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©  A  method  of  position  monitoring  and  apparatus  therefor. 

©  Displacement  or  strain  is  measured  by  applying 
to  a  body  10  to  be  monitored  at  least  one  grid  line 
12  (two  or  more  where  strain  measurements  are 
required)  and  scanning  a  radiation  beam  such  as  a 
laser  beam  across  or  partly  across  the  grid  line(s)  12 
to  produce  a  pulsed  output  from  which  the  mean 
position(s)  of  the  grid  line(s)  12  can  be  ascertained 
with  reference  to  a  datum  point  on  the  beam  scan- 
ning  path.  Displacement  of  each  grid  line  12  relative 
to  the  datum  point  can  be  determined.  The  beam 
scan  may  be  adjustable  to  produce  a  null  condition 
in  which  the  mean  position  of  the  grid  line(s)  12 
coincides  with  the  mid-point  of  the  beam  scan.  Any 
deviation  from  the  null  condition  then  indicates  dis- 

^i  placement  of  the  body  1  0  or  strain  thereof. 
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A  Method  of  Position  Monitoring  and  Apparatus  Therefor 

rotation  of  the  mirror  or  mirrors  defines  the  datum 
axis  of  the  beam  scan  and  adjustment  of  the  posi- 
tion  of  the  datum  axis  can  be  effected  by  appro- 
priate  adjustment  of  the  mirror  or  mirrors. 

5  According  to  a  feature  of  the  invention,  sym- 
metry  detection  is  implemented  by  a  frequency 
analysis  of  the  output  of  the  detector,  the  datum 
axis  of  the  scanned  beam  being  adjusted  to  deter- 
mine  the  position  of  adjustment  at  which  the  output 

70  of  the  detector  means  is  a  minimum  over  a  narrow 
frequency  band  containing  the  frequency  of  scan- 
ning.  For  example,  the  output  of  the  detector 
means  may  be  applied  to  a  narrow  band  filter 
tuned  to  the  scanning  frequency. 

75  In  a  second  aspect  of  the  invention,  there  is 
provided  apparatus  for  carrying  out  the  method  of 
the  first  aspect  of  the  invention,  the  apparatus 
comprising  means  for  directing  a  beam  of  radiation 
towards  at  least  one  target,  means  for  repeatedly 

20  scanning  the  beam  across  the  target,  means  for 
detecting  reflected  radiation  from  the  target,  and 
means  for  analysing  the  reflected  radiation  to  de- 
termine  any  change  in  position  of  the  target. 

The  beam  of  radiation  might  comprise,  light, 
25  neutrons,  x-rays,  or  ultrasound. 

In  one  form  of  the  apparatus  of  the  second 
aspect  of  the  invention  there  is  provided  means  for 
directing  a  beam  of  radiation  towards  a  body  to  be 
monitored  and  scanning  the  beam  at  a  predeter- 

30  mined  frequency  across  a  target  on  the  body, 
detector  means  for  receiving  reflected  radiation 
from  the  target  whereby  the  detector  means  re- 

.  ceives  two  time-separated  reflected  pulses  from 
the  target  per  cycle  of  scan,  means  responsive  to 

35  the  detector  means  for  adjusting  the  mean  position 
of  scanning  until  the  received  reflected  pulses  are 
substantially  equispaced  timewise,  means  for  re- 
cording  the  adjusted  mean  position  associated  with 
the  target  whereby  the  mean  position  necessary,  in 

40  a  subsequent  scan  of  the  target,  to  attain  the 
equispaced  relation  of  the  received  pulses  can  be 
compared  with  the  recorded  mean  position  to  de- 
tect  any  displacement  of  the  target. 

Preferably  the  adjusting  means  is  frequency 
45  selective  and  is  responsive  to  the  component  of  the 

detector  means  output  having  a  frequency  content 
corresponding  to  said  pre=determined  scanning  fre- 
quency.  In  one  embodiment,  the  adjusting  means 
includes  a  narrow  bandpass  filter  tuned  to  said  pre- 

50  determined  frequency  and  coupled  to  receive  the 
output  of  the  detector  means. 

One  major  advantage  of  the  invention  is  that  as 
a  non-contact  method  and  apparatus  it  enables 
strain  and  displacement  to  be  determined  at  rela- 
tively  high  temperatures,  for  example  in  excess  of 

This  invention  relates  to  a  method  and  appara- 
tus  for  position  monitoring,  for  example  in-plane 
surface  displacements  of  a  body  produced  by  sur- 
face  strain  or  possibly  cracks,  such  as  surface 
cracks  or  cracks  buried  within  the  body. 

According  to  a  first  aspect,  the  invention  pro- 
vides  a  method  of  monitoring  the  position  of  at 
least  one  target,  the  method  comprising  repeatedly 
scanning  a  beam  of  radiation  across  the  target, 
receiving  reflected  radiation  from  the  target,  and 
analysing  the  reflected  radiation  to  determine  any 
change  in  position  of  the  target. 

Conveniently,  the  method  of  the  invention  in- 
cludes  scanning  the  beam  at  a  predetermined  fre- 
quency  relative  to  a  datum  axis  such  that  the 
scanned  beam  traverses  a  target  on  said  body 
twice  per  cycle  of  scan  and  produces  correspond- 
ing  pulses  of  reflected  radiation  therefrom,  receiv- 
ing  the  time-separated  pulses  at  a  detector  means, 
adjusting  the  datum  axis,  if  necessary,  to  render 
the  received  pulses  substantially  symmetrical  in 
time,  recording  the  adjusted  position  of  the  datum 
axis  associated  with  the  target,  subsequently  re- 
peating  the  scan  of  said  target  with  the  scanning 
datum  axis  in  said  adjusted  position  and  detecting 
any  loss  of  symmetry  of  the  pulses  received  by  the 
detector  means. 

The  displacement  associated  with  the  body 
may  comprise  translational  and/or  angular  displace- 
ment  of  the  body  as  a  whole  or  in-plane  surface 
displacements  on  the  body. 

Where  the  method  is  to  be  used  in  the  moni- 
toring  of  in-plane  surface  displacements,  the  body 
may  be  provided  with  a  plurality  of  targets  distrib- 
uted  in  parallel  relationship  over  a  surface  of  inter- 
est  and  the  targets  are  initially  scanned  individually 
to  derive  an  adjusted  scanning  datum  axis  for  each 
target,  each  adjusted  datum  axis  position  is  re- 
corded,  and  subsequently  each  target  is  scanned 
periodically  with  the  scanning  datum  axis  in  the 
adjusted  position  initially  derived  for  the  respective 
target.  In  this  way,  the  surface  strain  field  can  be 
monitored  by  periodically  performing  scans  of  the 
targets. 

The  targets  may  comprise  a  series  of  grid  lines 
applied  to  the  surface  of  interest,  or  mutually  per- 
pendicular  lines. 

The  radiation  beam  conveniently  comprises 
light,  for  example  a  laser  beam,  and  a  scanning 
motion  might  be  imparted  by  means  of  an  an- 
gularly  driven  optical  element,  for  example  an  os- 
ciilating  mirror,  or  a  pair  of  mirrors  mounted  on  a 
rotating  carrier  so  as  to  describe  an  orbital  scan  of 
the  laser  beam.  The  mean  position  of  oscillation  or 
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that  the  extent  of  the  scan  at  the  surface  10  is  only 
across  one  grid  line  12.  Figure  2  illustrates  dia- 
grammatically  the  scanning  of  the  beam  spot 
across  one  of  the  grid  lines  12.  The  limits  of  the 

5  scan  path  22  are  indicated  by  references  a  and  c 
and  the  mean  position  of  the  beam  during  each 
such  scan  is  indicated  by  the  centre  line  24.  The 
lines  12  when  scanned  by  the  beam  reflect  the 
laser  radiation  and  a  suitable  detector  26  is  located 

10  to  receive  the  pulses  reflected  each  time  the  beam 
traverses  the  lines  12. 

In  the  situation  shown  in  Figure  2,  it  will  be 
seen  that  the  centre  line  24  (which  in  effect  repre- 
sents  a  mean  position  or  datum  axis  for  the  scan) 

75  is  offset  relative  to  the  grid  line  1  2.  In  the  course  of 
each  scan  the  detector  receives  two  pulses  as  the 
beam  travels  from  point  a  to  point  c  and  back  to  a 
again.  Figure  3  illustrates  the  pulsed  output  pro- 
duced  by  the  detector  26  which  consists  of  a 

20  series  of  pulses  in  which  the  intervals  between 
successive  pulses  differs.  In  Figure  3,  T  represents 
the  delay  between  alternate  pulses  produced  as 
the  beam  sweeps  in  both  directions  between  a  and 
c,  and  t  represents  the  interval  between  pulses  as 

25  The  beam  sweeps  from  c  to  a  and  back  towards  c. 
T  is  also  equal  to  the  inverse  of  the  frequency  of 
scan  of  the  beam. 

By  adjusting  the  mean  position  or  datum  posi- 
tion  of  the  scan  by  appropriate  adjustment  of  the 

30  mean  position  of  the  angular  oscillation  of  the  mir- 
ror  18,  the  centreline  24  can  be  brought  into  co- 
incidence  with  the  medial  axis  of  the  target  line  12 
and,  in  this  event,  the  pulsed  output  of  the  detector 
26  will  be  as  shown  in  Figure  4  where  ail  of  the 

35  pulses  are  spaced  at  equal  intervals  such  that  t  = 
T/2.  The  coincident  position  can  thus  be  located  by 
analysing  the  output  of  the  detector,  as  the  beam 
datum  position  is  varied,  in  order  to  determine 
when  the  symmetrical  pulse  output  condition  of 

40  Figure  4  prevails. 
In  practice,  this  can  be  readily  implemented  by 

a  frequency  analysis  technique  for  example  using  a 
frequency  analyser  or  a  narrow  band  filter  tuned  to 
the  scanning  frequency,  ie  the  frequency  of  oscilla- 

45  tion  of  the  mirror  18.  When  the  coincidence  con- 
dition  prevails,  the  detector  output  over  a  narrow 
band  of  frequencies  centred  on  the  scanning  fre- 
quency  will  be  at  a  minimum  compared  with  non- 
coincident  conditions.  As  shown  schematically  in 

so  Figure  1  ,  the  output  of  the  detector  26  is  applied  to 
a  symmetry  detecting  circuit  28  including  for  exam- 
ple  a  narrow  band  filter  tuned  to  the  scanning 
frequency  and  the  circuit  26  produces  a  signal 
representing  the  frequency  component  of  the  de- 

55  tector  output  over  a  narrow  band  (eg.-  10  Hz) 
centred  on  the  scanning  frequency.  This  signal  is 
monitored  by  a  microprocessor-based  controller  30 
which  controls  the  drive  unit  20  in  order  to  adjust 

700°  C,  or  in  hazardous  environments  where  ac- 
cess  is  restricted. 

The  invention  will  now  be  described  further  by 
way  of  example  only  with  reference  to  the  accom- 
panying  drawings  in  which: 

Figure  1  is  a  schematic  view  of  apparatus  for 
carrying  out  the  method  of  the  invention; 

Figure  2  is  a  view  illustrating  the  extent  of  a 
laser  beam  linear  scan  with  respect  to  a  target  on 
the  surface  to  be  monitored; 

Figures  3  and  4  illustrate  pulse  trains  ob- 
tained  for  different  mean  scanning  positions  of  the 
laser  beam; 

Figure  5  is  a  modification  of  the  view  of 
Figure  2; 

Figures  6  and  7  illustrate  pulse  trains  from 
the  modification  of  Figure  5; 

Figures  8  to  14  show  orbitai-laser  scans 
used  for  the  method  of  the  invention; 

Figure  1  5  shows  another  application  of  the 
invention; 

Figures  16  and  17  show  diagrammatically 
modifications  of  the  apparatus  of  Figure  1  ;  and 

Figures  18  and  19  show  diagrammatically 
further  alternative  apparatus  to  that  of  Figure  1  . 

In  the  above  Figures  like  parts  have  like  nu- 
merals. 

As  shown  in  Figure  1,  the  surface  10  of  the 
body  to  be  monitored  has  applied  thereto  an  op- 
tical  grid  comprising*  a  series  of  target  lines  12 
which  are  shown  exaggerated  for  clarity  but  may 
typically  comprise  a  series  of  diffusely  reflecting 
white  lines  formed  by  the  application  of  a  high 
temperature  paint  (eg  stable  at  temperatures  above 
700  °C)  to  the  surface  10  by  standard  mask  and 
spray  techniques.  The  grid  may  for  example  com- 
prise  two  sets  of  mutually  orthogonal  target  lines 
extending  in  the  plane  of  the  surface  with  a  pitch 
between  adjacent  lines  of  the  order  of  Imm.  A 
beam  14  of  radiation  from  a  laser  source  16  is 
projected  onto  the  surface  10  by  a  mirror  18  and 
via  standard  focussing  and  collimating  optical  com- 
ponents  which  have  been  omitted  for  clarity. 

The  laser  beam  is  caused  to  execute  a  scan- 
ning  motion  across  the  surface.  This  may  be  ac- 
hievd  in  various  ways,  eg  by  linear  displacement  of 
the  source  and/or  mirror  18  or  by  angular  oscilla- 
tion  of  the  mirror.  In  the  illustrated  embodiment, 
scanning  of  the  beam  is  effected  by  an  angularly 
oscillating  mirror  driven  about  an  axis  normal  to  the 
plane  of  the  paper  by  a  control  drive  unit  20  which 
produces  a  drive  output  having  a  symmetrical 
waveform,  eg  sinusoidal.  If  desired,  the  scanning 
may  be  effected  in  orthogonal  directions  by  means 
of  a  twin  axis  mirror  system  in  place  of  the  single 
mirror  shown. 

The  drive  waveform  amplitude  is  selected  so 
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the  scan  shown  as  13  in  Figure  5  is  arranged  so 
that  it  does  not  completely  traverse  the  lines  12a, 
12b.  When  the  datum  position  'D'  of  the  scaTi 
coincides  with  the  mid-point  'd'  between  the  lines 

5  12a,  12b,  the  same  amount  of  light  is  scattered 
from  each  line  12a,  12b.  Any  deviation  from  this 
coincidence  position  of  'D'  and  'd1  results  in  more 
light  being  scattered  from  one  line  12a  or  12b  than 
the  other  line  12b,  or  12a.  Hence  dlfferenrscat- 

io  tered  light  puise  integral  energies  will  be  received 
by  the  detector  26,  and  the  difference  between  the 
amplitudes  of  neighbouring  pulses  (see  Figure  6) 
will  be  a  measure  of  the  degree  of  asymmetry  from 
the  original  midpoint. 

75  Symmetry  may  be  re-established  (see  Figure 
7)  by  appropriate  movement  of  the  mirror  18,  from 
which  the  mean  displacement  of  the  grid  lines  12a, 
12b  can  be  deduced. 

The  integrated  scattered  pulse  energy  will  be 
20  dependent  upon  the  degree  of  overlap  of  the  scan 

13  and  grid  lines  12.  If  strain  occurs  then  the  grid 
lines  12  will  move  farther  apart  causing  a  reduction 
in  detected  pulse  amplitude.  By  monitoring  the 
area  of  these  pulses  (amplitude  x  time),  the  RMS 

25  value,  or  their  peak  height  over  several  pulses,  a 
measure  of  the  degree  of  grid  line  12  separation, 
and  hence  strain  can  be  deduced. 

In  order  to  correct  for  any  changes  in  grid  line 
12  reflectivity  or  laser  beam  intensity,  both  of  which 

30  affect  the  scattered  pulse  amplitude,  the  laser  scan 
13  can  be  uniformly  extended  beyond  the  outer 
limits  of  the  grid  lines  12,  the  unfiltered  resultant 
scattered  light  pulse  amplitudes  (from  each  line  12) 
now  being  independent  of  the  grid  line  12  separa- 

35  tion  and  hence  strain  but  dependent  upon  the  grid 
line  12  reflectivity  and  laser  beam  intensity, 

Although  the  invention  has  been  described  in 
relation  to  oscillatory  movement  of  the  laser  beam, 
the  mirror  18  may  be  driven  continuously  using  a 

40  precision  motor  drive  such  as  a  synchronous  motor 
or  a  stepping  motor  (not  shown).  A  single  line  12 
would  yield  a  corresponding  scattered  light  pulse 
as  the  laser  beam  passes  over  the  line  1  2.  This 
would  occur  once  each  revolution  for  a  single  sided 

45  mirror  18  or  twice  for  a  double  sided  mirror.  If  the 
angular  position  of  the  mirror  18  is  accurately 
known,  by  the  inclusion  of  a  suitable  angular  trans- 
ducer  on  the  motor  drive  shaft  for  example,  then 
the  spatial  location  of  the  line  12  may  be  deduced 

so  from  a  knowledge  of  this  angular  position  when  the 
scattered  light  pulse  is  generated. 

For  strain  measurement  at  least  two  lines  12 
are  required  and  the  scattered  light  pulses  from 
each  line  12  detected,  and  the  time  delay  between 

55  the  pulses  monitored  using  precision  timing  equip- 
ment.  From  this  delay  and  a  knowledge  of  the 
angular  velocity  of  the  mirror  drive  shaft,  and  the 
separation  of  the  lines  12  from  the  mirror  18  (the 

the  beam  datum  position  (ie  the  mean  scanning 
position)  until  the  signal  from  the  circuit  28  reaches 
a  minimum.  This  controller  30  then  registers  the 
corresponding  mean  scanning  position  and  stores 
appropriate  data  for  the  grid  line  examined  in  store 
32. 

The  procedure  is  repeated  at  different  positions 
over  the  optical  grid  so  that  the  store  contains  a 
record  of  all  of  the  mean  scanning  positions  for 
each  grid  position  monitored  from  which  separation 
of  neighbouring  grid  lines  can  be  deduced.  The 
procedure  is  repeated  subsequently  in  order  to 
monitor  for  changes  in  grid  line  separation  as  a 
result  of  for  example  crack-induced  in-plane  sur- 
face  displacements.  Such  changes  will  manifest 
themselves  if  the  relative  mean  scanning  positions 
required  to  achieve  the  coincident  conditions  for 
each  pulse  differ  from  the  relative  mean  scanning 
positions  initially  derived  and  stored  in  the  store  32. 
The  controller  30  drives  a  recorder  34,  eg  a  display 
and/or  printer,  for  recording  the  relative  positions  of 
the  lines  of  the  grids  obtained  during  each  scan  of 
the  grid. 

The  procedure  can  be  arranged  to  scan 
(preferably  uniformly)  across  two  or  more  lines  12, 
to  produce  corresponding  pulses  from  which  the 
time  delay  *  t'  between  the  pulses  can  be  deduced. 
Any  change  in  the  position  of  the  lines  12  due  to 
strain  or  surface  displacement  (eg  cracks)  will  re- 
sult  in  a  change  in  the  time  delay  T  from  which  the 
strain  or  displacement  can  be  deduced  by  pulse 
timing  analysis.  Any  common  mode  effects,  for 
example  natural  convection  currents,  can  be  made 
negligible  by  choosing  scan  periods  significantly 
smaller  than  the  time  constants  associated  with  the 
common  mode  effects. 

The  apparatus  of  Figure  1  with  a  linear  scan  is 
sensitive  to  displacements  in  the  direction  of  scan. 
To  measure  displacements  in  three  orthogonal  di- 
rections,  three  independent  scans  must  be  em- 
ployed  each  with  a  resolved  component  in  the 
displacement  direction.  The  inclination  or  topology 
of  the  target  line  surface  has  negligible  effect  on 
measurement  accuracy.  For  strain  measurement 
the  procedure  is  independent  of  topology  or  in- 
clination  so  long  as  these  remain  constant.  If  either 
of  these  change  then  more  than  one  scan  direction 
must  be  employed  with  non-parallel  beam  datum 
axes.  If  lateral  scans  are  employed,  ie  no  angular 
separation  of  the  beam  datum  axes  at  scan  limits, 
then  the  procedure  is  insensitive  to  surface  move- 
ment  in  a  direction  normal  to  the  beam  datum  axis. 

If  any  movement  is  likely  to  cause  a  change  in 
scattered  energy  at  the  detector  26  then  it  is  pref- 
erable  to  employ  the  above-mentioned  pulse  timing 
analysis  rather  than  symmetry  methods. 

In  a  modified  procedure  shown  in  Figure  5  for 
scanning  between  two  lines  12a,  12b  the  path  of 
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deduced  by  timing  the  scattered  light  pulses  and 
comparing  the  delays  between  consecutive  pulses 
with  each  other  within  a  4  pulse  group,  or  with  the 
scan  period,  ie  the  time  for  a  complete  rotation  of 

5  the  laser  beam.  As  shown  in  Figure  9,  the  displace- 
ment  of  the  target  lines  X-X,  Y-Y  with  respect  to 
the  coincident  position  of  01  and  0  is  represented 
by  'x\  y  respectively.  Then  Y  is  given  by: 
x  =  r  cos  8/2 

10  where  Q  is  the  angle  swept  as  the  scan  passes 
from  a1  to  c1. 

9  "can  "be  deduced  directly  from  the  pulse  se- 
quence  in  Figure  9a  and  is  given  by: 

latter  two  controlling  the  laser  beam  scan  velocity 
across  the  lines  1  2)  the  separation  of  the  lines  1  2 
can  be  deduced,  and  corresponding  strain  or  com- 
pression  obtained. 

By  including  an  angular  transducer  on  the  mir- 
ror  18  drive,  any  common  mode  movement  (ie 
body  movement)  of  the  lines  1  2  with  respect  to  the 
mirror  drive  can  be  deduced. 

Alternatively,  if  the  motor  is  an  ac  synchronous 
motor,  or  a  stepping  motor,  the  angular  position  of 
the  drive  shaft  corresponding  to  the  scattered  light 
pulse  can  be  deduced  from  the  motor  drive  signal, 
and  the  line  12  position  with  respect  to  the  mirror 
18  drive  again  deduced. 

More  than  two  reflecting  mirrors  18  may  be 
used,  for  example,  on  the  faces  of  a  hexagonal  or 
other  polygonal  rotary  body,  with  the  body  being 
rotated  so  as  to  repeatedly  scan  a  light  beam 
across  target  lines.  It  will  be  appreciated  that  the 
light  beam  may  be  passed  through  fibre  optical 
filaments,  and  scanning  achieved  by  physical 
movement  of  the  filaments  or  optical  reflector,  or 
by  switching  across  a  coherent  fibre  optical  bundle. 
The  use  of  fibre  optical  lines  has  advantages  when 
the  path  between  the  mirror  18  or  reflector  and  the 
grid  line  12  is  non-linear  or  opaque  and  may  be 
aided  by  use  of  conventional  optical  devices  such 
as  prisms  and  lenses. 

Instead-  of  the  use  of  a  linear  scan  of  the  laser 
beam,  a  two-dimensional  such  as  an  orbital  scan 
may  be  used,  for  example  around  two  mutually 
perpendicular  lines  on  a  surface  as  shown  in  Fig- 
ures  8  and  9  to  which  reference  is  made. 

In  Figure  8  a  laser  beam  has  a  datum  axis  0  of 
a  circular  scan  pattern  at  a  radius  'r'  in  the  direc- 
tion  shown  by  the  arrows  that  coincides  with  the 
intersection  point  O1  of  two  mutually  perpendicular 
target  lines  x-x,  y-y  respectively. 

As  the  laser  beam  passes  over  the  lines  X-X, 
Y-Y  a  uniform  sequence  of  scattered  light  pulses 
will  result  at  a,  b,c,  d  with  a  frequency  of  4  times 
the  scan  frequency  at  a  period  T,  see  Figure  8a. 

Any  departure  from  the  above  coincident  con- 
dition  of  O1  and  0  as  shown  in  Figure  9,  will  induce 
a  non-uniform  pulse  sequence  with  '4  pulse'  group- 
ings  a1  ,b1  c1  d1  recurring  at  the  scan  frequency, 
and  separated  by  respective  time  intervals  ti  t2,  t3, 
U,  see  Figure  9a.  Low  pass  or  narrow  band  filtering 
of  the  detected  "signal  at  this  frequency  will  yield  a 
finite  component  having  an  amplitude  which  will 
increase  with  the  degree  of  axial-asymmetry.  For 
the  symmetrical  or  coincident  case  of  Figure  8,  this 
scan  frequency  component  will  be  zero  or  a  mini- 
mum.  The  displacement  of  the  intersection  point  01 
can  be  deduced  from  the  mean  displacement  of 
the  laser  beam  0  necessary  to  re-establish  co- 
incidence  of  0  and  01 

Alternatively  any  displacement  of  01  can  be 

75 e-  =  2-tT  ( t i   +  f ) )  
T 

t h u s   x  =  r  cosTf   (_ t j_+_t_2 . )  
T 

20 

Similarly,  if  0  the  angle  subtended  by  d1.  b1, 
then  the  displacement  'y'  is  given  by: 
y  =  r  c o s ^  

25  which  can  be  expressed  in  terms  of  pulse  period 
delays, 

r  c o s T f   ( t i + t i )  f y f  t h u s  
30 

Hence  'y'  and  'x'  can  De  deduced  directly  from  a 
knowledge  of  the  circular  orbital  scan  radius  'r', 
and  a  knowledge  of  the  time  delays  between  con- 
secutive  pulses  which  can  be  readily  derived  using 
standard  timing  apparatus. 

It  is  important  to  generate  a  symmetrical  two- 
dimensional  scan,  and  this  may  be  achieved  in  a 
number  of  ways.  One  way  would  be  to  employ  twin 
orthogonal  axis  mirrors  (not  shown)  driven  from  a 
common  sine  wave  signal  but  with  a7r/2  relative 
phase  shift. 

Alternatively  as  shown  in  Figure  10,  a  double 
mirror  arrangement  Mi  M2  with  no  relative  move- 
ment  could  be  employed,  with  the  rotation  of  the 
mirrors  Mi  M2  about  an  axis  through  the  incident 
laser  beam  datum  axis  generating  a  circular  scan. 

The  orbital  scan  procedure  of  Figures  8  and  9 
is  sensitive  to  movement  in  the  plane  normal  to  the 
beam  datum  axis.  If  the  normal  to  the  surface  is 
inclined  to  the  beam  datum  axis  then  the  resolved 
component  of  the  intersecting  target  lines  a ' c \  
b1d1,  may  no  longer  be  orthogonal.  To  remove 
ambiguities  more  than  one  scan  beam  datum  axis 
angle  can  be  employed  and  displacement  mea- 
surements  made  using  pulse  timing  analysis  rather 
than  symmetry  methods. 

The  orbital  scan  procedure  of  Figures  8  and  9 
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Automatic  Systems  Laboratories  Ltd,  Milton 
Keynes,  United  Kingdom.  An  elliptical  scan  for  a 
given  perimeter  of  scan  may  have  relatively  low 
sensitivity  to  common  mode  effects  near  to  the 

5  beam  minor  axis  and  in  the  direction  normal  to  the 
target  lines  along  the  surface  of  the  body  upon 
which  the  lines  are  superimposed.  Common  mode 
effects  may  also  be  minimised  by  averaging  of  the 
time  between  pulses.  Alternatively  the  arrangement 

10  shown  in  Figure  10  may  be  used  to  derive  an 
elliptical  scan,  by  inclining  the  axis  of  rotation  of 
the  mirrors  Mi  M2  to  the  target  at  some  angle  9  as 
shown  in  Figure  13. 

The  image  spot  velocity  in  this  case  will  not  be 
75  constant  as  the  spot  describes  the  elliptical  path 

but  is  readilly  predictable.  For  example  as  shown  in 
Figure  14,  the  tangential  velocity  Vy  at  the  intercep- 
tion  points  'a'  and  'b'  of  the  major  axis  X-X  will 
equal  the  circular  velocity  Vc  of  Figure  10.  How- 

20  ever,  the  tangential  velocity  Vx  at  the  interception 
points  'cr  and  'd'  of  the  minor  axis  will  be  equal  to 
Vc  cosec  8  which  is  always  greater  than  Vc  except 
for  a  normal  incidence  angle. 

Despite  this  variation  in  spot  velocity  around 
25  the  ellipse,  if  symmetry  conditions  are  induced  in 

which  the  major  and  minor  axes  coincide  with 
orthogonal  target  lines,  the  resultant  pulse  se- 
quence  will  consist  of  a  series  of  equi-spaced 
pulses  with  »  repetition  rate  four  times  the  orbital 

30  frequency. 
If  relative  displacement  (eg  strain)  is  measured 

under  the  above  coincident  conditions  by  monitor- 
ing  the  delay  between  consecutive  pulses  gen- 
erated  by  the  corresponding  target  line  pairs,  no 

35  ambiguities  will  result  due  to  spot  velocity  vari- 
ations.  If,  however,  relative  displacements  are  to  be 
measured  under  uncontrolled  absolute  displace- 
ment  conditions,  it  would  be  preferable  to  confine 
measurements  to  the  low  curvature  regions  of  the 

40  ellipse,  ie  e,  f  or  g,  h,  since  rates  of  change  of 
consecutive  pulse  delays  will  be  least  in  those 
regions. 

One  benefit  relative  displacement-measure- 
ments,  using  two  parallel  target  lines,  have  over 

45  absolute  (eg  single  target  line)  displaement  mea- 
surement  is  that  the  parallel  target  lines  are  less 
vulnerable  to  instabilities  in  the  laser  scanning  op- 
tical  system  as  well  as  showing  a  low  sensitivity  to 
random  refractive  index  changes  generated  by  nat- 

50  ural  convection  currents  associated  with  hot  tar- 
gets.  For  the  single  target  'absolute'  case  the  ef- 
fects  of  the  above  instabilities  require  further  signal 
processing  eg  time  averaging  etc,  to  minimise 
them. 

55  The  orbital  scan  procedure  may  also  be  used 
in  relation  to  the  procedure  of  Figure  5,  since  the 
extremities  of  the  scan  13  in  Figure  5  couid  be 
produced  by  an  orbital  scan  of  the  laser  beam. 

has  advantages  in  that  it  enables  displacement  in 
two  dimensions  to  be  determined.  The  use  of  a 
single  line  b  d  or  a  c  may  be  used  when  displace- 
ment  in  on7y~a  single  direction  is  to  be  detected. 
The  displacement  can  then  be  deduced  in  a  similar 
manner  to  that  described  in  relation  to  Figures  8 
and  9,  since  a  sequence  of  two  light  pulses  will  be 
produced  in  each  scan,  and  can  be  subjected  to 
!ow  pass  or  narrow  band  filtering,  or  to  timing 
analysis. 

When  strain  is  to  be  determined  using  an  or- 
bital  scanning  procedure  the  use  of  double  lines 
can  be  used  as  shown  in  Figure  11.  In  Figure  11  a 
laser  beam  has  a  circular  scan  pattern  produced  in 
the  manner  of  Figure  10  and  in  the  direction  shown 
by  the  arrows  from  a  datum  point  0.  The  scan 
passes  across  parallel  lines  a  f  and  b  e,  and 
parallel  lines  c  h  and  g  d  at  the  same  spacing  and 
which  intersect  "and  are~perpendicular  to  lines  a  f 
and  b  e.  The  pulses  made  by  the  scan  as  it 
crosses  "between  a  b,  c  d,  e  f,  g  h,  are  represented 
by  ti,  t2,  t3,  U  respectively,  the  pulse  sequence 
produced  in  a  complete  scan  in  symmetrical  con- 
ditions  being  shown  in  Figure  12.  The  strain  of  a 
body  on  which  the  lines  a  f,  b  e,  c  h  and  d  g  are 
mounted,  can  be  deduced  from  the  changes  in  the 
delay  between  successive  pulses,  and  should  be 
carried  out  under  symmetry  conditions.  This  is 
indicated  by  uniformity  of  the  time  between  pairs  of 
pulses,  and  is  brought  about  by  moving  the  datum 
point  0  until  uniformity  of  the  timing  is  reached. 
Then  if  the  angle  generated  by  the  scan  between 
two  lines,  say  a,  b  is  9  at  the  start  but  due  to  strain 
of  the  body  increases  to  01  as  b  moves  to  b',  for 
smail  angles  of  9  the  strain  S  is  represented  by: 

s  =  j*1  -  1 

e 

and  is  in  the  direction  h  c  or  g  d. 
In  a  similar  manner  strain  in  the  direction  of 

line  a  f  or  b  e  can  be  determined.  Should  strain  in 
only"bne  diTection  be  required,  one  pair  of  lines  a  f, 
b  e,  or  h  c,  g  d  can  be  omitted  depending  on  the 
direction  of  strain  to  be  monitored. 

In  another  example  of  an  orbital  scan,  the  scan 
could  follow  a  non-circular  path  such  as  an  elliptical 
path  in  which  analysis  of  the  results  would  be 
similar  to  that  produced  by  the  circular  scans  of 
Figures  8,  9,  11  and  12.  The  elliptical  scan  could 
be  produced  by  use  of  orthogonal  mirrors  (not 
shown)  driven  from  a  common  it/2  phase  difference 
sine  wave  source,  with  the  drive  amplitude  of  one 
mirror  being  different  from  that  of  the  other  mirror 
so  as  to  generate  the  ratio  of  the  axes  of  the 
ellipse.  Such  mirrors  are  available  for  example  from 
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The  separation  'd'  of  the  reference  target  97 
and  the  beam  splitter  94  could  be  made  com- 
parable  with  the  separation  'D'  of  the  specimen 
target  by  known  beam  folding  techniques  using 

5  multiple  reflections  from  near  parallel  or  parallel 
mirrors  (not  shown). 

The  scattered  light  pulses  from  the  reference 
target  97  and  the  specimen  target  95  are  detected 
by  a  reference  detector  100  and  a  specimen  detec- 

w  tor  102  respectively.  Symmetry  conditions  are  in- 
duced  for  both  the  reference  target  97  and  the 
specimen  target  95  by  appropriate  adjustment  of 
the  mirror  drive  control  (not  shown)  and  the  refer- 
ence  target  97  controls  (not  shown).  If  now  the 

75  beam  wanders  from  symmetry,  then  a  correspond- 
ing  signal  from  the  reference  detector  100  is  fed 
back  to  the  mirror  drive  control  to  restore  the 
original  symmetrical  condition.  If  the  specimen  tar- 
get  95  is  then  displaced  from  its  symmetrical  con- 

20  dition,  then  the  pulse  sequences  from  the  reference 
target  97  and  the  specimen  target  95  will  now 
differ,  and  the  extent  of  target  line  displacement 
can  be  deduced  from  a  knowledge  of  'd1  and  'D' 
and  the  adjustment  necessary  to  the  reference 

25  target  97  to  generate  identical  specimen  target  95 
pulse  sequences. 

Although  symmetry  conditions  are  readilly  de- 
tectable  using  low  pass  filtration  methods,  etc,  in 
practice  it  is  not  necessary  to  establish  the  sym- 

30  metry  condition  since  the  specimen  target  95  dis- 
placement  can  be  deduced  directly  by  comparing 
the  specimen  target  95  pulse  sequence  from  the 
scan  with  the  reference  target  97  pulse  sequence 
using  timing  methods,  this  procedure  being  insen- 

35  sitive  to  any  common  mode  effects  such  as  beam 
wander.  For  this  system  natural  convection  current 
effects  would  not  be  common  to  reference  target 
97  and  specimen  target  95  pulse  sequences  from 
the  scan  and  must  therefore  be  accommodated  by 

40  time  averaging,  etc. 
The  arrangement  in  Figure  17  has  other  ap- 

plications.  It  may  be  used  as  an  alternative  to  the 
arrangement  of  Figure  15  when  it  is  necessary  to 
monitor  displacement  of  two  bodies,  with  the  speci- 

45  men  target  95  located  on  one  of  the  bodies  and 
another  target  instead  of  the  reference  target  97  on 
the  other  body.  Displacement  of  either  of  the  bod- 
ies  can  be  detected  by  the  afore-described  sym- 
metry  or  pulse  timing  methods.  This  enables  the 

so  two  bodies  to  be  monitored  from  a  single  laser 
source. 

Although  the  invention  has  been  described  in 
relation  to  the  use  of  a  laser  beam,  other  forms  of 
radiation  may  be  used  for  applications  where  op- 

55  tical  radiation  is  not  appropriate,  eg  through  an 
opaque  media.  These  other  forms  include  ultra- 
sonics,  neutron  radiation,  or  X-rays.  Such  applica- 
tions  would  usually  involve  a  line  in  the  form  of  a 

Furthermore  as  shown  in  Figure  15,  if  relative  dis- 
placement  of  two  remote  structural  members  70 
and  72  is  required  to  be  measured,  an  additional 
projected  member  74  may  be  firmly  secured  at 
one  end  to  the  member  70  and  extend  so  as  to 
overlap  the  other  member  72.  A  target  line  76 
superimposed  on  the  projected  member  74  is  then 
arranged  to  lie  close  to  a  parallel  target  line  78  on 
the  other  member  72,  thus  allowing  the  af- 
oredescribed  pulse  timing  analysis  to  be  em- 
ployed. 

If  any  of  the  elements  within  the  laser  optical 
head  including  the  laser  itself  are  in  any  way  unsta- 
ble  or  if  relative  movement  existed  between  these 
elements,  this  could  cause  instabilities  in  the  pro- 
cessed  signal. 

Lasers  are  renowned  to  suffer  from  some  spa- 
tial  instabilities  due  to  thermal  effects  which  might 
typically  induce  a  100  micro  radian  angular  dis- 
placement  of  the  laser  beam.  This  would  cause  a 
100  micron  lateral  displacement  of  a  laser  spot 
incident  upon  a  target  located  one  metre  from  the 
laser  beam  aperture. 

It  is  possible  to  obtain  commercially  low  power- 
ed  'Uniphase'  He-Ne  lasers  having  a  spatial  stabil- 
ity  of  better  than  100  micro  radians  after  initial 
warming  of  the  laser,  so  there  may  well  be  many 
applications  where  the  problems  of  instabilities  will 
not  arise.  In  other  applications,  or  with  higher 
powered  laser  sources,  methods  of  compensating 
for  laser  instabilities  may  be  necessary. 

One  such  method  of  compensating  for  these 
thermal  induced  spatial  instabilities  of  the  laser 
beam  is  shown  in  Figure  16  in  which  an  emergent 
laser  beam  from  a  source  80  is  split  by  use  of  an 
adjustable  beam  splitter  82.  One  fraction  of  the 
split  beam  is  directed  to  a  precision  position  detec- 
tor  84  eg  a  four  quadrant  photo  sensor.  The  other 
fraction  of  the  beam  would  be  deflected  by  an 
oscillatory  mirror  86  to  a  target  85.  Any  lateral 
displacement  of  the  beam  away  from  a  reference 
condition  that  corresponds  to  zero  output  from  the 
detector  84,  generates  an  output  from  the  detector 
84  which  is  fed  to  the  beam  splitter  82  to  alter  the 
angular  position  of  the  beam  splitter  82  and  thus 
return  the  beam  to  the  reference  position  on  the 
detector  84.  In  other  respects  the  apparatus  of 
Figure  16  operates  in  a  similar  manner  to  the 
apparatus  of  Figure  1  . 

Alternatively  the  effects  of  spatial  instability  (or 
beam  wander)  of  a  laser  source  could  be  accom- 
modated  using  a  reference  target  line  as  shown  in 
Figure  17.  In  Figure  17  a  beam  from  a  source  90  is 
oscillated  by  a  mirror  92  and  split  by  a  beam 
splitter  94  with  50%  passing  to  a  specimen  target 
95  and  50%  of  the  beam  passing  to  a  reference 
target  97  contained  in  an  optical  scanning  assem- 
bly  head  98  and  movable  laterally. 
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In  Figure  19  an  alternative  arrangement  for 
sweeping  a  beam  of  neutrons  is  shown,  in  that  a 
boron  shielding  block  120  having  an  aperture  122 
is  arranged  to  oscillate  as  shown  by  the  arrow  Y. 

5  Incident  neutron  radiation  124  is  reflected  by  a 
neutron  reflector  or  moderator  lining  128  in  the 
aperture  122  so  that  a  beam  126  of  neutrons  is 
swept  across  the  lines  1  18  as  the  shielding  block 
120  is  oscillated.  The  detected  scattered  energy 

10  pulses  from  the  lines  118  are  subsequently  an- 
alysed  in  a  similar  manner  to  that  in  relation  to 
Figure  18. 

Other  ionising  radiations  such  as  X-rays  could 
be  employed  with  the  line  material  chosen  to  yield 

75  characteristic  scattered  X-rays.  The  X-rays  could 
be  produced  from  a  target,  and  oscillation  or  dis- 
placement  of  the  target  couid  be  used  to  produce  a 
scan  of  the  lines  in  a  similar  manner  to  that  af- 
oredescribed.  Other  radiation  might  be  used  that  is 

20  capable  of  being  focussed  or  collimated  and 
scanned,  and  whose  scattering  characteristics  from 
a  target  or  targets  can  be  distinguished  from  those 
of  the  target  surrounds. 

discontinuity  which  will  scatter  the  radiation  in  a 
manner  different  from  that  of  the  discontinuity  sur- 
rounds.  By  detecting  the  appropriate  scattered  ra- 
diation  pulses  resulting  from  scanning  the  incident 
radiation  beam  across  the  discontinuity  the  spatial 
location  of  the  discontinuity  can  be  defined  with 
respect  to  the  scanning  system  by  analysing  the 
pulses. 

When  ultrasonics  are  used  in  a  suitable  con- 
ducting  medium  the  aforementioned  symmetry  or 
single  line  method  of  Figure  2  might  be  used  to 
monitor  in  real  time  structural  or  component  move- 
ment  or  displacement,  in  for  example  liquid  so- 
dium.  In  this  case  a  beam  of  continuous  ultrasonic 
energy  generated  by  an  ultrasonic  transducer 
probe  could  be  directed  onto  a  metallic  reflector. 
Focussing  or  collimation  could  be  achieved  by  a 
suitably  shaped  probe  or  reflector.  Though  benefits 
would  result  from  energy  concentration  as  a  'spot' 
on  the  target  it  is  not  essential  in  the  symmetry 
method  of  Figure  2  to  produce  a  small  'spot'  so 
long  as  the  beam  has  a  significant  central  axis 
maximum. 

The  target  may  consist  of  some  natural  feature 
on  the  structure  or  component,  eg  a  sharp  edge  or 
some  discontinuity  which  will  scatter  incident  ultra- 
sonic  energy  preferentially  over  its  surrounds.  Al- 
ternatively  a  target  could  be  imposed  on  the  struc- 
ture  in  the  form  of,  for  example,  a  linear  projection 
with  cross-sectional  dimensions  smaller  than  the 
radiation  wavelength  which  will  cause  scattering  of 
the  incident  radiation  rather  than  geometrical  reflec- 
tions.  By  positioning  an  ultrasonic  detector  off-axis 
outside  any  geometrically  reflected  sound  field  it 
becomes  sensitive  only  to  scattered  radiation  and 
the  target  position  can  be  defined  using  the  sym- 
metry  method. 

Neutrons  can  be  focussed  using  neutron  Fres- 
nel  zone  plates,  or  collimated  using  a  neutron  ab- 
sorber  with  a  suitable  aperture  as  shown  in  Figures 
18  and  19.  In  Figure  18,  a  boron  shielding  block 
110  has  an  aperture  112  through  which  incident 
neutron  radiation  114  is  collimated.  Sideways  dis- 
placement  of  the  shielding  block  1  1  0  as  shown  by 
arrow  x  causes  a  uniform  neutron  beam  1  1  6  to  be 
swept  across  lines  118  (shown  exaggerated  for 
clarity)  of  a  material  that  will  interact  with  incident 
neutrons  in  a  different  way  from  that  of  a  base 
surround  119,  such  that  the  detected  resultant  radi- 
ation  will  be  characteristic  of  the  lines  1  18.  It  will 
for  example  cause  enhanced  neutron  scattering  if 
composed  of  low  atomic  number  nuclei.  Alter- 
natively,  target  materials  yielding  high  X-ray  pro- 
duction  from  neutron  interation  could  possibly  be 
used,  the  detected  scattered  energy  pulses  result- 
ing  from  beam  scanning  across  the  lines  118  being 
analysed  in  a  similar  manner  to  that  described  in 
relation  to  Figure  1  . 

25 
Claims 

1.  A  method  of  monitoring  the  position  of  at 
least  one  target  (12,  12a,  118)  characterised  by 

30  repeatedly  scanning  a  beam  of  radiation  across  the 
*target  (12,  12a,  118),  receiving  reflected  radiation 
from  the  target  (12,  12a,  118),  and  analysing  the 
reflected  radiation  to  determine  any  change  in  posi- 
tion  of  the  target  (12,  12a,  118). 

35  2.  A  method  as  claimed  in  Claim  1  ,  wherein  the 
beam  is  scanned  at  a  predetermined  frequency 
relative  to  a  datum  axis  such  that  the  scanned 
beam  traverses  a  target  (12,  118)  on  said  body 
twice  per  cycle  of  scan  and  produces  correspond- 

40  ing  pulses  of  reflected  radiation  therefrom,  and 
receiving  the  time-separated  pulses  at  a  detector 
means  (26),  adjusting  the  datum  axis,  if  necessary, 
to  render  the  received  pulses  substantially  sym- 
metrical  in  time,  recording  the  adjusted  position  of 

45  the  datum  axis  associated  with  the  target  (12,  11  8), 
subsequently  repeating  the  scan  of  said  target  (1  2, 
118)  with  the  scanning  datum  axis  in  said  adjusted 
position  and  detecting  any  loss  of  symmetry  of  the 
pulses  received  by  the  detector  means  (26). 

so  3.  A  method  as  claimed  in  Claim  1  or  Claim  2, 
wherein  a  plurality  of  targets  (12,  118)  are  distrib- 
uted  in  parallel  relationship  over  a  surface  of  inter- 
est,  and  the  targets  (12,  118)  are  initially  scanned 
individually  to  derive  an  adjusted  scanning  datum 

55  axis  for  each  target  (12,  118),  each  adjusted  datum 
axis  position  being  recorded,  and  subsequently 
each  target  (12,  118)  being  scanned  periodically 
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16.  Apparatus  for  monitoring  the  position  of  at 
least  one  target  (12,  12a,  118)  characterised  by 
means  (26)  for  directing  a  beam  of  radiation  to- 
wards  at  least  one  target  (12,  12a,  118),  means  (18, 

5  20,  40,  60)  for  repeatedly  scanning  the  beam 
across  the  target  (12,  12a,  118),  means  (26)  for 
detecting  reflected  radiation  from  the  target  (12, 
12a,  118),  and  means  (28)  for  analysing  the  re- 
flected  radiation  to  determine  any  change  in  posi- 

10  tion  of  the  target  (1  2,  1  2a,  118). 
17.  Apparatus  as  claimed  in  Claim  16,  wherein 

the  the  scanning  means  comprises  an  oscillatory 
reflector  (18)  arranged  to  be  driven  by  a  drive  input 
(20)  having  a  generally  symmetrical  wave  form  of 

75  predetermined  frequency,  whereby  the  mean  posi- 
tion  of  oscillation  of  the  reflector  (18)  defines  the 
datum  axis  of  the  beam  scan  and  adjustment  of  the 
position  of  the  datum  axis  is  effected  by  appro- 
priate  adjustment  of  the  reflector  (1  8). 

20  18.  Apparatus  as  claimed  in  Claim  16,  wherein 
the  scanning  means  comprises  a  plurality  of  reflec- 
tors  disposed  around  a  carrier  arranged  to  rotate  in 
a  controlled  manner. 

19.  An  apparatus  as  claimed  in  any  one  of 
25  Claims  15  to  18,  wherein  the  beam  of  radiation 

comprises,  light,  neutrons,  or  x-rays,  or  ultrasound. 
20.  Apparatus  as  claimed  in  Claim  16,  wherein 

means  (16,  18,  20,  40,  60)  are  provided  for  direct- 
ing  a  beam  of  radiation  towards  a  body  (10,  119)  to 

30  be  monitored  and  scanning  the  beam  at  a  pre- 
determined  frequency  across  a  target  (12,  118)  on 
the  body  (10,  119),  detector  means  (26)  for  receiv- 
ing  reflected  pulses  of  radiation  from  the  target  (12, 
118)  whereby  the  detector  means  (26)  receives  two 

35  time-separated  reflected  pulses  from  the  target  (12, 
118)  per  cycle  of  scan,  means  (20)  responsive  to 
the  detector  means  (26)  for  adjusting  the  mean 
position  of  scanning  until  the  received  reflected 
pulses  are  substantially  equispaced  with  respect  to 

40  time,  means  (34)  for  recording  the  adjusted  mean 
position  associated  with  the  target  (12,  118)  where- 
by  the  mean  position  necessary,  in  a  subsequent 
scan  of  the  target  (12,  118),  to  attain  the  equispac- 
ed  relation  of  the  received  pulses  can  be  compared 

45  with  the  recorded  mean  position  to  detect  any 
displacement  of  the  target  (12,  118). 

21.  Apparatus  as  claimed  in  Claim  20,  wherein 
the  adjusting  means  is  frequency  selective  and  is 
responsive  to  the  component  of  the  detector  means 

so  (26)  output  having  a  frequency  content  correspond- 
ing  to  said  pre-determined  scanning  frequency. 

22.  Apparatus  as  claimed  in  Claims  21,  wherein 
the  adjusting  means  includes  a  narrow  bandpass 
filter  tuned  to  said  pre-determined  frequency  and 

55  coupled  to  receive  the  output  of  the  detector 
means  (26). 

with  the  scanning  datum  axis  in  the  adjusted  posi- 
tion  initially  derived  for  the  respective  target  (12, 
118). 

4.  A  method  as  claimed  Claim  2,  wherein  sym- 
metry  detection  is  implemented  by  a  frequency 
analysis  of  the  output  of  the  detector  means  (26), 
the  datum  axis  of  the  scanned  beam  being  ad- 
justed  to  determine  the  position  of  adjustment  at 
which  the  output  of  the  detector  means  (26)  is  a 
minimum  over  a  narrow  frequency  band  containing 
the  frequency  of  scanning. 

5.  A  method  as  claimed  in  any  one  of  Claims  1 
to  4,  wherein  the  scan  defines  an  orbital  path. 

6.  A  method  as  claimed  in  Claim  5,  wherein  the 
orbital  path  comprises  a  circular  path. 

7.  A  method  as  claimed  in  Claim  1  ,  or  Claim  5, 
or  Claim  6,  wherein  two  or  more  targets  are 
scanned  to  produce  corresponding  pulses  in  the 
reflected  radiation,  and  the  time  delay  between 
said  pulses  is  analysed  to  determine  any  change  in 
position  of  any  of  the  targets. 

8.  A  method  as  claimed  in  any  one  of  Claims 
5,  6  or  7,  wherein  a  plurality  of  targets  are  provided 
by  at  least  two  lines  in  mutually  perpendicular 
relationship. 

9.  A  method  as  claimed  in  any  one  of  claims  5 
to  8,  wherein  a  plurality  of  targets  are  provided  by 
at  least  two  lines  in  parallel  relationship. 

10.  A  method  as  claimed  in  any  one  of  Claims 
1  to  9,  wherein  asymmetry  is  detected  by  pulse 
timing  analysis  of  the  pulses  produced  as  the 
beam  crosses  at  least  one  target  (12,  11  8). 

1  1  .  A  method  as  claimed  in  Claim  1  or  Claim  5 
or  Claim  6,  wherein  two  targets  (12a)  are  scanned 
but  such  that  the  path  of  the  scan  does  not  com- 
pletely  traverse  each  said  target  (12a),  whereby 
changes  in  position  of  the  targets  relative  to  each 
other  result  in  changes  in  reflected  radiation  pulses 
from  at  least  one  of  the  targets  (12a). 

12.  A  method  as  claimed  in  Claim  11,  including 
comparing  the  amplitudes  of  neighbouring  reflected 
radiation  pulse  energies  to  derive  the  degree  of 
asymmetry  of  the  targets  (12a)  from  the  initial 
position  of  the  targets  (1  2a). 

13.  A  method  as  claimed  in  Claim  11,  or  Claim 
12,  including  subsequently  adjusting  the  datum 
central  position  of  the  scan  until  the  same  reflected 
radiation  is  received  from  each  said  target  (12a)  to 
derive  the  change  in  position  of  the  targets  (12a). 

1  4.  A  method  as  claimed  in  any  one  of  the 
preceding  Claims,  wherein  the  beam  of  radiation 
comprises  light  from  a  laser  source  (16,  80,  90). 

15.  A  method  as  claimed  in  Claim  14,  wherein 
the  light  beam  is  split  with  one  portion  thereof 
being  scanned  across  the  target  (85,  95)  and  the 
other  portion  thereof  being  directed  towards  and 
scanning  another  target  (84,97). 
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23.  Apparatus  as  claimed  in  any  one  of  Claims 
20  to  22,  wherein  the  scanning  means  (18,  20) 
comprises  a  reflector  (18),  and  includes  means  (20) 
for  oscillating  the  reflector  (18)  in  a  controlled  man- 
ner.  5 

24.  Apparatus  as  claimed  in  any  one  of  Claims 
20  to  22,  wherein  the  scanning  means  comprises  at 
least  two  reflectors  (M1,  M2)  disposed  on  a  rotat- 
able  carrier,  and  includes  means  for  rotating  the 
carrier  in  a  controlled  manner  so  as  to  scan  the  w 
beam  of  radiation  in  an  orbital  path. 

25.  Apparatus  as  claimed  in  claim  23,  or  24, 
wherein  the  reflectors  are  in  orthogonal  relationship 
and  the  reflectors  are  adapted  to  be  driven  with 
different  drive  amplitudes  so  as  to  describe  an  ?s 
elliptical  scan. 

26.  Apparatus  as  claimed  in  any  one  of  Claims 
23  to  25,  wherein  the  scanning  means  (18,  20)  is 
displaceable  so  as  to  change  the  datum  central 
position  of  the  scan.  20 

27.  Apparatus  as  claimed  in  any  one  of  Claims 
16  to  26,  wherein  the  beam  of  radiation  comprises 
light  from  a  laser  source  (16,  80,  90). 

28.  Apparatus  as  claimed  in  Claim  27,  includ- 
ing  means  (82,  94)  for  splitting  the  beam  of  radi-  25 
ation,  and  means  (86,  92)  for  scanning  each  said 
split  beam  across  respective  targets. 

29.  A  method  as  claimed  in  Claim  14  or  15,  or 
an  apparatus  as  claimed  in  Claim  27  or  28,  whereiri 
at  least  one  said  'target  (12,  12a)  comprises  a  30 
diffusely  reflecting  white  line  stablest  temperatures 
substantiaily  above  ambient  temperatures. 

30.  A  method  as  claimed  in  any  one  of  Claims 
1  to  13,  or  an  apparatus  as  claimed  in  any  one  of 
Claims  16  to  26,  wherein  the  beam  of  radiation  35 
comprises  light,  or  ultrasound,  or  neutron  radiation, 
or  X-rays. 

31  .  Apparatus  as  claimed  in  any  one  of  Claims 
27  to  30,  including  a  fibre  optical  device  through 
which  the  light  beam  is  arranged  to  be  passed.  40 

32.  Apparatus  as  claimed  in  Claim  31,  includ- 
ing  means  for  displacing  the  fibre  optical  device  so 
as  to  scan  the  beam. 

33.  Apparatus  as  claimed  in  Claim  31,  wherein 
the  fibre  optical  device  comprises  a  fibre  optical  45 
bundle,  and  means  are  provided  for  switching 
across  the  bundle  so  as  to  scan  the  beam. 

50 

55 

10 
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