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Table 3 Interior orientation elements 
se in the first stage 

Location principal point: ~D' 20 
Dif of principal distance C 

al distorsion of the lens : At and AZ 
Decentering distorsion of the lens : B( and B2 
Scale differense in 1'L direct~on : I\.. 

y s to x-axis~ ~ 
cans ed by s canni ng *) () 1 
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in thi s 
report special 
moving mechanism descri 
above. In order to correct 
the image deformation ef 
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the special mechanism were o 10 20m considered, and 8 interior !.-' __ ...L. __ .....I 

orientation elements were 
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exposure stations 
z selected at first .. These 

elements consist of 11 para
meters as shown in Table3e 

Fig.4 Plan of the test field 

The distorsions .£15 and 4''2. of an image at a location J, 
~ caused by the parameters are given by the following 
equations, under the assumption that each parameter is very 
small .. 

Images of the test field were obtained at 3 different 
exposure stations A,B and C shown in Fig .. 4.. Preliminary 
calibration tests were carried out for determining the 
parameters by use of these images. From these tests, it was 
found that the effect of 5 parameters A..., Q1' Q3' B1 and B2 
was so small that these parameters could be disregarded. 

New calibration computations were performed after 
disregarding the 5 parameters. Table 4 is the result. It is 
evident that each parameter is stable in magnitude through all 
over images and standard error ~ of an observation image 
coordinates is ss than 3.7 pme Therefore, the average values 
of Table 4 were used as the standard calibration values of the 
interior orientation elements They are also described in 
Table 4 .. 

5 .. Error Obj ect Space Coordinates Computed from Several 
Single Images 



Table 4 Interior orientation elements obtained by 
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Table 5 

Model 
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1 error at control 

were ly ined by a resection method 
of a single image.. 4 stereoscopic pairs were thereafter 
selected to form the space models respectively, and object 
coordinates of 2 kind of points, control and check points, 
were computed. An example of the tests is shown below .. 

Only 8 control points were used for the exterior orientation 
5 in those and other 10 check points were selected 

for estimating an error produced in each modelm Some of the 
results are presented at Table 5, in which a relative depth 
error means an value a ratio of standard error of 
Z to Z .. Table ws that the error is fairly small 
throughout the ) and increasing a base ratio, which 
results in convergent images, is effective for reducing an 
error 

iments of a Stereos c Measurement 

All data described in the previons sections were the results 
which were obtained by measuring the targets on single images .. 
Any result performed by a stereoscopic measurement is not yet 
presented.. But the anthers had succeeded in stereoscopic 
measurement by using a pair of rectified images, even in the 
case of converged image pair A-C" The measureing method will 
be explaned with the aid another test 
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evident that the error decreases as 
increases as usually indicated 

se ratio BIz 

6-
orientation, each original image was 

rectified digitally by use of the relative orientation 
elements from model to model so as to perceive a good 
stereoscopic impression .. The bi-linear interpolation was 
employed for the tal image rectification. 

A brief test concerning measuring accuracy was out 
with the aid of the rectified images. Location of the 12 

nts indicated the s were again measured on 
the rectified images by the same method described in 

Section 3 And the locations of the control points were 
computed from these data. The error of the computed control 
points is also shown in Table 7 as to enable to compare with 
the residual error at the absolute orientation. 

It is evident and natural that latter computed error in 
Table 7 is larger than the former residual error without 
exception. In spite of such fact, the latter error indicated 
is still rea small This indicates that a considerably 
precise photogrammetry will able to be performed by use of 

system pre here. 
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limitted within 2 and as to the viewing magnification, on the 
other hand, the reduction ratio of 1 NO .. 7 was adopted in this 
test. Table B indicates the notation and condition of the 
test .. Fig .. 6 shows the examples of the image pair on the full 
screen .. 

There was another bottleneck in the system, which was caused 
by the fact that only one cursor was provided in the display 
unit. The cursor should be used for a measuring mark in this 
system. Therefore, a yellow square mark was selected as a 
cursor and anthor identical mark was produced in the image and 
represented on the screen. If the 2 marks were placed on the 
conjugate image points in question, a stereo model on which 
the mark was placed was percei ved by the aid of a stereoscope .. 
Even if such improvement had been performed, the new measuring 
mark could not still be moved on the screen. Owing to such 
limitation on mechanism, the stereoscopic measurement was 
carried out from point to point. 

6-S Test Measurements 
Some results obtained from the test illustrated in Fig.S are 

described below .. 
Graduation marks of a staff which was placed in the xy-plane 

were measured and the distance between graduations were 

(a) TV, original scale (b) upper part of a large 
cylinder, x3 

Fig.6 Stereogram of Model b-e on the screen 

Table 9 Distance measurement between gradnations of a 
staff which is placed in the xy-plane (by the 
method T1-1 .. S) 

(mm) 
Distance in a staff 1S0 200 300 SOO 600 BOO 
Distance a-b 300 .. 1 499.4 799 .. S 
measured b-c 200 .. 3 S9B.9 BOO .. 1 
in the model of b-e 14B .. 4 301 .. 9 B 0 1 .. 1 



computed. The distances obtained from the test are in good 
agreement with those of staff as showm in Table 9 .. The image 
scale of the staff was 1 : 85 .. Consequently, an error 1 mm in 
the object space corresponds to an error 0.012 mm on the 
image .. 

The 2nd example is a measurement of front edges of a 
television frame .. Corners and several points on the edges of 
the frame were measured stereoscopically in 3 models. An 
average of edge lines and the deviation from the average were 
computed from the measured coordinates.. Fig.7 shows the 
deviation of the measured edges in 2 models. The acuracy is 
not good enough throughout the test. But, through a detail 
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Fig.7 Deviation from the average edge lines 
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inspection 7 (a) and b) it seams that the deviation in 
model b-e is small regular It sugge ts that the accuracy 
in model which is from the conve 
images, is best. Comparing Fig 7 (c) with (a), it is eviend 
that the accuracy of Test T -0 7 i better than that of Test 
T1 -1 ,,5 .. 

As the 3rd example, a measurement of an upper part of a 
large cylindrical shown in Fig.5 were carri out. Fig.8 
shows the measured horizontal cross section in the 2 models 
with the 2 differ nt meth s of viewing The error pr uc 
from the method T2 0 7 s distinctly smaller than hat from 
the method T1 1 5 in this case, 00 

7 Conclusions 

On a general-purpose 
peripherals were used, any s 
s in this Nevertheless 
works necessary to stereoscopic photogrammetry have been 
ac i The mea sur accuracy in di tal process is 
fairly good in this test and also it is evid nt that a high 
accuracy will be achieved improving a display unit The 
most ffi t task to be overcome will be to a cursor 
currently used into a mechanism which is as convenient as a 
stereo-plotter 
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