiner glass he sees an image of the CRT symbology 
o v e r l a i d on the outside world. 

The Head Up Display provides n a v i g a t i o n a l and weapon 
i n f o r m a t i o n . For f l y i n g , he has the horizon bar and a l t i t u d e 
scales e t c . and f o r weapon d e l i v e r y t h i s can be combined w i t h 
weapon t r a j e c t o r y vectors t o achieve accurate weapon d e l i v e r y . 
The Head Up Display (IIUD) has e x c e l l e n t accuracy (of the order 
of lmRad), but has the disadvantage t h a t ( i ) when the p i l o t 
moves h i s head away from the HUD he loses v i t a l i n f o r m a t i o n 
and ( i i ) to d e l i v e r a weapon he must h o l d the t a r g e t w i t h i n 
the f i e l d of view of h i s HUD ( g e n e r a l l y about 12°). 

A new approach i s t o use a HUD which i s mounted on the 
p i l o t 1 s helmet, where the image i s p r o j e c t e d onto the v i s o r . 
Using t h i s method a p i l o t sees an image p r o j e c t e d a t i n f i n i t y 
wherever he moves h i s head. (See Fig. 1.1). However, t o be 
of any use i n such r o l e s as weapon d e l i v e r y , the p i l o t ' s 
head p o s i t i o n w i t h respect t o the a i r f r a m e must be known. 
This has lead t o the development of the Helmet P o s i t i o n 
Sensor. Marconi Avionics examined various technologies and 
decided f o r a m u l t i p l i c i t y of reasons, t o choose an o p t i c a l 
s o l u t i o n v/hich led t o the development of the Helmet O p t i c a l 
P o s i t i o n Sensor (HOPS). 
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The helmet mounted d i s p l a y c o n s i s t s of a m a t r i x address­
able d i s p l a y of l i g h t e m i t t i n g diodes (32 x 32). These are 
pr o j e c t e d v i a a prism system onto a combiner glass i n the 
p i l o t ' s v i s o r . Here the image i s combined w i t h the outside 
world. The LED image i s e f f e c t i v e l y focussed a t i n f i n i t y so 
t h a t the symbology appears overlayed on the outside w o r l d 
{See Fig. 1.2). I n modern designs the v i s o r i s shaped so 
t h a t any p a r t of the area t h a t can pass i n f r o n t of the p i l o t s 
eye forms a combiner area. 

The LED array i s manufactured by a s p e c i a l process devel­
oped at GEC H i r s t Research L a b o r a t o r i e s . The e m i t t i n g 
diodes are made w i t h a brightness o f 5000ft/Lamberts. The 
array i s d r i v e n by h y b r i d c i r c u i t s mounted on the helmet so 
t h a t a minimum of wires are needed t o supply the video data 
to the helmet. 

The helmet mounted d i s p l a y i s used t o provide e s s e n t i a l 
f l i g h t and weapon i n f o r m a t i o n t o the p i l o t . I t can al s o be 
used f o r weapon aiming or ground t a r g e t d e s i g n a t i o n and a 
r e t i c l e i s provided f o r t h i s purpose. 

THE HELMET OPTICAL POSITION SENSORS 

The purpose of the Helmet P o s i t i o n Sensor i s to determine 
the d i r e c t i o n of view of the helmet. The choice o f the 
o p t i c a l s o l u t i o n was decided by the then newly invented, Charge 
Coupled Device which, being s o l i d s t a t e , o f f e r e d a small s i z e 
and o p t i c a l accuracy s u i t a b l e f o r c o c k p i t mounting. The 
c o n f i g u r a t i o n chosen t o implement t h i s system (as shown i n 
Fig. 2.1) co n s i s t s of two iso s c e l e s t r i a n g l e s of high power 
i n f r a - r e d LEDs (the LEDs are at the corners of the t r i a n g l e s ) 

on each side of the helmet, viewed by two co c k p i t mounted 'V' 
s l i t cameras. 

There are fou r p o s s i b l e combinations of LED t r i a n g l e and 
camera, which enable accurate d e t e r m i n a t i o n o f r o l l , p i t c h and 
yaw, which f u l l y s p e c i f y helmet o r i e n t a t i o n over a l a r g e range 
of helmet p o s i t i o n s and o r i e n t a t i o n s . The LEDs i n the t r i a n g l e 
can be o f any s i z e , but the g r e a t e r the LED spacing, the 
higher the accuracy of the system. The LED t r i a n g l e s can be 
of any s i z e , but the greater the LED spacing, the higher the 
accuracy of the system. 

The f o c a l l e n g t h i s governed by the distance between the 
'V' s l i t and the CCD. The images on the CCD are t h e r e f o r e a 
f u n c t i o n of b i t spacing of the CCD (which i s defined extremely 
a c c u r a t e l y ) and the f o c a l l e n g t h , which can be set t o anything 
desired. I n p r a c t i c e , the acceptance angle of the camera i s 
between 40 and 60 . This r e s u l t s i n the p o s i t i o n of the LEDs 
being measured a c c u r a t e l y w i t h respect t o the camera axis i n 
both X and Y d i r e c t i o n s . 



The r e s u l t a n t image i s g a u s s i a n s h a p e d, t h i s b e i n g s e t 
by a c o m b i n a t i o n o f t h e 'V' s l i t image shape and c h a r g e 
s m e a r i n g i n t h e CCD B u l k . However, t h e image i s a l w a y s 
w e l l d e f i n e d and does n o t change shape f o r even l a r g e dev­
i a t i o n s from t h e prime a x i s o f t h e camera. 

THE CAMERA 

The camera u s e s a 1728 b i t CCD as t h e h e a r t of a l l t h e 
s y s t e m o p e r a t i o n s . T h i s d e v i c e was c h o s e n as i t was t h e 
l o n g e s t a v a i l a b l e d e v i c e w i t h a s u i t a b l e a r c h i t e c t u r e . A 
s i n g l e d e v i c e i s u s e d t o d e t e c t movement i n both x and y 
d i r e c t i o n s . To a c h i e v e t h i s , an o p t i c a l 'V' s l i t i s u s e d . 
The o p e r a t i o n i s shown i n F i g . 2.2» 

The 'V' s l i t p r o j e c t s two f a n beams o f l i g h t a c r o s s t h e 
CCD. When the l i g h t s o u r c e moves up and down th e images move 
a p a r t o r t o g e t h e r g i v i n g t h e 'y' d i r e c t i o n movement. When 
the l i g h t s o u r c e moves t o t h e l e f t o r r i g h t , the two images 
move t o t h e r i g h t o r l e f t b u t t h e s p a c i n g betv/een t h e images 
remains t h e same. (• 

EXPOSURE CONTROL 

The cameras a r e g e n e r a l l y f i t t e d lov/ i n t h e c o c k p i t s o 
t h a t t h e p i l o t ' s v i e w i s n o t r e s t r i c t e d . A t h i g h a l t i t u d e 
and i n v a r i o u s p a r t s o f t h e g l o b e , t h e sun i n t e n s i t y r e a c h e s 
a h i g h l e v e l . T h i s , combined w i t h t h e p o s i t i o n o f t h e camera 
means t h a t t h e CCD i n e v i t a b l y h a s t o cope w i t h f u l l t r o p i c a l 
s u n. T h i s r e q u i r e m e n t l e d t o t h e i n v e s t i g a t i o n o f an e x p o s ­
u r e c o n t r o l mechanism u s i n g s t a n d a r d CCDs. I t I s p o s s i b l e 
t o use a n e u t r a l d e n s i t y f i l t e r i n f r o n t o f t h e CCD to r e d u c e 
s u n l i g h t b u t t h i s would a l s o r e d u c e t h e l e v e l b e i n g c o l l e c t e d 
from t h e LED. A s m a l l amount of LED power i s a l r e a d y b e i n g 
l o s t by a narrow band f i l t e r c e n t r e d on t h e LED w a v e l e n g t h 
and any f u r t h e r r e d u c t i o n i s n o t d e s i r a b l e . 

The e x p o s u r e c o n t r o l i s u s e d t o i n c r e a s e t h e LED t o Sun 
r a t i o . The LEDs u s e d , can be d r i v e n a t up t o t e n t i m e s t h e i r 
DC r a t i n g f o r s h o r t p e r i o d s , w i t h f a i r l y lov/ m a rk/space 
r a t i o s . I n t h i s way, t h e camera can be e xposed t o a q u i t e 
h i g h LED i l l u m i n a t i o n d u r i n g a s h o r t e x p o s u r e p e r i o d , t h u s 
i n c r e a s i n g t h e r a t i o o f LED power r e c e i v e d to s u n l i g h t power 
r e c e i v e d . T h i s i m p r o v e s t h e LED d e t e c t a b i l i t y and t h e r e f o r e 
o p t i m i s e s t h e r a n g e . 

A l s o , t h e e x p o s u r e c o n t r o l i s u s e d t o e n s u r e t h a t t h e 
camera o u t p u t i s n e v e r s a t u r a t e d by t h e i n c i d e n t l i g h t , 
s o t h a t no i n f o r m a t i o n i s l o s t , and c l u t t e r s u b t r a c t i o n c a n 
be c a r r i e d o u t t o d e t e c t t h e LED images i n any p o s i t i o n . 

The s c a l e o f t h e problem c a n be s e e n from t h e f o l l o w i n g 
f i g u r e s . The i n t e n s i t y o f s o l a r r a d i a t i o n i n f r e e s p a c e a t 
t h e w a v e l e n g t h o f i n t e r e s t ( t h e p a s s band o f t h e f i l t e r ) i s 
about 0.8mW cm-2 p e r 100A. A more d e t a i l e d c a l c u l a t i o n (by 
m u l t i p l y i n g t h e s o l a r s p e c t r u m by t h e f i l t e r t r a n s m i s s i o n 
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spectrum) g i v e s a t o t a l of 5.667 mW cm reaching the CCD. 
A f t e r c o r r e c t i n g for the CCD r e s p o n s i v i t y spectrum, t h i s g i v e s 
an e f f e c t i v e l e v e l of 3.69 mW cm-2. T e s t s completed both i n 
the laboratory and i n f l i g h t t r i a l s a t high a l t i t u d e , i n d i c a t e 
a s a t u r a t i o n exposure of 0.3 ^uJ cm -2. To avoid s a t u r a t i o n , 
i t can be seen t h a t an exposure time of QlpS or l e s s i s 
requ i r e d . 

Exposure c o n t r o l i s achieved by s a c r i f i c i n g h a l f of 
the output information. Normally, a l l odd ph o t o s i t e s are read 
out v i a one CCD r e g i s t e r , and the even p h o t o s i t e s are read 
out v i a the other s h i f t r e g i s t e r . (See F i g . 2.4). I n 
exposure c o n t r o l , one of the r e g i s t e r s i s used as a charge 
dump, or exposure d r a i n , meaning t h a t only h a l f of the 
ph o t o s i t e s can be output. 

T h i s i s achieved by holding the exposure d r a i n gate ( 0 x B ) 
high (open) at a l l times other than the exposure period. 
This means t h a t a l l unwanted charge formed i n the p h o t o s i t e s 
i s immediately drained away. When the exposure d r a i n gate 
i s c l o s e d , s i g n a l can then accumulate i n the normal way, 
u n t i l i t i s t r a n s f e r r e d to the A r e g i s t e r , a f t e r which 0 x B 

i s r a i s e d again, see F i g . 2.5. 

As can be seen from F i g . 2.4 the two r e g i s t e r s feed i n t o 
a common output a m p l i f i e r . I t i s ne c e s s a r y to clock the 
exposure d r a i n r e g i s t e r on a two phase s t r u c t u r e such as the 
CCD 121H, otherwise the h a r r i e r s i n the r e g i s t e r stop charge 
reaching the output gate. See F i g . 2.6. I t i s a l s o r e q u i r e d 
that the charge from the two r e g i s t e r s does not mix at the 
output. 

The timing and d r i v e of the waveforms can be arranged 
such t h a t these c o n d i t i o n s are s a t i s f i e d and the charge from 
the exposure d r a i n r e g i s t e r i s sunk, v i a the r e s e t t r a n s i s t o r 
to VDD, r a t h e r than being observed a t the output. 

T h i s i s achieved as follows (See F i g . 2.'5). 02B i s hel d 
at c l o c k high p o t e n t i a l a t a l l times, and 01B i s clocked such 
that i t only goes high when 0 ? A i s low, the r i s i n g edge i s 
not before the 0 r i s i n g edge? and the f a l l i n g edge i s before 
the 0 f a l l i n g edge. T h i s i s achieved by r a i s i n g 0, B when 
the even r e s e t 0 R i s normally operated, and extending the 0 R 

period a c r o s s the normal odd output period. T h i s achieves 
the aims of blank i n g out the charge from the B r e g i s t e r , 
and ensuring t h a t i t does not co r r u p t the s i g n a l charge i n 
the A r e g i s t e r . 

I t was found t h a t , v/ith the high i l l u m i n a t i o n l e v e l s 
encountered,draining of the p h o t o s i t e s during operation of 
the exposure c o n t r o l gate (0 _) was incomplete and a l s o 
charge was found to be blooming along the d e v i c e , through the 
B r e g i s t e r . T h i s was r e c t i f i e d by r a i s i n g the B r e g i s t e r 
c lock high v o l t a g e (the voltage used f o r 0, , 0 x B and 0~B) to 
12V, and reducing the photogate voltage to 5V. 'These changes 
provide s u f f i c i e n t p o t e n t i a l g r a d i e n t to ensure e f f i c i e n t 



removal of unwanted charge from the p h o t o s i t e s , and provides 
l a r g e r p o t e n t i a l w e l l s t o accommodate the charge i n the B 
r e g i s t e r . No harm i s done t o the performance of the photo­
s i t e s , although a c e r t a i n amount of mixing of charge occurs 
i n t o the selected b i t s ( u s u a l l y the odd b i t s ) , from each 
immediately preceeding b i t . This produces an enhanced 
s e n s i t i v i t y , and moves the c e n t r o i d of each p h o t o s e n s i t i v e 
area, but does not do s i g n i f i c a n t damage t o the r e s o l u t i o n . 

In other a p p l i c a t i o n s , i f the image does not vary 
s i g n i f i c a n t l y from frame t o frame, the loss of h a l f the b i t s 
need not occur, since any r e g i s t e r can read out e i t h e r the 
odd or even b i t s , and can thus a l t e r n a t e betv/een them, and 
they can then be i n t e r l a c e d o f f chip. However, i n t h i s 
a p p l i c a t i o n , the r e s o l u t i o n i s l i m i t e d by charge c r o s s t a l k 
i n the s i l i c o n , d u e t o the great p e n e t r a t i o n depth o f i n f r a 
red l i g h t , and the s i g n a l can be r e c o n s t i t u t e d t o the o r i g i n a l 
1728 b i t s or more, by i n t e r p o l a t i o n techniques. 

The i n t e g r a t i o n p e r i o d i s betv/een scans, and can t h e r e ­
f o r e be v a r i e d over a very l a r g e range (10ms t o l u s ) . The 
l i m i t a t i o n s a t the long exposure end are due t o dark c u r r e n t 
(an important area i n the m i l i t a r y temperature range) and at 
the short exposure end due t o propogation times along the 
electrodes. A more r e a l i s t i c l i m i t a t i o n t o exposure time i s 
t h a t i f the camera i s exposed t o l i g h t b r i g h t enough t o 
nece s s i t a t e 5us exposure p e r i o d , the exposure d r a i n v / i l l not 
be able t o handle the c u r r e n t coming from the p h o t o s i t e s . 

I n our a p p l i c a t i o n , the exposure p e r i o d i s set at about 
lOO^S, v/hich i s s u f f i c i e n t t o ensure t h a t the s o l a r i l l u m i n ­
a t i o n does not cause s a t u r a t i o n . This d i f f e r s from the 
c a l c u l a t e d 81nS due t o canopy absorption. 

SUNLIGHT SUBTRACTION 

To d i s t i n g u i s h the LED s i g n a l from the s u n l i g h t , one 
must e i t h e r remove the s u n l i g h t , or i d e n t i f y the s i g n a l i n 
some other way. The p i l o t ' s head i s i n constant motion and 
t h e r e f o r e the LED s i g n a l cannot be considered p e r i o d i c . This 
e l i m i n a t e s most of the normal c o r r e l a t i o n techniques and 
leaves us w i t h r a t h e r brute force methods f o r d e t e c t i o n . 

Various methods of s u n l i g h t s u b t r a c t i o n have been inves­
t i g a t e d . They a l l i n v o l v e the f o l l o w i n g method. A scan of 
s u n l i g h t and r e f l e c t i o n i s taken and st o r e d . This i s then 
i n v e r t e d and added t o the next scan v/hich contains s u n l i g h t , 
r e f l e c t i o n s and LEDs. This r e s u l t s i n a combined video scan 
c o n t a i n i n g only the LEDs. 

The f i r s t method o f storage used Bucket Brigade delay 
l i n e s , but u n s a t i s f a c t o r y r e s u l t s were achieved, mainly due 
t o t r a n s f e r i n e f f i c i e n c y . I n the second attempt a f a s t A-D 
converter was used t o d i g i t i s e the CCD s i g n a l and s u b t r a c t i o n 
was then c a r r i e d out using l o g i c . This was both expensive 
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and hardware i n t e n s i v e and r e s u l t e d i n a s y s t e m w h i c h was 
c o m m e r c i a l l y u n s a t i s f a c t o r y . 

T e c h n o l o q y changes t h e n p o i n t e d t o t h e CCD a s t h e s t a t e 
o f t h e a r t a n a l o g u e s h i f t r e g i s t e r and t h e f u n c t i o n r e q u i r e d 
t o c a r r y out s u b t r a c t i o n i s e s s e n t i a l l y t h a t of a s h i f t 
r e g i s t e r . I t was soon r e a l i s e d t h a t v/ith p r o p e r u t i l i s a t i o n 
t h i s c o u l d be a c h i e v e d w i t h t h e s h i f t r e g i s t e r on t h e imaging 
CCD. 

The s h i f t r e g i s t e r s have f u l l y a c c e s s i b l e i n p u t p o r t s , 
i n t o w h i c h t h e s i g n a l from t h e 1 s t (background) s c a n i s f e d , 
a f t e r b e i n g p a s s e d t hrough an a m p l i f i e r w i t h t h e a p p r o p r i a t e 
g a i n f O f f s e t and d e l i n e a r i s a t i o n t o g i v e a t h r o u g h p u t g a i n o f 
-1. I f one e n s u r e s t h a t t h e s h i f t r e g i s t e r d r i v e i s i n c r e ­
mented by t h e c o r r e c t amount ( i . e . i t must not be o v e r c l o c k e d ) 
t h e f e d - b a c k , i n v e r t e d b i t s a r r i v e back v/here t h e y s t a r t e d 
i n t h e s h i f t r e g i s t e r , i n t h e form o f an o f f s e t o f 80-90% o f 
f u l l c h a r g e p l u s t h e s i g n a l c h a r g e ( i n v e r t e d and t h e r e f o r e 
n e g a t i v e g o i n g ) . The r e s u l t a n t c h a r g e i s i n t h e range O -
90% f u l l c h a r g e . T h i s u s e s t h e f o l l o w i n g : -

LED s i g n a l s + o f f s e t - ( o f f s e t - b a c k g r o u n d ) + (LED s i g n a l + 
background) , v/here t h e f i r s t p a r e n t h e s e s c o n t a i n s [the f e d 
back s i g n a l and t h e s e c o n d p a r e n t h e s e s c o n t a i n s t h e second 
s c a n p h o t o s i t e i n f o r m a t i o n . 

When implemented w i t h e x p o s u r e c o n t r o l , o n l y t h e A 
r e g i s t e r i n p u t p o r t i s u t i l i s e d . The i n p u t t e c h n i q u e u s e d 
i s ' F i l l and S p i l l ' , T h i s b e h a v e s as a s a m p l i n g i n p u t , 
removing the need f o r a sample and h o l d a m p l i f i e r i n t h e f e e d 
back. 

S i n c e tho CCD u t i l i s e s b u r i e d c h a n n e l t e c h n o l o g y , t h e 
i n p u t p o r t i s v e r y n o n - l i n e a r . T h i s e x p l a i n s t h e u s e o f a 
d e l i n e a r i s a t i o n s t a g e ( t h e a m p l i f i e r h a s a s q u a r e law term 
i n t h e f e e d b a c k o v e r p a r t o f t h e r a n g e ) . The f e e d b a c k o f f s e t 
i s n e c e s s a r y t o produce t h e c h a r g e o f f s e t i n t h e r e g i s t e r , 
w hich e n a b l e s a d e v i c e c a p a b l e o f c a r r y i n g c h a r g e o f one s i g n 
( n e g a t i v e ) t o s t o r e i n f o r m a t i o n o f t h e o p p o s i t e s i g n , by 
b e i n g s u p e r i m p o s e d on a n e g a t i v e o f f s e t . 

The r e s u l t a n t s i g n a l can be s e p a r a t e d from t h i s o f f s e t 
by t h e u s e of a DC r e s t o r e s y s t e m w h i c h r e f e r s i t t o OV. A 
s c h e m a t i c o f t h e s y s t e m i s shown i n 2.7. The r e s i d u a l s i g n a l 
a f t e r s u n l i g h t s u b t r a c t i o n c a n be s e e n i n F i g . 2.8. 

SIGNAL DETECTION 

V a r i o u s methods o f d e t e c t i o n have been i n v e s t i g a t e d , 
but i t was f i n a l l y r e a l i s e d t h a t i t would he p o s s i b l e t o 
u l t i m a t e l y i n t e g r a t e a CCD t r a n s v e r s a l f i l t e r on to t h e v i d e o 
c h i p i t s e l f . C u r r e n t i n v e s t i g a t i o n s have shov/n t h a t t h e 
G a u s s i a n LED p u l s e shape changes v e r y l i t t l e w i t h i t s p o s i t i o n 
i n f r o n t o f t h e 'V' s l i t . I t i s t h e r e f o r e p o s s i b l e t o d e f i n e 
a t r a n s f e r f u n c t i o n f o r t l i e f i l t e r . T h i s e n a b l e s t h e d e t e c t ­

i o n 



i o n o f s m a l l s i g n a l s v/here t h e LED t o camera d i s t a n c e becomes 
l a r g e . P r e s e n t i n v e s t i g a t i o n s u s e a d i s c r e t e CCD t r a n s v e r s a l 
f i l t e r i n t h e camera head. Work i s s t i l l p r o g r e s s i n g a l o n g 
t h e s e l i n e s t o improve i n t e r p o l a t i o n . 

i 

PROCESSING 

The o u t p u t o f t h e camera i s f i r s t a n a l y s e d t o d e t e r m i n e 
t h e peaks of t h e two g a u s s i a n images o f each LED. From t h e 
mean p o s i t i o n and s e p a r a t i o n of t h e images, t h e d i r e c t i o n of 
e a c h LED, w i t h r e s p e c t t o t h e camera, i s c a l c u l a t e d . From 
t h e s e , t h e c o s i n e s o f t h e a n g l e s betv/een e a c h p a i r o f LEDs 
i s d e t e r m i n e d . T h e s e a r e t h e n used i n t h e f o l l o w i n g s e t o f 
q u a d r a t i c e q u a t i o n s : -

x 2 + Y 2 - 2c xy - 1 = 0 

x 2 
-I- z 2 - 2a yz - 1 = 0 

z 2 + x 2 - 2b zx - 1 = 0 

Where a, b and c a r e t h e c o s i n e s d e s c r i b e d above and x, 
y and z a r e t h e s c a l e d d i s t a n c e s , a s suming t h e s i d e s o f t h e 
LED t r i a n g l e a r e u n i t y , t o each LED from t h e camera . t h e 
e q u a t i o n s a r e t h e n s o l v e d i t e r a t i v e l y , u s i n q a Newtons 
a p p r o x i m a t i o n method. T h e r e a r e f o u r s o l u t i o n s , but u s u a l l y 
o n l y tv/o u n i q u e s o l u t i o n s . The s o f t w a r e t h e n has t o d e c i d e 
from t h e p o s i t i o n a l h i s t o r y , w h i c h s o l u t i o n i s t h e c o r r e c t 
one. The number of i t e r a t i o n s t o a c h i e v e a ' f i t ' i s u s u a l l y 
l e s s t h a n 3 u n l e s s t h e t r i a n g l e i s l o s t from t h e s i g h t o f 
t h e p a r t i c u l a r camera i n u s e . The computer programme t h e n 
r e v e r t s to an 'out o f l u c k ' r o u t i n e w h i c h r a p i d l y r e - a q u i r e s 
t h e t r i a n g u l a r f i t . 

RESULTS AND CONCLUSIONS 

The f u n c t i o n s i n t h e h e l m e t p o s i t i o n s e n s o r r e s u l t i n a 
s m a l l e f f i c i e n t s y s t e m w h i c h u t i l i s e s t h e CCD t o i t s f u l l , 
t o g i v e numbers r e l a t e d t o camera a n g l e s . T h e s e numbers a r e 
f e d t o a 1 6 - b i t m i c r o p r o c e s s o r t o g i v e r o l l , p i t c h and yaw 
a n g l e s a t about 20 - 50 i t e r a t i o n s / s e c . 

The computer s e l e c t s t h e LED t r i a n g l e and camera s e t 
c o m b i n a t i o n s . When one LED s e t i s l o s t from t h e v i e w of a 
p a r t i c u l a r camera, a new s e l e c t i o n i s made, b a s e d on t h e p r e v ­
i o u s r e s u l t b e f o r e t h e l o s s o f i n f o r m a t i o n o c c u r r e d . T h i s 
e n a b l e s 360 yaw c o v e r a g e and a v/ide r a n g e o f r o l l and p i t c h 
a n g l e s . 

The r e s u l t s o b t a i n e d produce a c c u r a c i e s of b e t t e r t h a n 
0.5° RMS o v e r an e x t r e m e l y v/ide range o f a n g l e s . T h i s i s w e l l 
beyond t h e a i m i n g a c c u r a c y o f t h e p i l o t h i m s e l f . O t h e r 
i n a c c u r a c i e s a r e i n t r o d u c e d by t h e canopy and t h e v e r y bumpy 
r i d e he g e t s a t 2 5 0 f t a l t i t u d e and Mach 0.8, when i n f a c t 
h i s neck m u s c l e s r e s p o n s e l i m i t s t r a c k i n g a c c u r a c y i n s e v e r e 
t u r b u l e n c e . Some e a r l y r e s u l t s a r e shov/n i n F i g . 2.9. 
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S u c c e s s f u l o p e r a t i o n h a s been a c h i e v e d v/ith t h e h e l m e t 
mounted s i g h t under r e a l i s t i c f l i g h t t e s t i n g . I m p l e m e n t a t i o n 
o f t h e s i g h t and n o s i t i o n s e n s o r on t o t h e h e l m e t a r e s t i l l 
a s u b j e c t f o r d i s c u s s i o n a s t h e a d d i t i o n o f any w e i g h t , 
however s m a l l , i s c o n s i d e r e d t o be u n d e s i r a b l e . T h i s i s 
e m p h a s i s e d by t h e f a c t t h a t modern p i l o t ' s e x p e r i e n c e 9g i n 
t i g h t 'turns and lOz c a n q u i c k l y t r a n s l a t e t o 1\ l b s . 

The h e l m e t s i g h t s y s t e m e n a b l e s t h e p i l o t t o , r a p i d l y 
a c q u i r e and d e s i g n a t e a t a r g e t and d e l i v e r weapons on a f i r s t 
p a s s a t t a c k w e l l o u t s i d e t h e range o f t h e Head Up D i s p l a y . 
T h i s r e q u i r e m e n t i s e s s e n t i a l i n modern w a r f a r e i f he i s to 
a c h i e v e s u c c e s s i n h i s m i s s i o n s . 

F i q . 1.1 S c h e m a t i c L a y o u t of P r o t o t y p e HMD 

10 S. 



F i g , 1.2. View Through Helmet S i g h t 

Helmet Optical Position Sensor System (HOPS) 

Fig. 2.1. Helmet Optical Position Sensor System (HOPS) 



F i q . 2.2 V - S l i t Camera 
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F i q u r e 2.A. CCD A r c h i t e c t u r e 



r OUTPUT 

background 

T e = exposure period 
T t - t rans fe r period 
T s = shift period 
If! = LED flash 

F i g . 2.5. CCD D r i v e Waveforms ' 
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NONLINEAR FEEDBACK AMPLIFIER 

DRIVE 

WAVEFORMS 

Fig. 2.7. Schematic of Subtraction Feedback 



FIG. 2.8. Sunlight subtraction results 

background and LED scans 
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F i g . 2.9. KOPS Accuracv 




