








distance between the points on the face was about 3 mm during photographv.

Of the grid, a set of 5 x 7 points, used for the calibration of the projec-
tor, was measured in a monocomparator, PK1 of Zeiss/Oberkochen; futhermore,
about 70 such points were measured that would be actualized in the measure-
ment of faces.

2.4 The camera

The camera uded in photography was the TMK of Zeiss/Oberkochen ( ¢ = 60 mm ).
The camera was equipped with a Zeiss front lens, Nr. 2, thus giving a depth
of focus of 62 cm + 6 cm.

3. Calibration of the projector

The projector was calibrated at the beginning and end of each period of
photography of about 2 hours. This was done by projecting the grid from a
distance of 65 cm perpendicular on to the control point plate and by photo-
graphing it with the TMK located as close as possible to the projector. In
addition, a measuring was used to measure the distances from the projection
center of the projector to the control points. For this purpose, the posi-
tion of the projection center in the lens tube had been determined before-
hand. From the photograph, the control points and 35 grid points used for
calibration were measured in a monocomparator.

In the computation that followed, the exterior orientation of the metric
camera was determined; also the object coordinates of the grid points were
determined, assuming that they all were in the same plane. After this, the
exterior and interior orientations of the projector were computed. In this
computation, the object coordinates of the projected grid points, obtained
in the preceding phase, were used as control point coordinates, and the ob-
servations of distances to the projection center, mentioned above, served

as additional ebservations. The standard errors obtained for the coordinates
of the projection center, determined by means of the distance observations,
were + 1.5 mm in the plane parallel to the picture plane and + 0.5 mm in the
direction of photography. The division of the computation into two phases
was due to the general block adjustment program used, which treats the inte-
rior orientation of all photographs in the same computation in an identical
manner.

Also radial and tangential distortion parameters could be included in the
determination of interior orientation; this gave the distortion of the pro-
jection lens seen in Figure 2. However, because the distortion values were
relatively low in the area to be measured, distortion parameters were not
determined in the final computations. The influence of this on the final re-
sult was on an average + 0.1 mm. The computation of the calibration photo-
graphs showed also that interior orientation had been well preserved during
all periods of photography; consequently, the interior orientation obtained
by calibration performed at the beginning of each period was used for all
cases within the period in question.

L. The measurement of faces

When photographing the faces, the metric camera was placed at a distance of
67 cm from the control point plane in a way that the photographing axis ran
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Figure 2. A contact print of
a TMK photograph for the cali-
bration of the projector.

Figure 3. A contact print of
a TMK photograph for the mea-
surement of faces.
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Figure 4. Set-up for photography.

5. Conclusion

The method used proved to be very well suited for the application in ques-
tion, and the objectives set were attained. The method is rapid in the pho-
tographing and measuring phases, but fluent computation would demand a com-
puter program better suited for this kind of a purpose.

In the case at hand, the accuracy requirements were not particularly high,
but the use of projected grid makes possible an increase in accuracy. This
can be achieved by carefully calibrating the bundle to be projected, which
can be done rather easily, at least in some cases. Futhermore, if the photo-
graphing set up is so arranged that, in the determination of the most criti-
cal coordinate, theinfluence of projection bundle is the greatest, the accu-
racy of the final result is improved.
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