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Those features are emphasized that are
especially important for rigorously evaluating

analytic methods and systems.
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I",TIWDl'CTIOX

E ARLY IN 1961 eA'orts were initiated by thc
U. S. Army Engincer Gcodcsy Intclli­

gcncc and 2\1 apping Rcsearch and DC\'clop­
ment :\gency (US:\EClj\[R:-\D:\) to detcr­
minc "'hat impro\'emcnts could bc made to
thc standard I,-C-l aerial mapping camcra in
ordcr that it could bctter scn'e thc requirc-

mCll ts of n umcrical photogrammct,-y and
specifically control cxtcnsion by analytical
mcans. '1'\1"0 immediatc limitations werc
notcd. First, thc camcra calibraLion reports
did not includc adequatc informaLion so that
calihraLion data could bc rigorously applicd
in Lhc corrcction of photograph coordinatc
data. Sccondly it dcfinitc nced exisLcd [or in-

* Presen ted at the Annua I Convention of the r\ llleriCI 11 Society of Photogranlllletry, \ \'ashi ngton,
D. c., March 1965.
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\'cstigation and imprO\'emcnt in such areas
as: lens resol u tion; lens distortion; fiducial
design, configuration. and placcment; platcn
seating: camera environment; and data re­
corded on each cxposure. j\lso, recognizing
this need, thc r'\ir Force O\'er the past few
years has com pleted an am bi tious program of
updating the [(C- T aerial camera. This \\'ork
has been pre\iously well documentcd, so it
should sufficc to say it included: (a) re\\'orking
the J'lanigon lens to reduce radial distortion
to 10 microns or lcss; (I» supplying more de­
tailed calibration data better suited to modern
photogrammctric needs; and (c) resurfacing
the platen to achie\'e a plane surface O\'er thc
9- I)y 9-inch format area \\'ithin 0,00020 inch
(5 microns), HO\\'e\'er, the nccd for further
impro\'emen t of the mapping camera system
\\'as still apparent, cspecially in the areas of
lens resolution, image blur, and film stability.

BACKGROUND

In 1955 Dr, James Baker was commissioned
by the i\ir Force to dcsign a low-distortion,
high resolution mapping Icns, This work re­
sui ted in the de\'elopmen t of the Geocon lens
(Figure 1) \\'hich had shown in laboratory
tests significant gains in resolution and image
quality O\'er the current l\letrogon and Plani­
gon lcnses used in military mapping camcras.
Lens distortion in the new lens pro\'ed to bc
less than 10 microns, and its resolution mea­
sured 52 lines/mm, on-axis and 35 lines/mm,
,\ 'vVAR. By 1963 a Geocon I lens was incor­
porated with other impro\'ements in an aerial

lLlll'era especially designed to accommodatc
the full //5,6 speed of the lens, The ncw cx­
peri mcn tal camera was designated the KC-4
aerial camera (Figure 2), :\t about lhis time
informal discussions bct\\'Ccn personnel of thc
.-\rnly and ,\ir Force rcsulted in the recom­
mendation that the ',-C-4 camera I)e nlOdified
to include lhe requircments of the :\rmy for a
photogrammetric research camcra to be used
to determine the usefulness of thc high resolu­
tion Ceocon lens coupled \\'ith the use of a
reseau system for fdnl distortion control and
correction, This recommendation resul ted in
design specif,c;uions for a Photogrammetric

ROBERT i\. l\lATOS



980 PFlOTOGRA'MM Enne ENGINEIWfNG

Research Camera and the subsequent con­
tract for modi fication of the KC·.f aerial
camera to mect these specifications.

DESIGN DEVELOP~1EI\T

It has been known for many years through
the use of analytical triangulation tcchniques
and in othcr areas \I·hcrc precise photogram­
metric analysis is required that film distortion
presents thc largest single sourcc of non­
operator error in prccise photograph image
coordinate measuremen ts. !\dj ustmcn t for
film distortion usually accomplishcd by ad­
justing the calibrated focal length is at bcst

glass platc locatcd in thc camcra conc as a
part of the Icns system, ctched with small
dots or cross marks which are imaged on the
film at thc timc of exposure. The calibrated
marks imagcd on the film are uscd as a vcry
prccise rcfcrcnce of known position to cffect
thc corrcction for film distortion.

\\'ork in this country has also been dirccted
toward incorporation of a reseau in thc mili­
tary mapping camcra, but thc effort has been
dircctcd to\\'ard de\'elopment of the rcscau
systcm as a part of the camera platen. Somc
ach'antagc o\'cr thc conc-mountcd glass plate
rcscau is scen in this system pro\'ided thc

------ --------------

AHSTllACT: Recent del'elopments in mapping teclll/igaes, particlIlllrly I/I/([lytical
pltotogram11letric procedllres, impose more stringellt reqllirements on tlte
aCCllrac)' oj illilial pltotograpltic data thall can be achiel'ed with tIle present
design oj mllppillg cameras. Tlte.1 ir Force's.1 eronlllltiwl Systems Dil'isioll, ill
cooperation witlt tlte U. S .. Irmy Jillgineer Geodesy, IntelligeJIce a/ld Jfappillg
Research and Del'elopmellt .Igency, Itas awarded a colltmct to Faircl/ild Camem
lind fllstrllment Corpomtion to modify the experi111e11tal XC--f lIerial11lllppillg
camera to meet specifications for 11 IIniqlle pliotogrll1ll111etric researclt U/111era.
TIle characteristics, cOllfigllratioll, lllld ellgilleerillg cOllsideratiolls oj the pro­
posed IInalytical camera l:l/c!lIde tlte il/tel/ded applicatiol/ of tlte camera. as a
tool in basic lind rtpplied research operlltiolls of CS.IEG1JfR.[f).1 alld otlter
GOl'ernment agencies.

only an approximation of thc total systcma­
tic portion of the film distortion error and pro­
yides no adj ustmen t or correction for non-uni­
form or diFferential film distortion crror in
indi\'idual imagc locations. The system of
using glass plate photography \\'ould elimi­
nate, for thc most part, thc problem of cor­
recting for film distortion, leaying for final
adjustment only corrections for cmulsion
creep and othcr comparativcly small magni­
tude crrors; hO\\'e\'er, a glass platc system is
uneconomical and physically unrealistic for
most mapping projects of sizable proportions.
The alternati\'e has been de\'elopment of
stable base films which have prO\'idcd a par­
tial solution to the problem of corrccting for
film distortion.

\Yith the increasing usc of analytical tri­
angulation proccdurcs in rccent years, thc
need for still greater control of film stability
has been rccognized, and bccause of the im·
practicability of using glass platc photogra­
phy, other methods of maintaining or measur­
ing and corrccting for film dcformation have
been sought, The British Ordnance Sun'ey
early introduced the use of a reseau for prc­
cise correction of film distortion ove,· the for­
mat area. This systcm combines a calibrated

dcsircd accLlI'acics can bc obtaincd. First at­
tempts at a platen reseau resulted in the in­
vcstigation of glass fibers or lucite rods as
light pipes to carry the light and produce thc
dots. l"se of glass Fibers appeared feasible but
major fabrication problcms arc presentcd
which must still be \I'orkcd out.

On the othcr hand, the use of lucite rods for
lighting a platen reseau presented less of a
fabrication problem allCl \I'as su bseq ucn tly
incorporated in all aerial mappi ng camcra. In
this case, sC\'eral lamp housings \\,ith the lu­
cite pipcs projecting from them \\'ere uscd to

transmit the light to produce thc dots on the
film. The lucite pipes \I'ere locatcd in the
camcra magazine. This system was installed
in the KC-3 aerial camcra, but the reseau
poillts produced on thc film ha\'e hecn of
marginal quality. For thcse rcasons ncither
fi bel' optics nor luci te rods was adoptcd for
thc ne\\' camera. In their place the use of a
unique miniaturc optical projection systcm
consisting of a lam p-rcticle-Icns asscm bl y
dC\'cloped 1>\' Fairchild Camera and Instru­
ment Corporation \\'as rccommcnded. This
systcm, \\'hose primary purpose is to pro\'ide
optimum imagc quality, is shO\\'n in Figure 3.

Tn thc photogrammetric research camera
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FIG. 3. Reseal! Point Projcctor

FJDCClAL RESE.\lT S\"STE~r.

The format plate \\'ill house an array of
cight artilicially illuminated liducial dots
located "'ithin the 9- by 9-inch format area
(Figure 5). The fiduciais \\'ill be illuminatcd
by incandescen t lam ps operated through a
suitably designed lamp dri\'er to control pulse
duration and voltage le\'cls. Each fiducial dot
point, likc the reseau points. \\'ill be generated
through the miniature optical projection sys­
tem consisting of a lamp-reticle-lens assemhly
to permi t prccision adj ustmcn t of fld ucial
position and optimized image recording on

",ill be generated through the miniature opti­
cal projection system pre\'iously described to
permit optimized image recording on the
sensitized matcrial. The reseau points \I'ill bc
illuminated by indi\'idual lamps affi:\ed to
each reseau projcctor. The intcnsity of illumi­
nation o[ all points \I'ill be uniform "'ithin 10
per cent. The intensity of all lamps as a unit
",ill be \'ariablc hy operator control to obtain
poi n t dcnsi ties bet\\'een 1 and 2 on the nega­
ti\'e. The intensity o[ illumination and the
poi n t densi ty is cri tical [or latcr poin t iden ti­
fication, especially i[ automatic point locating
and measuring instrumcnts are to be used. :\
switch and indicator light will be provided so
that the platen rcscau can be switched off and
the indicator light turncd on to indicatc the
off condition of the rcseau. The registering
face of the platen will bc made flat within
±0.0019 mm. oyer thc cntire format area.
Although the reseau \\·ill be calibrated sepa­
rately from the camera system. it can be re­
lated to the in tcrior orien tation of the camera
system by translating the reseau coordinate
system into the fiducial coordinate system.

Recent lahoratory tests conductcd hy
CL\fRAD:\ ha\'c indicated that current films
used for aerial mapping, including thc rela­
ti\'ely new Estar thin base lilms. are cx­
tremely stable under ideal laboratory condi­
tions. Comparati\'e studies ha\'e resulted in
only minor nonuniform distortion errors re­
maining after linear cross interpolation be­
tween rescau in tcrsections spaced 1.0. 1.5,
2.0, and 2.5 inch, as indicated by thc root­
mean-squarc-error \'alues shown in Table 1.
From the resu Its of thesc and other labora­
tory tests, the 144-point reseau is fclt to reprc­
sent the ma:\imum number of points ncccs­
sary for rcsearching the effect of lilm distor­
tion over a 9- by 9-inch format. The field tests
of the camera \\'ill be directed toward verify­
ing the laboratory tcst resnlts and to deter­
mine the utility of various point conligura­
tions and spacing for optimum correction.
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FIG. 4. Platen Reseal! (144 Points)

+

+

+

+ + 1- + + 1-

+ + + + + +

1- + + + + +

1- + + + + +

+ + 1- + + +

+ + + + + +

1- + 1- + + +

Pill/en resellit

:\ 14-!-point reseau, conslstl1lg o[ dot and
cross rescau alternately spaced, will be incor­
porated in the platen. Thc reseau pattcrn of
12 ro\\'s of 12 pain ts each will be cen trail y
located in the format area "'ith a nominal
pitch of 20 millimeters between any 2 adja­
cent and in-line points (Figure 4), The reseau
dot poin ts \\'ill be 0.050 mm. + .020, - .000
in diamcter and circular \\'ithin 10 pcr cent
o[ the diameter. The length of the lines o[ the
reseau cross points ",ill be 1.500 mm. ± .250
and thc wid th of the lines will bc .025 mm.
+.010, - .005, The indi\'idual reseau points

+ + + + + ~

en\'isioncd, three distinct systems o[ correct­
ing [or lilm distortion are includcd [or sepa­
rate and combined testing to dctermine the
usefulness of each systcm and, whcre possible,
to determine the minimum design conligura­
tion required to maintain the required ac­
curacy of results.
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the sensitized material. Thc diametcr of the
fiducial dots will hc nominally 0.050 mill.
+.020, -.000 on the film under conditions of
proper exposure and proccssing. Thc cight
llducial rcseau marks will hc calihratcd as a
part of the intcrior orientation of the camera
systcm. Thc rectangular coordinatc system
of the liducial reseau \I·ill allo\\' ccrtain values
to bc dctcrmined concerning thc film distor­
tion of cach plate. This 8-point format reseau
systcm has a decided ach'an tagc O\'cr the
prcsen L {-poin t fiducial con figuration of ci ther
sidc or corner I'id ucials for the correction of
film distortion. i\1r. Tell'inkcl of the Coast
and Ceodetic SUfl·ey. in his studies of film
distortion at the ::\lassachuscLts Institute of
Technology in ::\Iay 1960, concludcd that in
using ninc fiducials to rcducc the distance
betll'ccn any t\I'O calibratcd marks from 9 to
4~ inchcs, thc residual crror \I·ill bc quartcred
and if the center format point is omitted, the
\'aluc II·ill lie betll'een ~ and 1.

PERII'HERAL HESEAU

:\ system of illuminated points \Iill be

FIG. 5. Fiducial Rcseau (8 Poinls)

------~/. '------_./

Fie;. 6. I'criphcral ({cocall (48 Points)

placed on the pcriphcry of the format platc.
These points II·ill bc located as close to thc
format cdge as practicable in a configuration
II·hich placcs li\·c cqually spaccd points adja­
cent bctll'cen liducial lI1arks (Figurc 6). Thc
resulting pattcrn will form a box pcriphcral
rescau about thc picture format. \I·ith point
spacing approximately cqual to the platcn
rescau spacing and wi th cach poi ntin closc
alignmcnt II·ith its opposite matching point.
:-\s in the casc of thc fiducials and platcn
rcscau, cach pcriphcral reseau dot will hc gen­
eratcd through a miniature optical projcction
system. Thc diameter of the reseau points
\\ill ha\'e a nominal \'alue of 0.050 Illm.
+.020, -.000 on thc film \1 hen propcrly cx­
posed and proccsscd. :-\s this pcripheral
reseau, likc the liducialmarkers, forms a part.
of thc inncr Icns cone, a Ilxed relationship will
exist hctll'ccn it and the princi pal poin t of
au tocoll imation. This cxact rcla tionshi p will
he determined and rccorded. The utility of
this system as a basis for film distortion cor­
rection II·ill bc dctcrmined and comparcd to
the rcsults u~ing the platcn reseau systcm and
thc eight-fiducial system. Some advantage is
seen in thc box-reseau system cspecially if
color pholOgraphy is used.

I'RORLE~IS

Somc q ucstions as to dot and cross SIZC,

density, and cOl1riguration exist. Thc design
specillcations uscd hcrc II'ere the rcsult of
combining information a\'ailable on prc\'ious
successful and unsuccessful reseau systems
and requircillents of point marking and auto­
matic point reading instruments. Thc expcri­
mental photography to be obtaincd \I·jth this
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camera I"ill form a basis for recommendations
of future reseau instrument systems.

The modillcation of the KC-4- camera as a
photogramlnetric research camera, although
representing a major step in the design of an
analytical camera. \I·ill still leal'e many ques­
tions yet to be ans\l'ered in determining an
optimum camera configuration for data col­
lection for use in analytical aerial triangula­
tion systems, i\lany authors halT recognized
the need in this area, Sel'eral years ago 11] 1',

D. \\'. C. Arthur suggested in a paper en­
titled ".-\ Camera for :\erial Triangulation"
a completely nell' camera designed speciflcally
for conducting analytical triangulation, which
he stated \I'ould be ideally suited for mapping
\'ast territories. \\'hether \I'e design com­
pletely nell' cameras or try to update present
cameras, some mechanical optical problems
II'hich limit the collection of optimllm data
\I'ill uSlially remain; therefore, it is belie\'ed
that all nell' systems must include adequate
devices for correcting the error model. The
devices used on which to base the corrections
must be designed and tested in the same crit­
ical way as the basic instrllment itself.

The unique design for the modilied KC-J
Photogrammetric Research Camera resulted
from (; 1:\1 R:\ D:\'s ill\'estigation into the
requirements for correcting some of the major
error SOlll'ces occurring in the application of
analytical aerial triangulation in field and
base plant operation. The camera \I·ill be used
to pro\'ide special test photography for
e\'aluati ng the photogram metric poten tial of
employing any or all of these modifications
on standard mapping cameras and will be
used to pro\'ide actual data on \\'hich to base
speci fications for design of I' u ture mappi ng
cameras. The camera \I,ill also be lIsed in
specific research studies requiring high geo­
metric fidelity and precise engineering data,
using either hlack and white or colol' film to
produce the required data.

It is belie\'ed that the modifications to be
made to the KC-4- camera will enhance its usc
for metric data reducLion of both black and
\\,hite and color pllDtography.

I t is expected that the modilications \I'ill be
completed this year and that lise of the cam­
era to obtain photography for research and
other special te~t purposes ()\'er \'arious test
areas and condi tions throughou t the world
\I'otdd soon foll()\I'.

CO:"CIXSIO:\

1I1r. :\ . .I. \'an del' \\'eele in his paper,
"j\umerical and ,\nalytical I'hotogramllletry
at Large Scales." presen ted at the Lishon
International Congress of l'lwtogrammetry,
Septem bel' ]lJ64-. states:

"The usc of a reseall camera has sJlecial
ach'an tages in COIl' hi nation \I·i th analytical
resitution. }\Iost of the lilm distortion and
un(]atness are alltonlatically taken into ac­
count so that results, in particular those of
aerial triangulation, may he of a higher CJual­
ity." He goes on to say that: "It is strongly
recolllmended that the rese~llI Glnlera be used
in tests to lind Oll t II' hether the expected im­
prO\'ements can he fully realized. These tests
\\'(llIid also gil'e a possibility La check the film
deformation under \'aryi ng circulllstances."

It is expected that thrOllgh the usc of this
photogrammetric research camera, lI'e \I'ill be
able to pro\'ide not only the test data for de­
termining utility of reseau photography, but
also a means I'llI' lield evaillation of the high
density reseau configuration and of the lItility
of em ployi ng the platen reseau.
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