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ABSTRACT: Using a metric camera with built-in fiducial marks enables a simplified automatic 
evaluation of rasterstereographs. The rasterstereographs are prepared in the usual way by 
projecting a line raster onto the object to be measured. In addition, two fiducial marks 
produced by light emitting diodes are projected into the film plane of the camera. The light 
emitting diodes are fixed with respect to the camera. In addition, the relative orientation of 
the camera and the raster projector is fixed. The automatic processing of rasterstereographs 
is considerably simplified, because now only one initial calibration of the recording system 
is needed. Registration of the control point system is no longer necessary. Thus, the image 
structure of the rasterstereograph is greatly simplified. The model reconstruction is per- 
formed using the fiducial marks and the predetermined elements of interior and exterior 
orientation. 

INTRODUCTION 

R ASTERSTEREOCRAPHY is a modification of stereo- 
photogrammetry, where one of the two carn- 

eras is replaced by a projector with a raster diapos- 
itive (Frobin and Hierholzer, 1981). Using a line 
raster results in a particularly simple image struc- 
ture which enables an automatic evaluation (Frobin 
and Hierholzer, 1983a, 1983b). However, in the ap- 
plication reported, the use of non-metric photo- 
graphic equipment leads to the need for photogram- 
metric calibration of each individual rasterstereo- 
graph. As a normal procedure for calibration, a 
three-dimensional control point system must be 
photographed together with the object. 

As outlined by Frobin and Hierholzer (1983a, 
1983b), the control points and planes introduce a 
considerable complexity into the rasterstereographs 
as well as into the automatic evaluation procedure. 
Consequently, a large amount of computing time is 
spent for scanning, identification, and localization of 
the control points. This is particularly cumbersome, 
for example, in routine ipplications in medicine. 
Initial experiments show that the total image pro- 
cessing time is reduced by a factor of about seven 
by using a metric rasterstereograph without control 
points. 

A metric recording system is generally character- 
ized by a fixed-geometry configuration and by fi- 
ducial marks mounted in the film plane(s). The ge- 
ometry parameters (interior orientation) are deter- 
mined just once using a control point system. The 
fiducial marks define a coordinate system in the 
camera image plane which is fixed with respect to 
the imaging lens. 

In the present paper a special metric system for 
use in line rasterstereography is described. 

RASTERSTEREOGRAPHIC 
RECORDING SYSTEM 

In the case of rasterstereography one camera of a 
stereo system is replaced by a projector with a raster 
diapositive. If the raster diapositive is fixed with 
respect to the projecting lens, the raster lines them- 
selves may be considered as fiducial marks, pro- 
vided that an origin line is marked in the diapositive 
(e.g., by a unique pattern of light and heavy lines 
(Frobin and Hierholzer, 1983a, 198313)). In the case 
of line rasterstereography the origin of one projector 
image coordinate (along the raster lines) is not 
needed in the calibration procedure. Therefore, the 
raster lines themselves define the required fixed ref- 
erence coordinate system in the projector image 
plane. Thus, no extra provisions need to be made 
for the projector to be used in a metric raster- 
stereographic system, except that a reliable fixed 
mounting for all optical elements is necessary. 

As a camera, in principle any metric camera can 
be used. However, as pointed out earlier (Frobin, 
and Hierholzer, 1981), using a negative line raster 
(i.e., light lines on a dark background) is most fa- 
vorable for automatic processing of rasterstereo- 
graphs. In this case the usual fiducial marks can 
hardly be detected in the camera image. The same 
holds true for reseau marks. The best choice would 
be the use of self-luminous fiducial marks mounted 
in the film plane of the camera. 

In order to avoid a serious modification of the 
camera, we decided to use fiducial marks consisting 
of light emitting diodes (LED) which are projected 
into the film plane through the camera lens. The 
basic principle was already outlined by Frobin and 
Hierholzer (1981, Figure 7 ) .  The details of the 
present construction (designed for a Hasselblad 500 
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EWM, equipped with a Zeiss Sonnar f41150 mm 
lens) are given in Figure 1. 

Using a standard enlarging lens (Rodenstock 4.51 
75 mm) and a partially reflecting mirror (85 by 85 
by 4 mm, manufactured by Spindler & Hoyer, Got- 
tingen) a virtual image of the LED is produced at 
the site of the object. By means of the camera lens, 
the object and the superimposed LED image are 
then imaged into the film plane. 

Using green LED'S (Type MV 52 or CQY 73), 
enough intensity is obtained in the film plane if a 
simple  lane-~arallel glass plate is used as a partially 
reflecting mirror (reflectance approximately 10 per- 
cent at 45'). In order to avoid ghost images, one 
side of the glass plate bears a high efficiency anti- 
reflective coating. Nevertheless, a weak but dis- 
turbing ghost image of the LED was observed. This 
could be extinguished almost completely by intro- 
ducing a properly oriented polarizer into the light 
path. The insertion of a plane-parallel plate into the 
light path introduces a little image distortion. In the 
present application, however, the distortion is neg- 
ligible as compared to other errors (e.g., film 
shrinkage). In order to obtain a clearly defined cir- 
cular fiducial mark in the film plane, we are using 
pinholes (diameter 300 km) as used in electron mi- 
croscopy. 

At least two fiducial marks must be produced in 
the film plane in order to establish a camera fixed 
image coordinate system. To ensure good accuracy, 
the fiducial marks should be as far apart as possible, 
lying for example at the right and the left margin of 
the image. However, due to limitations in the field 
width, it is impossible to produce these marks with 
one and the same enlarging lens. Therefore, two 
separate systems, each consisting of an LED, a pin- 
hole, an enlarging lens, and a polarizer must be 
used. They are mounted to the left and the right of 
the vertical camera symmetry plane, as shown in 
Figure 2. In this figure the partially reflecting 

mirror is omitted for the sake of simplicity, and the 
LED systems are folded into the plane of the paper 
along the dashed line AA. In order to achieve the 
best image quality, the LED'S are mounted on the 
optical axis of the enlarging lenses, which must 
therefore be tilted with respect to the optical axis 
of the camera lens. 

All the optical elements, including the camera, 
are mounted in a rigid mechanical construction as 
shown in Figure 3. In addition, the focusing ring of 
the camera has been fixed with a ring-shaped cap 
in order to maintain the principal distance of the 
camera. The whole system, including the raster pro- 
jector, is mounted in a solid frame in order to 
preserve the relative orientation of the camera and 
the projector (see Frobin and Hierholzer (1981) 
Figure 4). 

A rasterstereograph of the human back, prepared 
with this camera, is shown in Figure 4. The fiducial 
marks are represented by the two circles of 0.6-mm 
diameter to the left and the right of the patient. 

CAMERA CONTROL 

Special care must be taken in order to ensure that 
the fiducial marks are recorded in each rasterster- 
eograph. Otherwise, the image cannot be evaluated 
and is useless. Therefore, an electronic interlock 
system has been designed which inhibits releasing 
the camera shutter unless both LED'S are lighting 
with sufficient intensity. In order to extend the life- 
time of the LED'S, they are nonnally driven with 
reduced current. Only just before the shutter re- 
lease are they momentarily pulsed to high intensity. 
If the LED current fails to increase to the predeter- 
mined value, the camera relay is blocked and the 
shutter is not released. Thus, missing of fiducial 
marks in the rasterstereographs caused by malfunc- 
tion or erroneous operation is safely prevented. 
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FIG. 1. Optical design of the fiducial mark projection system (side view). 
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FIG. 2. Optical design of the fiducial mark projection system (top view). 

IMAGE PROCESSING 

Assuming that the rasterstereographic recording 
system has already been calibrated (see next sec- 
tion), the automatic image processing now consists 
of two essential steps: 

(1) Detection of the fiducial marks and calculation of 
their centers, and 

(2) Detection and measurement of the raster lines. 

For both procedures, the methods described in pre- 
vious papers (Frobin and Hierholzer, 1983a, 1983b) 
can be used essentiallv without modification. 

The detection and 'measurement of the fiducial 
marks is exactly equivalent to that of the control 
points (see Frobin and Hierholzer (l983a, 198313) p. 
383). Thus, we need not go into details here. By 
means of digital image processing, the area of the 
fiducial mark is isolated. Either the (intensity 
weighted) centroid or the (geometrical) center of the 
circular area may be used as the desired reference 

FIG. 3. Metric camera. 

point. From the two fiducial mark centers, a 
camera-fixed image coordinate system can be estab- 
lished, which serves as a reference frame for all sub- 
sequent calculations. 

The measurement of the raster lines exactly re- 
sernbles the method described earlier (Frobin and 
Hierholzer, 1983a, 1983b), except that the raster 
line coordinates are now converted into the LED 
reference system. In the subsequent image data 
analysis substantial simplifications are possible in 
consequence of the greatly simplified image struc- 
ture. 

CALIBRATION 

The calibration of the rasterstereographic camera 
system must be performed according to the pre- 

FIG. 4. Rasterstereograph prepared with the metric 
camera (fiducial marks indicated by arrows). 
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measure of the accuracy of the method. Sample 
measurements yielded the following standard de- 
viation of the marker distance of about 50 mm: 

(a) 10 measurements of the same negative: 
u = 4 p l n  

(b) 12 different negatives of the same film: 
a = 7 pm 

(c) 28 different neaatives of different films: 

The error of measurement (a) mainly represents the 
digitizing error of our film scanning system. This 
error is small as coinnared to the error of measure- 

I ment (c), which resresents the resulting overall 
error of the fiducial mark measurement. Because 
standard acetate films (Ilford HP5) were used, the I overall error is nrohahlv oroduced mainlv bv film 
shrinkage. The a>curacy'miight thus be iml;ro;ed by 
using films with a dimensionally more stable base 
such as polyester (e.g., Kodak Estar films). 

Due to the lack of Inore detailed information 
I ' about film shrinking effects, a siniple scaling trans- 
FIG. 5. Calibration rasterstereograph with control points forrnatioll be applied as a first-order correction. 
and fiducial marks (indicated by arrows). The scaling factor lnay be calculated from the mea- 

sured effective distance between the fiducial marks. 
The inflnence of this error on the final result of 

model reconstruction is difficult to estimate. To the 
"ailing procedure. In additio~l to control points and first order, an overall motion (rigid body translation 
the raster lines on the control planes, the calibration and/or rotation) of the model ]night result. Fortu- 
rasterstereograph now contains the two fiducial nately, in close-range photogramlnetry one is rarely 
marks (Figure 5 ) .  concerned with the absolute position and orienta- 

Before the calibration procedure can be per- tion of the model. Model deformations affecting the 
formed, the fiducial marks must be identified and shape are of higher order and are thus less impor- 
measured. They may be distinguished froln the con- tant as compared to rigid body motions. Further- 
trol points either by their known location or by their more, the spatial resolution of the measurement is 
different diameter. After establishing the camera- not affected by the fiducial mark error. 

fixed image coordinate system, all control point and 
raster line coordinates are transformed into this ref- REFERENCES 
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