
Euratom "Hot Laboratories  and Remote Handling" Group 

Pet ten  8 - 10 June 1983 

P r a c t i c a l  Remote Viewing Systems 

for the Nuclear Indust ry  

K J H i l l  and J G Harrison 

UKAEA, Karwell, UK 



For conventional  opera t ions  i n  r a d i a t i o n  a r e a s  viewing has been through 
windows 1.5 metres  t h i c k  i n s t a l l e d  i n  t h e  sh ie ld ing  wal l s .  This  method 
of viewing i s  not  always s a t i s f a c t o r y  and CCTV viewing has  been 
employed. 

P r a c t i c a l  designs of a number of TV viewing systems f o r  a range of 
nuc lea r  a p p l i c a t i o n s  a r e  described toge the r  wi th  up-to-date 
developments on s t e r e o  TV systems. A s h o r t  s e c t i o n  o u t l i n e s  cu r ren t  
s t u d i e s ,  being c a r r i e d  o u t  a t  Harwell, on Visua l  Percept ion  Fac to r s  
r e l a t e d  t o  t h e  h e a l t h ,  well-being and e f f i c i e n c y  of ope ra to r s  who use  
i n d u s t r i a l  CCTV. 



In t roduc t ion  

Conventional viewing of h ighly  a c t i v e  c e l l s  i s  through windows about 1.5m 
t h i c k  which have t h e  same s h i e l d i n g  p r o p e r t i e s  as t h e  conc re t e  wal l s .  
This system has  i t s  disadvantages a s  t h e  opera tor  i s  forced  t o  work a t  t h e  
window f a c e  and h i s  a r e a  of v i s i o n  i s  l imi t ed .  

I n  o rde r  t o  assist t h e  opera tor  i n  h i s  v i s i o n  and, a t  t h e  same t ime,  l i m i t  
h i s  cumulative r a d i a t i o n  dose advantages are t o  be gained i n  t h e  use of 
Closed C i r c u i t  TV systems u t i l i s i n g  such techniques a s  s p e c i a l  o p t i c s ,  
t h r e e  dimensional viewing and computer a ids .  Considerat ion i s  a l s o  being 
given t o  t h e  ergonomics of the  c o n t r o l  with s p e c i a l  r e fe rence  t o  t h e  man 
machine i n t e r f a c e  problems and t h e  a n a l y s i s  of Visual  Percept ion  Fac to r s ,  

Developments a r e  cont inuing  t o  assist t h e  operarors  with t h e i r  present  day 
/ problems and then  t o  a n t i c i p a t e  t h e  viewing requirements which w i l l  be 

necessary t o  c a r r y  out  some of t h e  f u t u r e  work i n  the  nuclear  i ndus t ry .  

It i s  considered t h a t  f o r  f u t u r e  i n s t a l l a t i o n s  t h e  des ign  and development 
of remote viewing systems should have t h e  same p r i o r i t y  a s  t h e  design and 
development of t h e  bui ld ing  and i t s  p l a n t .  I n  o t h e r  words t h e r e  should be 
a systems approach with t h e  viewing equipment playing an important  r o l e .  



1 Recent P r a c t i c a l  Appl ica t ions  

1.1 CCTV Inspec t ion  System 

A CCTV system has been developed a t  Harwell a s  a maintenance and 
i n s p e c t i o n  t o o l  f o r  use  i n  s i t u a t i o n s  where a d i r e c t  view through a 
window i s  inadequate and where r a d i a t i o n  l e v e l s  a r e  t o o  h igh  t o  
permit e n t r y  of a TV camera i n t o  t h e  a c t i v e  a rea .  The camera u n i t  
has been designed f o r  wall-entry through a 300 mm diameter  hole.  
The reason f o r  t h i s  i s  t h a t  c e l l  access  is l i m i t e d  by t h e  a v a i l a b l e  
pene t r a t ions  through t h e  sh ie ld ing  wa l l ,  o f t e n  t h e  only  holes  
a v a i l a b l e  a r e  those  vacated by t h e  master s l a v e  manipulators .  
These a r e  about 300 mm i n  diameter  and 1.65 metres long and a r e  
normally pos i t ioned  5 metres above f l o o r  l e v e l .  

A diagrammatic view of t h e  TV camera u n i t  i s  shown i n  F i g  1. The 
f r o n t  s e c t i o n  houses a conventional  TV camera, remotely operated 
zoom l e n s ,  and scanning o p t i c s .  The r e a r  s e c t i o n  con ta ins  a lead  
b i o l o g i c a l  s h i e l d  wi th  provis ion  f o r  cable  en t ry .  

Scanning i n  t h e  f o r e  and a f t  d i r e c t i o n  i s  achieved by rocking a 
r e g u l a r  prism , t h e  cen t r e  of which l i e s  on t h e  camera o p t i c a l  
a x i s .  The prism mount and d r i v i n g  mechanisms a r e  a t t ached  t o  the  
window housing, which, by r o t a t i o n  through a remotely operated gear 
system, provides an annular  view. The camera r o t a t e s  wi th in  t h e  
housing t o  g ive  an e r e c t  p i c t u r e  i n  a l l  ang le s  of view. 

I n  t h e  e a r l y  s t ages  of t h i s  development, a Power Manipulator broke 
down i n  an Active C e l l  a t  Harwell. Attempts t o  recover  i t  
mechanically f a i l e d  and i t  was found t h a t  the  t r a v e l  was l i m i t e d  
t o  250 mm. It was thought t h a t  a 10 mm diameter s t e e l  p i n ,  which 
was p a r t  of t h e  c l u t c h ,  might have s l ipped  out  of p o s i t i o n  but  t h e  
a rea  around t h e  c l u t c h  was not  d i r e c t l y  v i s i b l e  from any of t h e  
windows. Man e n t r y  was not  poss ib l e  a s  t h e  gamma r a d i a t i o n  
measured a t  f l o o r  l e v e l  was of t h e  order  of 3000 Rad/hour. 

F ig  2 i s  a photograph of t h e  TV screen  showing t h e  p i n  i n  c l o s e  up 
i n  a spa re  manipulator.  The p in  was 6 metres d i s t a n t  from t h e  
camera and a manipulator was used t o  rep lace  t h e  p in  and c a r r y  out  
a success fu l  r e p a i r .  

F ig  3 shows a photographic enlargement and i t  can be noted t h a t  t h e  
diameter of t h e  p in  was  equiva lent  t o  j u s t  9 l i n e s  on t h e  TV 
screen.  This i n d i c a t e s  t h e  need f o r  a camera and l e n s  system wi th  
h igh  r e s o l u t i o n .  

2 TV Camera Assemblies f o r  U s e  i n  E g h  Radia t ion  C e l l s  

2.1 Wall Entry Unit 

I n  t h e  Magnox f u e l  reprocess ing  p l a n t  which i s  now under 
cons t ruc t ion  a t  Windscale i t  i s  planned t o  i n s t a l  about 100 TV 
viewing s t a t i o n s .  Most of t hese  w i l l  monitor product ion type 
opera t ions  and w i l l  be continuously i n  pos i t i on .  



For t h i s  type of ope ra t ion ,  a s  opposed t o  t h e  i n t e r m i t t e n t  
i n s p e c t i o n ,  t h e  previous concept has been extended. 

F i g  4 shows a wall-entry u n i t  where t h e  camera and l e n s  a r e  
sh ie lded  from d i r e c t  gamma r a d i a t i o n  by a lead  block. A hole  i n  
t h e  l ead  block, o f f s e t  from t h e  a x i s  of t h e  camera, houses a l e n s  
system which combines wi th  a n  o f f - s e t t i n g  periscope t o  provide a n  
o p t i c a l  pa th  t o  t h e  camera. A conventional  type  of pr ism c l o s e  t o  
t h e  window i s  angled remotely i n  order  t o  ob ta in  a scan of t h e  
a r e a  wi th in  t h e  c e l l .  

I n  p r a c t i c e  t h e  outer  tube,  w i th  i t s  sea l ed  window, remains i n  
p o s i t i o n  during maintenance. The inne r  tube housing t h e  complete 
t e l e v i s i o n  and o p t i c a l  assembly wi th  s h i e l d i n g  3s withdrawn a s  a 
u n i t .  With a n  a n t i c i p a t e d  dose r a t e  of 5 X 10 Rad/hour a t  t h e  
i n s i d e  f a c e  t h e  camera and l e n s  have a l i f e  expectancy of 5 years .  

I n  a c u r r e n t  ve r s ion  of t h i s  development t h e  end window i s  being 
replaced  by a hemispherical  g l a s s  dome t o  permit a g r e a t e r  f i e l d  
of view. 

Roof Mounted Unit 

The r a d i a t i o n  l e v e l s  a t  t h e  roof a r e  usua l ly  lower than  those  a t  
t h e  wa l l s  s o  a s impl i f i ed  des ign  of viewing system i s  poss ib l e .  

Fig 5 shows t h e  roof module i n  which l ead  g l a s s  blocks are used t o  
p r o t e c t  t h e  camera and l e n s  assembly. I n  order  t o  o b t a i n  a 
scanning system from t h e  f ixed  camera a system us ing  two r o t a t i n g  
prisms has  been devised. The p r i n c i p l e  i s  shown diagrammatically 
i n  F i g  6 .  By t h e  co r rec t  r o t a t i o n  o r  cont ra- ro ta t ion  of t h e  two 
prisms i t  i s  poss ib l e  t o  scan a cone of v i s i o n  i n  s t r a i g h t  l i n e s ,  
t h e  t o t a l  angle  of view being determined by t h e  combined angle of 
t h e  two prisms. Fig 7 shows a cu t  away s e c t i o n  of a manufactured 
assembly. 

3 Radia t ion  Tolerant  Camera 

There a r e  occasions when i t  i s  necessary t o  in t roduce  t h e  camera i n t o  
t h e  r a d i a t i o n  environment. This may be so when no access  i s  a v a i l a b l e  
through the  wa l l s  o r  roof of a cave o r  when c lose  i n s p e c t i o n  i s  
requi red .  The camera may be deployed by a manipulator o r  mounted on a 
movable s t r u c t u r e  such a s  t h e  gant ry  of a power manipulator.  

A s p l i t  head, r a d i a t i o n  t o l e r a n t  system coomprising a monitor,  
c o n t r o l l e r ,  camera head, l e n s  and connecting cables  i s  a s  shown i n  F ig  8. 

,, 
The spl i t -head camera has been achieved by simply dismantl ing a low 

c o s t  CCTV camera wi th  a 17 mm v id icon  and removing t h e  tube and c o i l  
assembly. The head end c o n s i s t s  of t hese  two components, a long with a 
r a d i a t i o n  t o l e r a n t  video head a m p l i f i e r  and high vol tage  board i n  a 
sma l l ,  s e a l e d ,  l igh tweight  metal tube. The head end of t h e  gystem w i l l  
be t o l e r a n t  t o  a l i f e t i m e  exposure of g r e a t e r  than 2 X 10 Roentgens 
of gamma r a d i a t i o n .  



The con t ro l  u n i t  conta ins  t h e  r e s t  of t h e  camera, p lus  any motorised 
p a n / t i l t  o r  zoom l e n s  func t ion  requi red .  This u n i t ,  t oge the r  with t h e  
t e l e v i s i o n  monitor w i l l  be e x t e r n a l  t o  t h e  cave. 

The camera head and l e n s  w i l l  be s u i t e d  t o  e i t h e r  motorised o r  MSM 
handling i n  confined spaces. The only limit on handling being s e t  by 
t h e  s t i f f n e s s  of t h e  mul t icore  connecting cab le ,  which w i l l  have a  
diameter of about 10 mm and a bending r ad ius  down t o  80 mm. 

P i c tu re  r e s o l u t i o n  w i l l  be about 550 l i n e s  a t  the  cen t r e  from a f u l l y  
i n t e r l a c e d  625 l i n e  s i g n a l .  

4 Switched Viewing 

One problem experienced wi th  a  narrow angle o r  t e l e s c o p i c  l e n s  i s  t h a t  
while  a  d e t a i l e d  view of t h e  o b j e c t  under observa t ion  i s  p o s s i b l e  i t  i s  
d i f f i c u l t  t o  maintain o r i e n t a t i o n  of t h e  o b j e c t ,  expec ia l ly  i f  i t  i s  
one of a  number of i d e n t i c a l  objects.The system shown i n  F ig  9 has  been 
designed t o  overcome t h i s  problem. Ro ta t ion  through 90' of t h e  
moving mir ror  on t h e  camera ax i s  permits  a  change of v i e w  from t h e  
narrow angle t o  t h e  wide angle o r  v i c e  versa .  The system has  an 
advantage over us ing  a  zoom l e n s  i n  t h a t  t h e  p i c t u r e  on t h e  screen  
gradual ly  changes from one view t o  t h e  o the r  by a  sideways movement as  
opposed CO t h a t  of a  tunnel  view opening o r  c l o s i n g  which can a f f e c t  
t h e  bra in .  The t r a n s f e r  from one l e n s  t o  t h e  o the r  may be switched 
q u i t e  r a p i d l y  t o  prevent l o s s  of o r i e n t a t i o n .  

5  . Stereo Televis ion  

Over t h e  p a s t  few years  t h e r e  has been a  growing r ecogn i t ion  of t h e  
need t o  employ c losed  c i r c u i t  t e l e v i s o n  techniques i n  t h e  Nuclear Power 
Indus t ry  and CCTV systems a r e  being developed e i t h e r  t o  a i d  d i r e c t  
viewing through windows o r  a s  t h e  s o l e  means of viewing i n  a r e a s  which 
a r e  i n a c c e s s i b l e  t o  d i r e c t  view. 

A list of t y p i c a l  CCTV a p p l i c a t i o n s  i s  shown i n  t a b l e  1. 



CCTV Appl ica t ions  i n  t h e  Nuclear Power Indus t ry  

APPLICATION TYPE - 

1 Power manipulator i n spec t ion  Inspec t ion  

2 Unloading of f u e l  elements from sk ips  Operator a i d  

3 Inspec t ion  of i n t e r i o r  of f u s i o n  t o r u s  f o r  
damage Inspec t ion  

4 Supervision of manipulator t a s k s  Operator a i d  

5 Monitoring guidance of a  CAGR p i n  removal 
indexing machine Operator a i d  

6 Tool guidance i n  a  glove-box d ismant l ing  
f a c i l i t y  Operator a i d  

7 Waste d i sposa l  - concrete  f i l l i n g  of drums Operator a i d  

TABLE 1 

A number of t h e s e  app l i ca t ions  r e q u i r e  some measure of depth percept ion ,  
p a r t i c u l a r l y  when guidance and manipulat ion a r e  involved. I n  c e r t a i n  
cases  i t  i s  poss ib l e  t o  o b t a i n  t h i s  percept ion  of depth by mounting two TV 
cameras mutually a t  r i g h t  angles  t o  t h e  t a sk ,  f o r  example one camera i n  
l i n e  with t h e  obse rve r ' s  v i s ion ,  and one camera e i t h e r  viewing from t h e  
s i d e  o r  above. 

ThLs method i s  q u i t e  accura te  i n  pick and p lace  t a s k s ,  but i s  slower i n  
ope ra t ion  than  a  t r u e  3-D system. There a r e  a  number of S tereo  CCTV 
systems which have been developed over t h e  y e a r s ,  eg; 

1 2 cameras, 2 monitors + viewing hood 

2 1 camera + image s p l i t t e r ,  1 monitor + viewing hood 

3 Anaglyph (coloured spec tac l e s )  method 

4 PLZT method 

5 Len t i cu la r  s c reen  d i sp lay  ( v e r t i c a l )  

6 Len t i cu la r  s c reen  d i sp lay  ( r o t a t i n g )  

7 Binocular  t ransformer  method 

8 Po la r i sed  l i g h t  p r o j e c t i o n  TV 

A l l  of t hese  systems produce 3-dimensional images, but  t h e r e  a r e  a  number 
of requirements r e l a t e d  t o  t h e  i n d u s t r i a l  environment which make some of 



them u n s u i t a b l e  f o r  i n d u s t r i a l  use. 

We consider  t h a t  t h e  d e s i r a b l e  f e a t u r e s  of a n  i n d u s t r i a l  s t e r e o  TV system 
a re :  

1 No l o s s  of r e s o l u t i o n .  

2 The viewer must be a b l e  t o  move about w h i l s t  viewing. 

3 More than one person should be ab le  t o  view a t  t h e  same t ime.  

4 The d i sp lay  should not adverse ly  a f f e c t  t h e  well-being o r  h e a l t h  of the  
opera tor .  

5 The d i sp lay  should be s a t i s f a c t o r y  i n  a  c e r t a i n  amount of ambient 
l i g h t .  

Of t h e  s t e r e o  TV systems l i s t e d ,  t h e  one which f u l f i l s  t h e  requirements 
s e t  out  i s  po la r i sed  l i g h t  p r o j e c t i o n  TV. The p r i n c i p l e  i s  i l l u s t r a t e d  i n  
f i g  10. 

A s t e r e o  TV system based on t h i s  p r i n c i p l e  i s  i n  an advanced s t a g e  of 
development a t  Harwell. 

S tudies  i n  Visual  Percept ion  Related t o  I n d u s t r i a l  CCTV 

I n  t h e  nuclear  i ndus t ry ,  t h e  genera l  d i r e c t i o n  of r e sea rch  and development 
i n t o  remote handling of r a d i o a c t i v e  m a t e r i a l s  has  been guided by 
l e g i s l a t i v e  and economic pressures  which r e q u i r e  continuing r educ t ion  i n  
opera tor  dose l e v e l s  and improvements i n  remote handling techniques.  A t  
Harwell, Engineering P r o j e c t s  Divis ion  has been working f o r  a  number of 
yea r s  on a  programme of i n v e s t i g a t i o n  i n t o  remote handling technology, 
based on t h e  concept t h a t  all manipulative t a s k s  which a r e  c a r r i e d  out  i n  
a  r ad ioac t ive  environment w i l l  be remotely c o n t r o l l e d  and supervised  by 
remote viewing techniques.  

In 1980, a  l abora to ry  was s e t  up a t  Harwell t o  s tudy such problems a s  
e y e s t r a i n ,  f a t i g u e  and stress, by means of a  s s e r i e s  of experiments 
designed t o  measure o b j e c t i v e l y ,  t h e  e f f e c t  on t h e  h e a l t h ,  well-being and 
e f f i c i e n c y  of nuclear  p l a n t  opera tors .  (F ig  11). 

The i n v e s t i g a t i o n s  a r e  being c a r r i e d  out  by Engineering P r o j e c t s  Divis ion  
i n  c o l l a b o r a t i o n  wi th  t h e  Department of Visual  Sciences I n s t i t u t e  of 
Opthalmology, Univers i ty  of London and Environmental and Medical Sciences 
Divis ion ,  Harwell. 

The aims of t h e  p r o j e c t  a r e :  

a )  t o  determine t h e  f a c t o r s  (human o r  t e c h n i c a l )  which a f f e c t  t h e  h e a l t h  
and well-being of opera tors  under a  v a r i e t y  of remote viewing 
condi t ions ,  and 

b)  t o  measure t h e  e f f e c t  on e f f i c i e n c y  of t a s k  performance of a  v a r i e t y  
of viewing systems, inc luding  s t e r e o  TV. 



The experimental  method used i n  t h e s e  i n v e s t i g a t i o n s  i s  a s  fo l lows:  

Each volunteer  s u b j e c t ,  who need have no s p e c i a l  manipulat ive s k i l l s ,  i s  
sea t ed  a t  t h e  viewing s t a t i o n .  The t a s k  i s  t o  guide t h e  pen of an X-Y 
p l o t t e r ,  by remote c o n t r o l ,  over a number of t a r g e t  c i r c l e s  which a r e  
drawn on a s h e e t  of paper. The t a s k  is  viewed by TV cameras only.  Each 
t a r g e t  i s  marked by remote con t ro l  of t h e  pen switch i n  a sequence which 
i s  c a l l e d  out  by t h e  experiment supe rv i so r .  Time is recorded 
au tomat i ca l ly  each t ime t h e  pen marks a t a r g e t .  

The task  has been designed t o  r e q u i r e  minimum d e x t e r i t y ,  so t h a t  the  
r e s u l t s ,  i n  terms of accuracy and speed, a r e  dependent s o l e l y  on t h e  
viewing f a c t o r s ,  human and t echn ica l .  

During each t a s k ,  psycophysical  d a t a ,  r e l a t i n g  t o  performance, i s  
recorded,  p lus  o b j e c t i v e ,  phys io logica l  d a t a  r e l a t i n g  t o  f a t i g u e  and l o s s  
of concent ra t ion ,  us ing  measurement techniques r e c e n t l y  developed a t  t h e  
I n s t i t u t e  of Opthalmology. The da ta  obtained i s  processed and a n a l y s i s  
made i n  r e l a t i o n  t o  t h e  r e s u l t s  of ophthalmic tests on each s u b j e c t ;  t h e s e  
t e s t s  a r e  being c a r r i e d  out  by medical s t a f f  of t h e  Environmental and 
Medical Sciences Divis ion ,  Harwell. 

Examples of i n v e s t i g a t i o n s  i n  hand a re :  

Optimum TV monitor p o s i t i o n  f o r  an opera tor  us ing  a master-slave 
manipulator.  

The e f f e c t  on t a s k  throughput of i nc reased  TV system r e s o l u t i o n .  

A comparison of colour  and monochrome TV i n  r e l a t i o n  t o  ope ra to r  well- 
being and e f f i c i e n c y .  

A comparison of TV viewing systems, such a s  t h e  orthogonal  ( 2  cameras 
r i g h t  a n g l e s )  and t r u e  s t e r e o  TV. 

I n v e s t i g a t i o n s  i n t o  t h e  need f o r  spectacle-wearers t o  have spec tac l e s  
prescr ibed  f o r  t h e  viewing d i s t ance  t o  t h e  TV disp lay .  



Conclusions 

Over t h e  p a s t  few yea r s  t h e r e  has  been a growing r ecogn i t ion  i n  t h e  UK of 
t h e  need t o  employ closed c i r c u i t  i n d u s t r i a l  TV techniques i n  t h e  Nuclear 
Power i n d u s t r y ,  t o  a i d  d i r e c t  viewing through windows o r  as t h e  s o l e  means 
of viewing i n  a r e a s  which a r e  i n a c c e s s i b l e  t o  d i r e c t  view. 

A number of remote viewing systems a r e  i n  t h e  engineer ing  product ion 
s t age .  These have been developed t o  meet s p e c i f i c  a p p l i c a t i o n s  f o r  p l a n t s  
which a r e  i n  being o r  which a r e  under cons t ruc t ion .  

For f u t u r e  p l a n t s  t h i s  work a t  Harwell i s  backed by a programme 
development of more advanced systems which inc lude  3-D TV, r ad ia t ion -  
t o l e r a n t  TV, computer a i d s  t o  v i s i o n ,  and i n v e s t i g a t i o n s  i n  v i s u a l  
percept ion  r e l a t e d  t o  i n d u s t r i a l  TV. 

There i s  a need t o  improve image q u a l i t y ,  e s p e c i a l l y  where TV i s  used a s  
an opera tor  a i d  i n  manipulator t a s k s ,  but  a s  t h e  technology advances 
remote viewing methods may supplant  d i r e c t  viewing t o  t h e  ex ten t  t h a t  
f u t u r e  p l a n t s  may be operated from p o s i t i o n s  remote from t h e  r a d i a t i o n  
hazard. 
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STEREO TV SYSTEM 3 No Inconvenience to Operator 
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