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Printing Sources of 
Image Deformation 
Flattening of film so that its emulsion does not deviate from 
a plane is a major problem in aerial cameras and THE problem 
in printers using centrally projected light. 

INTRODUCTION 

D IAPOSITIVES and not the original film 
negatives are  usually used in plotters 

and  comparators. These diapositives can be 
printed either with printers projecting the 
negative through a lens or with contact print- 
ers. If a projection lens is involved, its distor- 
tion will result in point displacements. How- 

i t y  are widely used. Printing of diapositives 
using these printers requires extreme opera- 
tional care and frequent production control t o  
ensure t h a t  the diapositive is of the  same 
metrical quality a s  the negative. 

Metrical aspects of diapositives printed 
with contact printers using centrally pro- 
jected light are discussed in this article. 

ever, displacements resulting from distortion 
of the projection lens are  the same for each T H E  MAJOR PROBLEM 

diapositive and could, if so required, be elimi- Flattening of film so t h a t  i ts  emulsion does 
nated with a compensation plate. not deviate from a plane is a major problem 

ABSTRACT: T h e  results of a n  investigation of diapositizres printed wi th  a 
contact printer us ing  centrally projected light showed that proper contact 
between negative and diapositive emuls ion  must  be achieved i n  order to obtain 
diapositives wi th  a n  image geometry equivalent to that of the negative. Several 
sources of improper  contact of the two emulsions were encountered in  one 
particular printer and modiJications were introduced to el iminate them. 

Deviations of either negative or diapositive in  aerial cameras and the problem in printers 
emulsion from a plane will, in using printers using centrally projected light. T h e  elastic 
which project the negative through a lens, film must be supported by  a rigid plate in  
result in positional displacements. These de- order to  yield a stable surface. I n  addition, 
viations can be eliminated by  bringing the  this rigid plate and  the film have to be brought 
negative and diapositive emulsions into con- into contact by  removing the air between 
tact.  them. 

Contact printers using centrally projected T h e  problem can technically be solved in 
light permit conveniently the addition of a n  four ways3, bu t  only one of these is suitable 
automatic dodging procedure which reduces for contact printers: the  mechanical flattening 
highlights and shadows occurring in the nega- by  pressing the negative film (and the diaposi- 
tive i n  order to  improve the  readability and  tive with it)  against a reference glass plate. 
interpretability of the printed diapositive b y  This  solution has been used in Great  Britain 
bringing o u t  finer details. in  aerial cameras for several decades and has 

Contact printers with a n  autododging facil- been thoroughly investigated there.' T h e  only 
difference in i ts  use in a printer rather  than in 

* ~ ~ j ,  young is with the canadian Arllled a n  aerial camera is t h a t  the time available to  
Forces, Mapping and Charting Establishment, achieve contact between reference glass plate 
Ottawa, Canada KIA OK2; Dr. Ziemann with the and film is not a s  severely limited. On the  
National Research Council, Ottawa, Canada KIA other hand, the situation is more complicated OS1. The paper was presented a t  the International 
~~~~~~i~~ on I~~~~ ~ ~ f ~ ~ ~ ~ ~ i ~ ~ ,  ottawa, can- a s  a result of the  addition of the  diapositive 
d a ,  June  1971. material. I t  i s  n o  longer really required t o  
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FIG. 3. Deformation of a diapositive printed in a 
contact printer using parallel light from the same 
negative measured to obtain Figure 5. 

tors in Figure 2 of points located somewhere 
between center and format edge. 

Elimination of the supporting scotch-tape 
frame and repeated printing on three succes- 
sive days of the same negative used for Figure 
2 yielded three diapositives on glass plates 
with the residual deformations indicated in 
Figure 4. 

In  order to control the repeatability of the 
printing performance of a contact printer 
using centrally projected light, six diaposi- 
tives were printed, one each on +-inch glass 
and on .007-inch film on three successive days. 

Prior to commencing printing on the first 
day, the negative was measured. Comparison 
of the results from the negative itself (Figure 
5) and the diapositive printed from the same 
negative earlier in a contact printer using 
parallel light (Figure 3) suggest tha t  dimen- 
sional changes other than an overall scale 
change have taken place. 

The deformation of the three glass diaposi- 
tives is given in Figure 4, the deformation of 
the three film diapositives in Figure 6, the dif- 
ferences between glass and film diapositive 
printed on the same day in Figure 7. The de- 
formation of all six diapositives seems to be 
more similar to  the average of Figures 3 and 5 
rather than Figure 5, the negative measured 
prior to printing the first diapositive, alone. 
This observation could suggest that  dimen- 
sional changes took place during the measure- 

FIG. 4. Deformation of three glass plate diaposi- 
tives printed from the same negative on three suc- 
cessive days in a contact printer using centrally 
projected light. 
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FIG. 5. Deformation of the negative from which 
all discussed diapositives were printed except that 
on which Figure 12 is based. 

ment6, or t h a t  the pressure used for the  flat- 
tening of the film in the printer and/or in  the 
comparator caused a small b u t  recognizable 
differential scale change. 

An a t tempt  was made to determine the de- 
formation introduced by  the printer by reduc- 
ing the deformation of the six diapositives by  
t h a t  of the  negative. T h e  residuals indicating 
the difference between the deformation of the 
negative and  the diapositives are  given in 
Figure 8 for the glass plate diapositives and  
Figure 9 for the  film diapositives. A compari- 
son of these graphs indicates a larger similar- 
i t y  between the  glass and film diapositives, 
respectively, than between glass and film dia- 
positive printed on the same day,  thus sug- 
gesting t h a t  par t  of this deformation is caused 
by  differences in  handling and processing re- 
sulting from the difference in material. 

An a t t e m p t  t o  eliminate the  deformation 
differences caused by  handling of the diaposi- 
tive by  reducing the deformation of two of the 
glass plate and film diapositives with t h a t  of 
the third one was then made. T h e  results a re  
shown in Figure 10 for the glass plate diaposi- 
tives and  in Figure 11 for the film diapositives. 
These four vector diagrams indicate image 
deformation introduced b y  the  printer only. 

T h e  rms deformation in x- and y-direction 
for all diagrams shown in Figures 4 t o  11 is 
given i n  Table 1. As the diapositives printed 
on the  second day  were used t o  form differ- 
ences with those printed on the first and the  
third day,  values for only two diapositives 
were obtained in Columns I and  VII. Reduc- 
ing the  values given in Table 1 b y  the measur- 

TABLE 1. RMS RESIDUAL DEFORMATION IN 
MICROMETERS IN x- AND y-DIRECTION 

FOR FIGURES 4  TO 11 

I. Deformation differences between two glass- 
plate diapositives printed on successive 
days. 

11. Deformation differences between glass- 
plate diapositives and the negative. 

111. Deformation of the glass-plate diapositives. 
IV. Deformation differences between glass- 

plate and film diapositives printed on the 
same day 

V. Deformation of the film diapositives. 
VI. Deformation differences between the film 

diapositives and the negative. 
VII.  Deformation differences between two fill11 

diapositives printed on successive days. 

Figure 

x 
y 

ing accuracy m,= f 2.0 p m  and mu= t 1.4 
pm6 or, in the case of differences, by  the mea- 
suring accuracy values multiplied with d?, 
J2, gives the values of Table 2. These values 
suggest t h a t  a deformation in x and y direc- 
tion of $ 2  t o  4 p m  can be caused by  the  
printer. 

T h e  values in Tables 1 and  2 and Figures 4, 
6 and 7 indicate no significant difference be- 
tween the  use of glass plate diapositives and 
.007-inch film diapositives. I t  can therefore 
be concluded t h a t  the values given in Table 2 
for the difference between photographs indi- 

I 11 111 IV v V I  V I I  
10 8 4 7 6 9 11 

3.3 4.2 5.9 4.2 5.4 3 .3  4.9 
2.9 3 .4  5.7 2 . 6  5.3 3.0 2.9 

I I* 11 111 IV v V I  V I I  

* See Table 1. 
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60 MICRONS - 
FIG. 6. Deformation of three fiIm diapositiyes FIG. 7. Differences between the deformation of 

printed from the same negative on three successive glass plate and film diapositives printed one im- 
days in a contact printer using centrally projected mediately after the other. (Difference between 
light. Figures 4 and 6). 
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FIG. 8. Differences between the deformation 
shown in Figure 4 and that of the negative (Fig- 
ure 5). 

FIG. 9. Differences between the deformation 
shown in Figure 6 and that of the negative (Fig- 
ure 5). 
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cate rms values for deformation caused by  the  
printer. These values are  slightly larger than  + 1 t o  3 p m  given by  Ligterink and  Zijlstra2 
and  smaller than  the  k 6  p m  obtained'by 
Schwidefskyd. 

Figures 8 and 10 show in each graph, in  the  
sixth row from the  bottom, several points 
with similar deformation which are the  results 
of a local disturbance of the general deforma- 
tion pattern of Figure 5. This  disturbance is  
unique t o  t h e  measurement of the negative, 
a s  a comparison with Figures 3 , 4  and  9 shows; 
i t  can therefore be concluded t h a t  i t  is t h e  
result of the  mensuration process. 
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10 MICRONS - 
FIG. 10. Differences between the deformation of 

two glass plate diapositives printed from the same 
negative on two successive days (Figure 4 top minus 
Figure 4 center and Figure 4 bottom minus Figure 4 
center). 
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10 MICRONS - 
FIG. 11. Differences between the deformation of 

two film diapositives printed from the same nega- 
tive on two successive days (Figure 6 top minus 
Figure 6 center and Figure 6 bottom minus Figure 
6 center). 

T h e  six diapositives leading to Figures 4 to 
11 were printed in  a LogEtronic Contact  
Printer Model Mark  I1 using the  recom- 
mended procedure for printing glass diaposi- 
tives-with the exceptions t h a t  a glass plate 
instead of the  provided plastic plate was used 
between diapositive and  pressure bag and  
t h a t  the automatic switch was de-activated 
and  the  raster triggered manually. T h e  rea- 
sons for introducing these modifications can 
be seen from Figure 12, which displays the 
errors originally encountered with this printer: 



45'7 cm (14 by 18 inches) although aerial 
photographs usually have a size of 23 cm by 
23 cm (9 by 9 inches) only. The area of the 

stage not needed is masked off to pre- 
vent extraneous light from reducing the con- 
trol over the dodging process and to  minimize 
border enhancement. A mask approximately 
the density of the negative can be used to 
cover either the stage area not needed or only 
an area around the negative. The latter is 
being done a t  the Mapping and Charting 
Establishment using red scotch tape. Putting 
this tape on top of the printer stage results in 
a supporting frame yielding results as those 
in Figure 2. Hence, the tape has been fixed to  
the under side of the printer stage and no 
mask a t  all is used on the u m e r  side of the 

FIG. 12. Deformation of a diapositive printed 
prior to the modification of the LogEtronic Contact 
Printer Mark I1 showing the effects of bending of 
the plastic pressure plate and of too early trig- 
gering. 

improper contact between negative and dia- 
positive emulsions resulting from an unde- 
sired flexibility of the plastic plate, too early 
triggering of the scanning mechanism and im- 
proper masking of the printer stage area not 
needed. 

Disregarding for a moment the top line in 
Figure 12, a systematic pattern can be seen 
which, according to Figures 1 and 2, suggests 
that  negative and diapositive emulsions were 
not in contact along a t  least the outer two 
lines. Obviously, the plastic plate was pressed 
down sufficiently a t  the center but not a t  the 

. A 
printer stage. This arrangement has proven 
to be satisfactory. 

edges of the format, i.e., the glass plate bent. 
Consequently, i t  was replaced by a $-inch 
glass plate. 

The top two lines show a spacing which 
changes by more than 80 pm. This change 
cannot be caused by film deformation but  
only by a change in the position of the film 
during the exposure of the top line. I t  was 
found tha t  the automatic switch was trig- 
gered too early. 

The exposure of the diapositive began a t  
the top before the diapositive had reached a 
stable position. This type of deformation never 
occurred after introduction of the manual 
triggering. 

The printer stage has an open area of 40 cm 
by 49 cm (153 by 93 inches). The largest nega- 
tive size accepted by the printer is 35.6 cm by 

Contact printers using centrally projected 
light can add substantially to image deforma- 
tion. Any such printer should be investigated 
throughly and, if this seems necessary, be 
modified in order to guarantee dimensional 
accuracy. 

Results obtained with such a modified 
printer indicate a good repeatability of the 
printing performance and a dimensional qual- 
i ty  which will suffice for most photogram- 
metric purposes. Local image deformation 
corrections based on a reseau can eliminate 
the local deviations from an  overall deforma- 
tion pattern which are likely to be introduced 
during the printing of the diapositive. 

The performance of the printer should be 
tested periodically. No modification to  the 
printing procedure must be made unless its 
dimensional effect on the diapositives has 
been investigated and proven to  be negligible. 
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