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white panchromatic film was used, and 5 photos were selected for the test.
Thirty-two holes of 250 micrometer diameter were drilled into each photo in
a grid pattern using a Wild PUG IV point transfer instrument. The pattern
covered the full 9-inch square format, and consisted of four columns with 8
holes in each column. A one-micrometer H. Dell Foster monoccomparator was
used to measure photo coordinates of zll fiducial marks and drill holes.
Using the calibrated coordinates of the fiducial marks, and a 6-parameter °
two-dimensional affine coordinate transformation, coordinates of the drill
holes in the camera's conventional calibrated x-y system were obtained from
the comparator measurements.

The photographs were then mounted on the microdensitcemeter, with columnsa
aligned essentially parallel with the direction of drum rotation. This was
done because previous research had indicated that systematic errors were
greater in the scanner's column coordinates (direction of drum rotation)
than in its row coordinates (direction of lead screw axis), thus better
modelling of the larger errors could more likely be achieved. The
photographs were scanned using a 50 micrometer pixel size. It was intended
to scan the entire contents of each photo including all eight fiducial
marks. However, the maximum sized photo that could be accommodated by the
microdensitometer used in this project was just under 9-inches square.,
Since the photos were a full 9- lnches square, 1t was impessible to mount
the photos on the drum to ensure that the entire format, including all
eight fiducial marks, would be scann,u. The results showed that in fact,
for each photo all drill holes were scanned, but some fiducials were
missed. Nevertheless a sufficient number of fiducials was scanned to
enable suitable completion of the investigation.
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Figure 1
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Table 1
Discrepancies in Scanner Coordinates in Micrometers
Photo No. 75 of Scanner Test

Discrepancies Discrepancies Discrepancies Discrepancies

Point prior to after after after
No. Correction Correction Correction Correction
Egs. No. Eqs, No. 2 Egs. No. 3

X vy X v X N X v

(1) (2) (3) (4) (5) 5) (7) (8) (9)
233 + 19 + 2 + 1 +114 9 -} -9 -3
234 + 6 0 + 3 -31 -4 -32 -6 -14
235 - 14 - 4y +13 -32 + 8 -22 + 7 -8
236 - 12  -120 0 -3 -3 +14 -1 +11
237 - 30 =191 + 8 +22 + 7 +140 +12 +19
239 - 31 =266 -13 + 5 -8 +12 -4 -15
240 - 43 -295 -5 -13 + 2 -18 0 -12
211 +23 - 63 -15 +72 -15 +54 -13 +37
242 - 1+ 11 -1 -47 0 -51 -1 -40
243 -3 - 79 +21 -y +22 + 3 +22 +17
244 + 5 =120 -28 -1 -26 + 2 -24 + 7
2U5 - 25 -135 -10 -40 -6 -28 -2 -36
247 - 49 =277 -6  +10 -1 +9 +l4  +5
248 - 68 -314 + 2 0 + 8 -14 + 8 +18
249 + 11 =16 -15 +20 -9 + 5 -10 -16
251 -29 - u2 + 1 -u7 + 8 -38 + 2 -24
252 - 52 =160 +16 +25 +19 +37 +15 +43
253 - 19 -198  -27  +17 =25 +28 26 +22
254 - 42 -212  -15  -16 =13 =10  -13 =23
255 - 68 -301 + 1 +27 + 2 +23 + 2 +19
256 - 88 -292 +10 -28 +10 -47 + 6 -18
257 - 12 - 20 -3 17 + 4 +12 + 7 + 6
258 -16. -29 -10 -2 -6 -14 -9 + 7
259 -4y - 62 + 7 -33 + 9 -19 + 5 + 4
260 - 65 =119 +18 -22 +17 -5 +15 + 1
261 -4 =170 -17 -18 -20 -3 -20 -12
262 - 83 -232 +15 -2 +10 + 7 +12 -16
263 -110  -308 +31 +28 +23 +25 +26 ol
264 - 86 -328 - 4 + 2 -14 -18 -15 -13
RMS 48 193 14 27 13 24 12 18
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(1) The results of this experiment confirm preliminary research findings
which indicated that the scanner introduces significant distortions,
especlally in its less stable direction of drum rotation.

orrection -

(@]

(2) First degree polynomials provide about the same quality of
o the x coordinates as those of third degree. This is indicat
RMS values in columns 4, 6 and 8 of Table 1 where the x residuals are
approximately the same for all three polynomials. This shows that the
distortion pattern in the x (lead screw direction) is less complicated than
that in the y (drum rotation direction).
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(3) For higher degree polynomials the x rms values approach 12 micrometers
which corresponds to approximately one-fourth of the pixel size. This
would tend to indicate the ultimate aceuracy to which coordinates of
discrete images can be determined by correlation in the scanned image,
which was also concluded from previous research.

(4) Higher degree polynomials improve accuracy in y coordinates, as shown
by the data of Table 1., This indicates that a larger, more complicated
distortion pattern exists in this direction. The RMS value of 18
micrometers for corrected y coordinates is only slightly greater than one-
fourth the pixel size and indicates that most, but not all, positional
distortion has been removed.

(5) Although data is shown for only cne re
of the results of all others tested reveal
consistently greater than those in x but no specific pattern of d
was repeated from photo to photo. From this it is concluded that
distortion corrections must be made independently for each photo. The
technique presented in this paper of making drill holes and measuring their
coordinates by comparator requires much more additional human operation
than is desirable in an automatad mapping system. Thus a more practical
approach would be to employ photography taken with a reseau camera wherein
the distortion corrections can be computed and applied a

each photo.
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