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The f i l e s  of the  GIMRADA Field, Office contain ca l i b r a t i on  
c e r t i f i c a t e s  fo r  a l l  mi l i t a ry  cartographic cameras developed by 
the  U. S. A i r  Force. I n  t h i s  repor t ,  the  author has extracted 
per t inent  information from these c e r t i f i c a t e s  and has presented 
t h i s  information i n  a formwhich should be of a considerable value 
t o  personnel i n  map and char t  production. 

M r .  Robert Spriggs, who authored the  repor t ,  and Mrs. J e r r i  
Amos, who performed the  typing, deserve much c r ed i t  f o r  the  work 
involved i n  the  extract ion of data  and i n  the  preparation of the 
report .  

This technical  note is one of a s e r i e s  published i n t e rna l l y  
by GIMRADA Fie ld  Office and disseminated t o  support mi l i t a ry  mapping 
development by the  Department of Defense. 

ROBERT G. LIVINGSTON 
Chief, GIMRADA Fie ld  Office 
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THE CALIBRATION OF MILITARY CARTOGRAPHIC CAMERAS 

Int roduct ion:  

The accuracy of pho togramet r i c  mapping methods depends i n  p a r t  
on the  q u a l i t y  of the  camera used. For t h i s  reason photography in-  
tended f o r  photogrammetric mapping must be taken wi th  a camera designed 
f o r  t h i s  purpose. 

11. Mapping Camera Charac te r i s t i c s :  

The mapping camera must, (1) have a lens  designed wi th  d e f i n i t e  
d i s t o r t i o n  c h a r a c t e r i s t i c s  and, (2) be a r i g i d  niechanical s t r u c t u r e  
which holds the  l ens ,  f i d u c i a l  marks and foca l  plane i n  a  f ixed o r i en t -  
a t i o n  s o  t h a t  dimensional i n t e g r i t y  w i l l  be maintained. A t y p i c a l  
mapping camera ( t h e  Type KC-1) i s  shown i n  Figures 1 and 2 .  

111. Camera Ca l ib ra t ion  Requirements: 

Cameras a r e  c a l i b r a t e d  t o  determine the  p rec i se  va lue  of the  
c a l i b r a t e d  f o c a l  length,  the  magnitude of the  r a d i a l  and t angen t i a l  
d i s t o r t i o n ,  the  pos i t ion  of the  f i d u c i a l  markers and o ther  dimensions. 
The manufacturer publishes c a l i b r a t i o n  c e r t i f i c a t e s  f o r  each camera. 
Cazneras a r e  r e c a l i b r a t e d  and new c e r t i f i c a t e s  issued whenever main- 
tenance is required t h a t  w i l l  d i s t u r b  the  dimensional r e l a t i o n s h i p  of 
the  l ens ,  f i d u c i a l  markers, f o c a l  plane, e t c .  

I V .  Equivalent Focal Length, Calibrated Focal Length: 

The equivalent  f o c a l  length (En) is  the  d i s t ance  from the  r e a r  
node t o  the  foca l  plane. It is computed by measuring the  s c a l e  of 
t h e  image produced by the  lens  a t  o r  near the  axis .  

The c a l i b r a t e d  f o c a l  length (CFL) is the  numerical value used 
t o  determine the  s c a l e  of the  photograph. It i s  computed from the  EFL 
t o  obta in  minimum d i s t o r t i o n  o r  t o  match the  lens d i s t o r t i o n  t o  a  
predetermined curve. An increase  i n  the  value of the  CFL w i l l  make 
the  d i s t o r t i o n  more negative.  For a  d i s t o r t i o n - f r e e  lens  the  CFL is  
equal t o  the  EFL. 



Fig. 1 The Type KC-1 Mapping Camera 

Fig. 2 KC-I. Camera with Film Magazine Removed 



V. Dis tor t ion:  

Dis to r t ion  i n  a lens r e s u l t s  i n  a change i n  s c a l e  over the  
p i c t u r e  area. Dis to r t ion  genera l ly  is  expressed i n  polar coordinates 
as  r a d i a l  o r  t angen t i a l  d i s to r t ion .  

A. Radial d i s t o r t i o n ;  o f t en  re fe r red  t o  as  l ld i s to r t ion , l l  i s  
made up of two components, symmetrical and asymmetrical. Symmetrical 
d i s t o r t i o n  is a c h a r a c t e r i s t i c  of the  lens design; i t s  e f f e c t  can 
be minimized by correc tor  p l a t e s  when the  negatives a r e  printed nr 
by using cams on the  s t e reop lo t t e r .  Asymmetrical d i s t o r t i o n  (often 
c l a s s i f i e d  as  prism e f f e c t )  i s  a property of lens manufacture induced 
by t h e  decentering of one o r  more of the  lens elements, by i r regu la r -  
i t i e s  i n  t h e  surfaces of the  lens elements, and by t ipping of the  
foca l  plane with respect  t o  t h e  lens axis .  

B. Tangential d i s t o r t i o n  is a function of 'lens manufacture and 
is  caused by the  prism e f f e c t .  The ax i s  of maximum tangen t ia l  d i s -  
t o r t i o n  usual ly  w i l l  be 90° from the  axis  of maximum asymmetrical 
r a d i a l  d i s t o r t i o n .  

V I .  Camera Cal ibra t ion Methods and Equipment: 

Cameras a r e  ca l ib ra ted  by e i t h e r  of two methods - photographic 
o r  v i sua l .  

A. The photographic method is  the  most des i red  and can be ac- 
complished on a f i e l d  range or  by use of a  mult icoll imator bank. 

1. The F ie ld  Range Dis to r t ion  Cal ibra tor  (See f igure  3) 
is  constructed by s e t t i n g  up t a r g e t s  i n  the  object  space i n  a plane 
perpendicular t o  the  o p t i c a l  ax i s  of the  lens.  The t a r g e t s  a r e  placed 
a t  se lec ted  angles across the  e n t i r e  f i e l d  of the lens and the  angles 
a r e  determined wi th in  2 seconds of arc.  The camera is mounted with 
the  f r o n t  nodal point  placed over the  ve r tex  of the  range with t h e  
center  t a r g e t  on the  ax i s  of the  lens.  

2. The Multi-Collimator Bank Dis to r t ion  Cal ibra tor  (See 
f igure  4 )  i s  s imi la r  i n  p r inc ip le  t o  the  f i e l d  range except t h a t  
c o l l i n a t o r s  a r e  used t o  image the  t a r g e t s  a t  i n f i n i t y .  The c o l l i -  
mators can be positioned t o  image the  t a r g e t s  of both diagonals on 
one exposure. 

3.  Exposures a r e  made on t e s t  p la tes  with the  image of 
t h e  t a r g e t s  al igned with each diagonal of t h e  camera format. The 
t e s t  p l a t e  is processed and the  d is tance  between the  a x i a l  t a r g e t  



Fig. 3 Field Camera Calibration Range at Wright-Patterson AFB, Ohio. 



Fig. 4 Multi-Collimator Bank Di s to r t i on  Cal ibra tor  (Perkin-Elmer) 
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image and the  t a r g e t  image a t  each angle is measured with a comparator. 
Radial d i s t o r t i o n  is  t h e  d i f ference  between t h e  computed d i s t ance  and 
t h e  measured d i s t ance  t o  each t a r g e t  image. The point  of symmetry is 
determined by making t h e  d i s t o r t i o n  t o  the  l e f t  ind r i g h t  of t h e  ax i s  
symnetrical.  The ca l ib ra ted  foca l  length is  computed and the  d i s t o r t i o n  
i s  adjusted t o  the  ca l ib ra ted  focal  length. 
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4. The t angen t ia l  d i s t o r t i o n  i s  measured f o r  each diagonal 
on t h e  t e s t  p la te .  

B. Visual methods may lead t o  d i s t o r t i o n s  which a r e  d i f f e r e n t  
i n  magnitude than the  d i s t o r t i o n s  recorded photographically because 
of l a t e r a l  chromatic a b e r r a t i o n i n  the  camera lens. The proper l i g h t  
source and/or f i l t e r s  should be se lec ted  s o  t h a t  the  s p e c t r a l  s e n s i t -  
i v i t y  of the  eye is matched t o  t h a t  of photographic films. 

1. Goniometer method: An accura te ly  ca l ib ra ted  t e s t  objec t  
on g lass  is placed i n  the  foca l  plane and illuminated i n  a d i r e c t i o n  
toward the  lens. The camera is s e t  on the  goniometer (See Figure 5) 
s o  t h a t  t h e  ax i s  about which t h e  angles a r e  measured passes through 
t h e  center  of t h e  entrance pupil  of the  lens. The telescope of the  
goniometer is pointed a t  successive points  on the t e s t  objec t  and the  
f i e l d  angles determined. From the  foca l  length of the  lens being 
t e s t e d  and the  c a l i b r a t i o n  of the  t e s t  ob jec t ,  the  angles subtended 
by the  various points  on t h e  t e s t  objec t  can be computed. The d i s -  
t o r t i o n  is  computed from the  d i f ference  i n  angles on the  object  s i d e  
and image s i d e  of the  lens and converted t o  the  standard form. 

C. Some work has been done an s t e l l a r  c a l i b r a t i o n  of b a l l i s t i c  
cameras. The s t a r  f i e l d  is photographed on a g lass  p l a t e  i n  the  
f o c a l  plane of t h e  camera. The pos i t ion  of each s t a r  i s  measured 
i n  x-y coordinates.  The t r u e  locat ion of t h e  s t a r s  a r e  obtained 
from s t a r  t ab les .  The r a d i a l  and t angen t ia l  d i s t o r t i o n  a t  each s t a r  
image is determined. The ca l ib ra ted  foca l  length is computed. It 
has been suggested t h a t  t h e  s t e l l a r  method of camera c a l i b r a t i o n  be 
adopted f o r  a i r c r a f t  mapping cameras. 

V I I .  Resolution: 

The resolving power of a camera lens is  i ts  a b i l i t y  t o  image 
c lose ly  spaced objects  s o  t h a t  they a r e  recognizable a s  individual  
objects .  The resolving power, c a l l e d  reso lu t ion ,  is  measured by 
photographing a t e s t  t a r g e t  made up of groups of p a r a l l e l  s t r a i g h t  
l i n e s  and spaces of equal width; it is expressed i n  l i n e s  per m i l l i -  
meter. Radial r e so lu t ion  is measured with t h e  l i n e s  p a r a l l e l  t o  the  

e* - 
k .  
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radius drawn from the  center  of the  format and t angen t ia l  r e so lu t ion  
is  measured with the  l i n e s  perpendicular t o  t h e  radius.  A s i n g l e  
average value f o r  r eso lu t ion  is  determined as  the  area-weighted 
average reso lu t ion  (AWAR) by dividing the  format i n t o  concentric  
annular zones. The a r e a  of each zone lying wi th in  the  format is  
used i n  determining t h e  weighting r a t i o .  The square root  of the  pro- 
duct of t h e  r a d i a l  and t a r g e n t i a l  r e so lu t ion  is computed f o r  each + 
zone and mul t ip l ied  by t h e  zone r a t i o  t o  obta in  t h e  zone-weighted 
resolut ion.  The AWAR is  t h e  sum of the  zone-weighted resolut ions .  

VIII. Cal ibra t ion Data: 

The c a l i b r a t i o n  d a t a  f o r  the  mapping cameras, l i s t e d  i n  t h e  
appendices, was ext rac ted  from the  camera c a l i b r a t i o n  c e r t i f i c a t e s  
issued by t h e  manufacturer. Some of the  cameras have been overhauled 
and reca l ib ra ted  and the  da ta  from each c a l i b r a t i o n  c e r t i f i c a t e  is 
l i s t e d .  

The probable e r r o r s  of t h e  ca l ib ra ted  foca l  lengths are:  

T-11 0.100 mm 

CA- 14 0.100 mm 

The probable e r r o r s  of the  d i s t o r t i o n s  are:  

CA- 14 0.020 mm 
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ADDENDUM NUMBER 1 

TO 
4 ,a 

''THE CALIE?2AW'ri~R OF MILITARY CARTOGRAPHIC CAMFRAS" 

TECHNICPA NOT& 6 5 = 2  
L 

1. A.dditiona1 ca l ib ra t ion  c e r t i f i c a t e s  fo r  cartographic cameras i n  
the  USAF inventory have been received by the  GIMRADA Field Office. Soate 
of these cameras were developed fo r  research purposes; therefore, 
Appendtx G is added t o  include cameras which a re  not made in production 
quanti t ies .  Many of these cameras were developed by modifying KC-1 
cameras. 

2. The KC-6A camera is des igned and produced spec i f i ca l ly  f o r  the  
USQ-28 mapping and geodetic subsystems. Two cameras a r e  ins ta l l ed  i n  
each system. The cameras have many fea tures  tha t  were not found i n  
previous mapping cameras i n  the  A i r  Force inventory: 

a. Platen reseau, 25 points  

b. Image motion compensation 

r - - -- 
c . Vert ica l i ty  readout referenced t o  the,_-Hiper-* 11 

I n e r t i a l  R-eference Unit 

?. Synchronous operation of two cameras 

e . ~ u t a m a t  i c  Exposure Control 

r-- ----- Present plans a re  for  t h e  pc~xchaee cf 10 ea. KC-6A cameras , anG4 ea. KC-6A 
magazines, ':he-camera was designed fo r  .- t he  USQ-28 system i n  the  RC-135A 
a i r c r a f t  and Lj.a not readi ly  ;adaptable t o  other photographic systems. 

3. Changes and additons t o  Appendices: 

a. Appendix A: 

Place (1) i n  f ron t  of T-11 cameras with s e r i a l  numbers 51-211 
and 51-212. Add the  attached data. 

+ b. Appendix B: 

Add the  attached data. 

c. Appendix D: 

Additional information on the  KC-1B camerac is attached. The 
maximum asymmetry between O0 and 425O may be added i n  tbe  unused c ~ l ~ n n n  

/ -  -- -- 



to the right of the page. The maximum radial distortion in the format 
of each camera is included for your information. 

_.. . 
;I 7. 

d .  Appendices F and G are new additions to the report. 
.' I 

R.  M. Spriggs 
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f ::: 
:?x 
A>'. . .. - 
.: CAMERA - 

APPENDIX "B" . 

DATE - 
9/25/61 Deleted from Inventory - Modified t o  

KC-3 camera. 

8/3/61 Deleted from Inventory - Modified t o  
KC-3 camera. 

3/27/63 Deleted from Inventory - Modified to  
KC-& 63-1001 ; 
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DISTOlt 'IION 6 RESOLUTION C f ~ A C T E R I S T I C S  0b' CARTOGRAPHIC Cf'JEMS IN TIIE K C - ~ ~ ~ A / U S Q - ~ S  
NAPPING SYSTEI.1 

,-- -- ,,, ,, >.---*, -,,; ,,,- 1 *,,.,.-,,,,= ---,- 1 -a-r-*--,-=7- !. - 
KC-GA Camera I Geocon IV I F i l t e r  , Flax Tanoer L i  

C 
- L 

S e r i a l  Kuml>er  ----- - ---- ( ~ e n s  NO. I N u m b e r  / ~ i s t o r t ' i o n  
7-- ' "  ----- , A ULnr'-% ----I--- - -  d -- 

64--00s 
.. - -- .. . --- T. i... - - -  

< >;ll-c' 

64 -009 body) 
-(; -- sp;11-c 

64-  010 body) 
-p---.--..--.. 

.,- .* -,.-.* .> +--* 

1 R a d i a l  
D i s t o r t i o n  - . --- 
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