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PHOTOGRAMMETRIC CALIBRATION 

OF APOLLO FILM C A M E M *  

I W. T. Borgeson and R. M. Batson 

ABSTRACT 

P i c t u r e s  taken by c a l i b r a t e d  hand-held Apollo cameras can be 
used t o  make accu ra t e  three-dimensional o p t i c a l  o r  phys i ca l  models 
of t he  lunar  sur face .  Deta i led  procedures have been developed f o r  
photogrammetric c a l i b r a t i o n  of Apollo Hasselblad cameras and the  
Lunar Geologic Exploration Camera (LGEC). The processes are s i m i -  
lar t o  those used t o  c a l i b r a t e  a e r i a l  mapping cameras. The camera, 
mounted on a s p e c i a l l y  b u i l t  c a l i b r a t i n g  instrument, takes p i c t u r e s  
on s e n s i t i z e d  g l a s s  p l a t e s .  
d a t a  requi red  f o r  computing (1) the l o c a t i o n  of t he  optimum c e n t e r  
of pe r spec t ive  of t he  camera wi th  r e spec t  t o  i t s  f i l m  p lane ,  (2) 
t he  l o c a t i o n  of the  p r i n c i p a l  po in t  on the  f i l m  p lane ,  and (3) t h e  
lens  d i s t o r t i o n  system. The o r i e n t a t i o n  and l o c a t i o n  of one ster- 
eometric camera r e l a t i v e  t o  another are determined by us ing  the  
camera system t o  take s t e reoscop ic  p i c t u r e s  of a p r e c i s e l y  d r a f t e d  
gr id .  

INTRODUCTION 

The processed p l a t e s  con ta in  a l l  the  

S tereoscopic  photographs can be  used t o  create an  accu ra t e  

I o p t i c a l  reproduction, o r  "model," of a su r face  i f  the  geometry of 

t h e  camera has been c a r e f u l l y  ca l ibra ted .  

scopic  model of the  lunar  su r face  can be s tud ied  q u a l i t a t i v e l y  and 

q u a n t i t a t i v e l y  wi th  more convenience and, from a p r a c t i c a l  stand- 

p o i n t ,  more accuracy, than can the real t e r r a i n .  

The d e t a i l s  of a s t e r e o -  

I The p ic tu re - t ak ing  process i s  a p r o j e c t i v e  o r  "perspective 

po in t "  transformation of an a r r a y  of p o i n t s  i n  three-dimensional 

o b j e c t  space i n t o  an a r r a y  of points i n  two-dimensional image 

space. 

I f  two p i c t u r e s  of the same scene are taken from d i f f e r e n t  

p o i n t s  of pe r spec t ive ,  t he  transformation can be reversed ,  and 

*Prepared f o r  the  National Aeronautics and Space Administration 

under Contract No. T65253G. 
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the  three-dimensional ob jec t  space can be r ec rea t ed  by an analog 

process  ak in  t o  t r i angu la t ion .  

A p e r f e c t  l ens  would produce a p i c t u r e  i n  which each image 

po in t  obeys the  "co l l inea t ion  pr inciple":  each image po in t ,  i t s  

conjugate  o b j e c t  po in t ,  and the center  of perspec t ive  l i e  on a 

mathematically s t r a i g h t  l i ne .  A real l ens ,  however, bends t h i s  

l i n e  s l i g h t l y ,  r e s u l t i n g  i n  a d i s t o r t e d  p i c tu re .  When a s t e reo -  

scopic  model of the  o r i g i n a l  scene is c rea t ed ,  i t s  geometric f i -  

d e l i t y  depends upon the  accuracy with which the  o r i g i n a l  ob jec t -  

space rays have been regenerated.  These rays can be regenerated 

from p i c t u r e  images i f  the following are known: (1) Or i en ta t ion  

of the camera i n  ob jec t  space a t  the t i m e  the  p i c t u r e  w a s  taken, 

(2)  l oca t ion  of the camera i n  objec t  space a t  the  t i m e  the  p ic -  

t u r e  w a s  taken,  ( 3 )  l oca t ion  of the perspec t ive  cen te r  of the 

camera with r e spec t  t o  i t s  image plane,  and ( 4 )  magnitude and 

d i r e c t i o n  of the camera lens  d i s to r t ion .  I t e m s  1 and 2 vary  wi th  

each p i c t u r e  taken. They are computed by var ious  photogrammetric 

methods, which w i l l  no t  be discussed here. I n  s i n g l e  cameras ac- 

ceptab le  f o r  photogrammetry, however, items 3 and 4 are inva r i ab le  

wi th in  each camera and can therefore  be determined through photo- 

grammetric ca l ib ra t ions .  I n  stereometric* systems, items 1 and 2 

f o r  one of the cameras are invar iab le  wi th  r e spec t  t o  the  o t h e r ,  

and can a l s o  be determined through c a l i b r a t i o n ,  The o r i e n t a t i o n  

of the s te reoscopic  model is determined by o the r  methods no t  d i s -  
cus sed here. 

Or ig ina l  plans c a l l e d  f o r  a Hasselblad camera wi th  a 38 mm 

Biogon l ens  f o r  use on the  lunar  surface on the  f i r s t  few Apollo 

landings.  The c a l i b r a t i o n  procedures were developed through tes ts  

made wi th  such a camera. 

a Hasselblad wi th  a 60 mm l ens ,  and la ter  f o r  use  of the  spec ia l -  

l y  designed "Lunar Geological Exploration Camera" (LGEC) , no major 

changes i n  c a l i b r a t i o n  procedures a r e  an t i c ipa t ed .  

Although present  plans c a l l  f o r  use of 

*S tereome tr  i c  sys tems cons is  t of two o r  more cameras r i g i d l y  
mounted t o  each o the r  with which s te reoscopic  p i c t u r e s  are taken 
s imu 1 taneous ly. 
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CALIBRATION DATA 

The following parameters m u s t  be determined by photogrammetric 

c a l i b r a t i o n :  

1. F iduc ia l  o r  reseau mark locations--These d e f i n e  the camera 

coord ina te  system, and must, therefore ,  be s o  f ixed  t o  the camera 

body as t o  be abso lu te ly  immovable with r e spec t  t o  the l e n s ,  and 

loca ted  so  t h a t  they are c l e a r l y  imaged on each p i c t u r e  taken by 

the  camera. 

2. "Principal  po in t"  l oca t ion  on the image plane with r e f -  

e rence  t o  the f i d u c i a l  marks--The p r i n c i p a l  p o i n t  i s  def ined as 

the i n t e r s e c t i o n  with the  f i l m  plane of a l i n e  perpendicular  t o  

t h a t  plane which passes  through the  perspec t ive  cen te r  of the  

camera. 

3.  Camera "p r inc ipa l  distance"--This is  the  d i s t a n c e  be- 

tween the cen te r  of perspec t ive  of the camera and the  p r i n c i p a l  

point .  

p r i n c i p a l  d i s t ance  i s  equiva len t  t o  the  "ca l ib ra t ed  f o c a l  length.  

I n  the s p e c i a l  case of a camera focused on i n f i n i t y ,  t he  

4 .  The magnitudes and d i r ec t ions  of lens  d i s to r t ions - -Rad ia l  

d i s t o r t i o n  is  the  r a d i a l  d i s t a n c e  between the  t h e o r e t i c a l ,  undis- 

t o r t e d  p o s i t i o n  and the a c t u a l  pos i t i on  of an  image point .  

kind of d i s t o r t i o n  is  present  i n  a l l  lenses  t o  a g r e a t e r  o r  lesser 

degree. It can be reduced only by increas ing  the  complexity of 

the  o p t i c a l  design. The locus of  po in ts  of equal  d i s t o r t i o n  on 

the  image plane is  c i r c u l a r  about the p r i n c i p a l  point .  I f  t h i s  

locus is  no t  c i r c u l a r ,  asymmetric r a d i a l  d i s t o r t i o n  e x i s t s .  Tan- 

g e n t i a l  d i s t o r t i o n  is  the d i f fe rence  between a t h e o r e t i c a l  and 

an a c t u a l  image loca t ion  i n  a d i r e c t i o n  on the image plane t h a t  

i s  perpendicular  t o  the l i n e  between the  p r i n c i p a l  po in t  and the 

t h e o r e t i c a l  image locat ion.  

d i s t o r t i o n  are caused by manufacturing e r r o r s  i n  assembly of the  

l ens  elements and have only second- o r  th i rd-order  e f f e c t s  on 

o v e r a l l  d i s t o r t i o n  i n  modern high-qual i ty  lenses.  

This 

Tangential  and asymmetric r a d i a l  

5. Stereometr ic  camera r e l a t i v e  or ien ta t ion- -This  includes 

determining the o r i e n t a t i o n  of one camera system wi th  r e spec t  t o  
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the  o t h e r ,  and measuring the  separa t ion  between the pe r spec t ive  

cen te r s  of the  cameras. 

The perspec t ive  c e n t e r  of a camera is a mathematical r a t h e r  

than phys ica l  property.  

proximation of a perspec t ive  project ion.  

be considered t o  be a r igorous perspec t ive  p r o j e c t i o n  wi th  r e spec t  

t o  an  assigned perspec t ive  cen te r  modified by a f i e l d  of d i sp lace-  

ments ( o p t i c a l  d i s t o r t i o n s )  i n  the p i c t u r e  plane. The d i s t o r t i o n s  

are d e f i n i t i v e  and determinate  only when the  p o s i t i o n  of the  per-  

spec t ive  c e n t e r  is  spec i f ied .  The perspec t ive  c e n t e r  i n  any 

camera can be so  def ined t h a t  d i s t o r t i o n  is zero a t  a given po in t  

i n  the  p i c tu re .  The c a l i b r a t i o n s  spec i f i ed  i n  t h i s  document are 

s u f f i c i e n t  t o  c o l l e c t  d a t a  from which the  l o c a t i o n  of the per- 

spec t ive  cen te r  of a camera can be s e l e c t e d  so  t h a t  d i s t o r t i o n  

i n  the  plane def ined by the f i d u c i a l  marks is a t  a minimum. 

For a real  l ens ,  the  image i s  an ap- 

The real p i c t u r e  can 

CALIBRATION EQUIPMENT 

A photographic procedure i s  used f o r  photogrammetric cal i -  

bra t ion .  The c a l i b r a t i o n  elements are der ived from a mathematical 

comparison of (1) the measured coordinates  of an a r r a y  of image 

po in t s  on one o r  more g l a s s  p l a t e  nega t ives ,  and ( 2 )  the  theo re t i -  

c a l  coord ina tes  which would be imaged by a p e r f e c t  camera. 

U. S. Geological Survey mult icol l imator  camera c a l i b r a t o r  ( f i g .  1) 

provides  an a r r a y  of po in t s  of su i t ab le  f o r  photography. It  w a s  

designed f o r  c a l i b r a t i n g  and checking p rec i s ion  car tographic  cam- 

eras. 

and by Fa i r ch i ld  Camera and Instrument Corp. 

The 

S i m i l a r  systems a r e  used by the  Nat ional  Bureau of Standards 

The camera c a l i b r a t o r  ( f i g s .  1 and 2) c o n s i s t s  of 41  c o l l i -  

mators,  a camera platform,  and post-mounted, au to-col l imat ing  

te lescope  wi th  movable c ross  hairs .  Each co l l imator  has a 0.6 m 

f o c a l  length  lens  with a reso lu t ion  t a r g e t  and c e n t e r  c ros s  ( f i g .  

3) se t  i n  i t s  f o c a l  plane and focused a t  i n f i n i t y .  

are arranged i n  four  minor banks of t h ree  co l l ima to r s  each, fou r  

major banks (semidiagonals) of seven each,and one c e n t r a l  c o l l i -  

mator, the  axis of which de f ines  the system axis .  Figure 2 shows 

The co l l ima to r s  

4 



F i g u r e  1. --The U. S. Geo log ica l  Survey m u l t i c o l l i m a t o r  (Topographic  

Div., McLean, V a . ) .  
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Figure 3. - - Indiv idua l  col l imator  t a r g e t  image. 
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Figure  4.--The a r r a y  of co l l imator  t a r g e t s  which are imaged by a 

wide-angle aerial camera. The col l imator  bank and f i d u c i a l  mark 

numbering conventions shown here are the ones used i n  c a l i b r a t i o n  

d a t a  reduct ion  programs. The conf igura t ion  shown i s  t h a t  viewed 

on the f i l m  plane from above. 

mator format t h a t  would appear on p l a t e s  taken by a Hasselblad 

wi th  a 60-mm f o c a l  length  l e n s ,  and by the wide angle  LGEC 

lenses .  

cover the same f i e l d  as a conventional aerial camera. 

The dashed l i n e s  show the  c o l l i -  

The Hasselblad with the 38-mm f o c a l  length  l ens  would 



two major banks and the c e n t r a l  col l imator .  

mators employing mir rors  are used with a 120" f i e l d  of view camera. 

The number of co l l imator  images appearing on c a l i b r a t i o n  p l a t e s  

depends on the f i e l d  of view of the camera being ca l ib ra t ed .  

The two end c o l l i -  

The co l l imator  t a r g e t s  are imaged by a wide-angle camera as 

shown i n  f i g u r e  4. The numbers r e f e r  t o  the nominal co l l ima to r  

po in t ing  angles  with respec t  t o  the c e n t r a l  co l l imator .  

angles  d i f f e r  from the nominal values by a few seconds of arc. 

F iduc ia l  marks are numbered as shown i n  f i g u r e  4. With the camera 

hand held and pointed ho r i zon ta l ly ,  f i d u c i a l  mark 1 is a t  the  r i g h t ,  

and 2 is  a t  the top. S imi la r  numbering conventions are used f o r  

reseau  gr ids .  

The a c t u a l  

Spec ia l  equipment must be used with the  s tandard equipment 

d iscussed  above t o  accommodate Apollo cameras. The Hasselblad and 

the Lunar Geological Explorat ion Camera (LGEC) are smaller and are 

configured d i f f e r e n t l y  than aer ia l  cameras, s o  a s p e c i a l  mount 

must be used t o  hold the camera r i g i d l y  i n  p o s i t i o n  on the camera 

platform. Such a mount was b u i l t  and t e s t e d  with an  Apollo Hassel- 

blad with a 38-mm Biogon lens, which w a s  t o  have been used on the  

f i r s t  few landings,  t o  a l low manipulation of a l l  c o n t r o l s  while  

the  camera is  i n  the mount. It i s  fas tened t o  a heavy mounting 

r i n g  which can be ro t a t ed  about a v e r t i c a l  ax is .  

A d i f f e r e n t  mount must be used t o  accommodate the LGEC, which 

is  r e a l l y  three  cameras r i g i d l y  mounted t o  each o t h e r ,  each of 

which must be c a l i b r a t e d  separately.  The two wide-angle s t e reo -  

metric cameras are c a l i b r a t e d  on the camera c a l i b r a t o r ,  necess i -  

t a t i n g  des ign  of a mount which w i l l  hold the LGEC f i rmly  on the 

camera platform with e i t h e r  of the wide-angle lenses  i n  p lace  over 

the  co l l imator  array.  The t h i r d  lens of the LGEC i s  a narrow- 

angle  l ens ,  the i n t e r n a l  geometry of which i s  c a l i b r a t e d  by mathe- 

ma t i ca l  comparison of images i n  a n a t u r a l  scene appearing both on 

the  te lephoto  p i c t u r e s  and on the previously c a l i b r a t e d  s t e reo -  

metric p ic tures .  Thus, no special equipment o r  procedures are 

necessary f o r  c a l i b r a t i n g  the te lephoto camera. 
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The Hasselblad magazine blocks the view of the  f o c a l  plane 

when the  camera is on the c a l i b r a t o r ;  thus ,  camera and magazine 

must be c a l i b r a t e d  as a un i t .  A spec ia l  au to-col l imat ing  system 

was devised f o r  t h i s  purpose. It cons i s t s  of a carrier which is 

clamped f i rmly  t o  the  lower s t a g e  of t he  c a l i b r a t o r  and has open- 

ings t o  a l low a moderate amount of adjustment of t he  upper s t age  

ca r ry ing  the  camera and a broken-axis au to-col l imator  t o  mount on 

the  carrier ( f i g .  5 ) .  One end of the  auto-col l imator  holds a prism 

which d e f l e c t s  the s i g h t  l i n e  downward; a t  the o t h e r  end is  an im- 

provised Gauss eyepiece cons i s t ing  of a 60X microscope with a 

pol i shed  metal i l lumina t ing  mir ror ,  a small 3 v o l t  l i g h t  bulb,  and 

a machined holder  t o  screw onto the back end of the  auto-collima- 

t o r  telescope. When the c a r r i e r  i s  clamped i n  p o s i t i o n ,  the prism 

end of the au to-col l imator  is ins ide  the  magazine of the  Hasselblad 

and looks down on the p lane-para l le l  p l a t e  on the  camera f i l m  plane. 

Unlike convent ional  mapping cameras, which are set  a t  i n f i n i t y  

focus ,  the  Apollo cameras w i l l  be used a t  several d i s c r e t e ,  de t en t -  

ed focus s e t t i n g s .  The Hasselblad can be c a l i b r a t e d  a t  the  in- 

f i n i t y  focus s e t t i n g ,  and then the  change i n  lens-to-image plane 

d i s t a n c e  i n  switching from an  i n f i n i t y  s e t t i n g  t o  a f i n i t e  d i s -  

tance s e t t i n g  can be measured. The p r i n c i p a l  d i s t a n c e  f o r  i n f i n -  

i t e  focus s e t t i n g s  would be determined by adding the  measured 

changes t o  the  photographical ly  determined c a l i b r a t e d  f o c a l  length.  

It i s  un l ike ly ,  however, t h a t  these p r i n c i p a l  d i s t ance  values  w i l l  

be c o n s i s t e n t  wi th  optimum r a d i a l  d i s t o r t i o n  curves. 

even though the  t a r g e t s  are not sharply imaged, a set of c a l i b r a -  

t i o n  p l a t e s  i s  made f o r  each focus s e t t i n g .  Poor image q u a l i t y  

caused by inco r rec t  focus s e t t i n g s  does no t  m a t e r i a l l y  a f f e c t  the  

accuracy with which the  c a l i b r a t i o n  p l a t e s  can be measured. It 

i s  n e a r l y  as easy t o  f ind  the  i n t e r s e c t i o n  of the  arms of a b lu r red  

c r o s s  as a sharp one. I n  any case,  any problem of t h i s  s o r t  t h a t  

may arise can be a l l e v i a t e d  by using small a p e r t u r e  s e t t i n g s  and 

long exposures t o  increase  the depth of f i e l d  of the camera. 

Therefore ,  
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DETAILED CALIBRATION PROCEDURES 

1. Determination of optimum p la t e  exposure--Determination of 

p l a t e  exposure va lues  f o r  optimum image c l a r i t y  i s  done with en- 

g ineer ing  model cameras t o  avoid unnecessary handl ing of the  f l i g h t  

cameras. Ind iv idua l  transformer s e t t i n g s  on the  co l l ima to r s ,  and 

optimum i r i s  s e t t i n g s  and exposure times, are determined by ex- 
per imentat ion with s e n s i t i z e d  p la tes .  Any s p e c i a l  i l l umina t ion  

requirements,  such as a u x i l i a r y  l i gh t ing  of f i d u c i a l  marks o r  re- 

seau marks, are determined during t h i s  phase. 

2. Auto-collimating te lescope al inement--If  the f i l m  plane 

on the  camera t o  be c a l i b r a t e d  is  access ib l e ,  the  c ros s  h a i r s  of 

the broken-axis au to-col l imat ing  telescope ( f i g .  1) are brought 

i n t o  alinement with the t a r g e t  cross h a i r s  of the  c e n t r a l  c o l l i -  

mator. 

I n  the  case of the Hasselblad,  the  s p e c i a l  au to-col l imat ing  

device  descr ibed  previous ly  ( f i g .  5) must be used. The carrier 

i s  clamped i n  p l ace  on the lower s tage ,  the  au to-col l imator  is  

pos i t ioned  on the  carrier, the power t o  the l i g h t  bulb is turned 

on, and the  footscrews are manipulated t o  c e n t e r  the c ros s  h a i r s  

on the  c e n t e r  co l l imator  c ross .  The f r i c t i o n  screws are then 

t ightened.  I f  necessary,  the  p r i sm holder  may be r o t a t e d  by 

loosening one and t i gh ten ing  the other  of two small hex-drive s e t  

screws near  the f r o n t  end of the  prism-holder housing. 

3 .  Camera alinement--If  the  f i l m  plane on the  camera t o  be 

c a l i b r a t e d  is access ib l e ,  as is the case wi th  the  LGEC, the  camera, 

without  i t s  magazine, i s  placed on i t s  mount. The f i l m  plane of 

the Hasselblad,  on the o the r  hand, i s  i n s i d e  the magazine. This 

camera must t he re fo re  be placed on i t s  mount with a magazine i n  

p l a c e ,  bu t  with the  f i l m  t ranspor t  removed. 

The i r is  is  set a t  the va lue  determined dur ing  optimum p l a t e  

exposure c a l i b r a t i o n ,  the  focus s e t  a t  i n f i n i t y ,  and the  s h u t t e r  

e i t h e r  removed o r  se t  on "bulb." The camera,on i t s  mount, is  then 

bo l t ed  t o  the  heavy mounting d i sk ,  and the  e n t i r e  assembly is  
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I 

F i g u r e  6.--Alining a n  aer ia l  camera on t h e  c a l i b r a t o r .  The hand 

screws on e i t h e r  s i d e  of t h e  camera p l a t f o r m  are used f o r  o r i e n t a -  

t i o n .  

are o r i e n t e d  on t h e  c a l i b r a t o r  i n  a similar manner. 

Apo l lo  f i l m  cameras are mounted i n  s p e c i a l  mounts, b u t  
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s l ipped  i n t o  p l ace  on t h e  c a l i b r a t o r ,  t ak ing  care n o t  t o  d i s t u r b  

the  prev ious ly  ad jus t ed  auto-collimator.  

A s i l v e r e d  p l ane -pa ra l l e l  g l a s s  p l a t e ,  wi th  mir ror  su r face  

up, i s  placed on the  f i l m  plane. Again, cau t ion  must be  used t o  

avoid d i s t u r b i n g  the  auto-collimator.  The th ree  camera s t a g e  

footscrews are then manipulated, while observing t h e  i l lumina ted  

au to-col l imator  reticle by means of the eyepiece microscope, u n t i l  

au to-col l imat ion  is achieved ( f i g .  6). 

4. P l a t e  exposure--The camera s h u t t e r  i s  c losed ,  o r  a cap- 

ping s h u t t e r  is put  i n  p lace ,  and t h e  room l i g h t s  are turned o f f .  

The p lane  p a r a l l e l  p l a t e  i s  removed from the  f i l m  p lane  and re- 

placed by a s e n s i t i z e d  g l a s s  p l a t e .  The p l a t e  i s  exposed, e i t h e r  

by ope ra t ing  the  camera s h u t t e r  o r  by removing the  capping s h u t t e r ,  

according t o  the  optimum p l a t e  exposure determined i n  s t e p  1. 

The p l a t e  is then removed from the  f i l m  p lane  and processed 

by s tandard  photographic techniques. 

5. Data Reduction--The x-y coordinates of t h e  co l l ima to r  

images and the  images of reseau  o r  f i d u c i a l  marks on the  photo- 

graphic  p l a t e s  are measured wi th  a p rec i s ion  comparator wi th  a 1 

micron least count. Data are punched on cards  and computer pro- 

cessed t o  determine p r i n c i p a l  d i s t ance ,  p r i n c i p a l  p o i n t ,  and d i s -  

t o r t i o n  parameters. The d e t a i l s  of t he  d a t a  reduct ion  are beyond 

the  scope of t h i s  repor t .  

Glass p l a t e s  acquired through the  above procedure con ta in  a l l  

t he  d a t a  needed f o r  computing the  required i n t e r n a l  photogrammetric 

c a l i b r a t i o n  parameters f o r  a given focus s e t t i n g .  The e n t i r e  pro- 

cedure must be repeated f o r  each focus s t e p  t o  be used. Small 

sys temat ic  e r r o r s  are s t a t i s t i c a l l y  reduced by r epea t ing  the  cal i -  

b r a t i o n  a f t e r  r o t a t i n g  the  camera around i t s  o p t i c a l  axis approxi- 

mately 45". This i s  done e i g h t  times, r e s u l t i n g  i n  t h e  c o l l e c t i o n  

of e i g h t  c a l i b r a t i o n  plates f o r  each focus s e t t i n g  wi th  the  image 

of the  co l l ima to r  a r r a y  i n  e i g h t  d i f f e r e n t  o r i e n t a t i o n s  wi th  re- 

s p e c t  t o  the  reseau o r  f i d u c i a l  mark 'pa t t e rn  on the  camera. 
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6 .  Relative Or ien ta t ion  of Stereometr ic  Cameras--The camera 

system is mounted f i rmly  with i t s  o p t i c a l  axes roughly perpendicu- 

lar t o  a p r e c i s e l y  drawn rec tangular  g r i d ,  and approximately 1.5 

meters from the gr id .  The g r id  i t s e l f  i s  1.1 rn wide and 1.6 m 

long, wi th  ru l ings  every 0 .1  m. The camera ape r tu re  i s  set  a t  

f/22, the  focus on i t s  nea r - f i e ld  s e t t i n g ,  and g l a s s  p l a t e s  are 

exposed simultaneously on each camera. 

t a t e d  45" and another  se t  of p l a t e s  is exposed. The process  i s  

repeated u n t i l  e i g h t  sets of p l a t e s  have been made. 

The camera system is ro- 

The process is repeated f o r  each a v a i l a b l e  focus s e t t i n g .  

This procedure i s  designed s p e c i f i c a l l y  f o r  the X E C .  

The relative o r i e n t a t i o n  of other s t e reomet r i c  cameras is 

c a l i b r a t e d  by the  same procedure,  but d i f f e r e n t  numerical  values  

are used depending on the camera system. 
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