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Plotter Orientation from 
Aerotriangulation Output 

Formulas are listed for the Zeiss C-8 Stereoplanigraph, Wild 
8-8 Aviograph, and the Santoni Stereosimplex Il-C. 

HE ELEMENTS OF exterior orientation for the 
T p h o t o s  of a stereopair may be analytically 
determined in several ways. A computer 
program for space resection will compute the 
exterior orientation parameters for a single 
photo from the photo coordinates and the 
ground coordinates of three or more points on 
the photo.'The points may be artificial points 
and the ground coordinates may be aero- 
triangulated coordinates. In one method of 
analytical aerotriangulation, referred to as 
the simultaneous adjustment of photos, the 

Y", Z", are in the ground coordinate system. 
The rotations generally nsed in analytical 
photogrammetry are the sequential rotations 
o, 4, K which, if applied to the axes of the 
ground coordinate system, make them paral- 
lel to the photo coordinate system. Further 
explanation of these rotations may be found 
in Reference 2. 

The camera station coordinates and the ro- 
tations for the photos numbered 1 and 2 are 
designated as 

ABSTRACT: I f  a stereoplotter is equipped w i th  dials and scales to indi- 
cate the attitudes of the projectors, then  the  relative and absolute 
orientation of a stereomodel may  be accomplished i n  the plotter b y  
setting known values into the dials and scales for the projectors. 
These setting values can be determined from the exterior orientation 
parameters of the photographs of the  stereomodel that  are computed 
in  analytical aerotriangulation programs. 

exterior orientation parameters of all the For the purpose of this paper, there are two 
photos in a strip or block are determined as an types of plotting instruments. One type, such 
integral part of the adjustment. It is the pur- as the Zeiss C-8 Stereoplanigraph, can ac- 
pose of this paper to detail how the values of commodate a liberal bz motion in the right 
the exterior orientation parameters may be projector. The other type, such as the Wild 
used to aid in the relative and absolute orien- B-8 Aviograph and the Santoni Stereosim- 
tation of models in those stereoplotting in- plex 11-C, are equipped with a common phi 
struments that have dials and scales to indi- motion instead of a b z  motion. The motions 
cate the attitudes of the projectors. associated with both types of instruments are 

The exterior orientation parameters that the x-tilt, y-tilt and swing ( K )  for each projec- 
are output from the aerotriangulation compu- tor. 
ter program are the camera station coordi- The entire procedure for the Zeiss C-8 is 
nates and the rotations associated with all the presented first. The procedures for the other 
photos in the strip or the block that was ad- instruments are modifications of this proce- 
justed. The coordinates, designated as X c ,  dure. 
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ZEISS C-8 PROCEDURE (7 .  The left and right y-tilt settings are 

1. Photo 1 is placed in the left projector, d L = l O O + c P + + T  
and Photo 2 in the right projector. The unit of 
rotation is grads. The instrument base scales d, = 100 + @ + 4; .  
are in millimeters. 

2. Compute the air base components: SANTONI 11-C PROCEDURE 
Modify the Zeiss C-8 procedure as follows: BX = X$ - x: 

3. The instrument base is 

bx = m ( B X 2  + BY2)% 

where m is the scale of the model times a 
factor to convert the ground unit to millimet- 
ers. If the model scale is 111500 and the 
ground unit is feet, 

4. The bz setting for the right projector is 

bz = m ( B Z ) .  

5. The angles symbolized by o ,  4, K are 
sequential rotations with K tertiary. In the 
plotting instruments, K is applied first. Let 
o * ,  4 *  symbolize the rotations after K has al- 
ready been applied. Then 

W T  = w l  cos K~ + sin K I  

4T = 41 cos K~ - o1 sin K~ 

oz = w z  cos K 2  + 42 sin K 2  

6. The left and right x-tilt settings are 

Cr. = 100 + o * 1  
cR = 100 + 0*2 

7. The left and right y-tilt settings are 

dL = 100 + 
dB = 100 + 4*2. 

8. The swing is cleared by optical obser- 
vation of the model. 

WILD B-8 PROCEDURE 

Modify the Zeiss C-8 procedure as follows: 

4. Compute common-phi as, 

6 3 . 7  ( B Z )  
@ = ( B X ~  + B Y 2 ) s  

where 63.7 is the number of grads per radian. 
The instrument setting is 

a = 100 + @ .  

4. The  common-phi setting is applied 
equally to both the right and the left scales 
and is: 

The common-phi angle is 

(6) The left and right x-tilt settings are 

(7) The left and right y-tilt settings are 

These procedures will produce a model 
that is very nearly cleared, scaled, and 
leveled. There are several reasons why the 
procedures do not produce the model per- 
fectly: (1) the aerotriangulation values are not 
exact; (2) film distortion, lens distortion and 
atmospheric refraction are analytically cor- 
rected in the aerotriangulation process, but 
are not corrected in the analog process; (3) 
operator bias; (4) instrument calibration. 

The computations for an actual model set 
in a Santoni Stereosimplex 11-C are pre- 
sented below. The photographs were taken 
with a 6-inch mapping camera at a flight 
height of 900 feet. The photo scale is 1:1800 
and the model scale is 1:900. The exterior 
orientation parameters for the two photos of 
the model, Photos 5 and 6, are shown in Table 
1. 

Photo 5 Photo 6 
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The dial and scale settings are determined 4% = -1.06) (0.8778) - (-0.37) (0.4790) 
as follows: = -0.753 
1. First, photo 5 is placed in the left projec- 6. CL = 200 - 0.282 = 199.72 
tor and photo 6 is placed in the right projec- 

C R  = 200 - (-0.840) = 200.84 tor. 
7. d,, = 100 + (-0.653) + 0.024 = 99.37 

2. BX = 1,719,570.6 - 1,719,149.8 = 420.8 d, = 100 + (-0.653) + (-0.753) 
BY = 218,064.7 - 218,838.2 = 226.5 = 98.59. 
BZ = 899.2 - 904.1 = -4.9 

3. m = (1 / 900) (305) = 0.339 
bx = (0.339) (420.82 + 226.52)~2 

= (0.339) (477.9) = 162.0 

4. a = 1000 (-4.9) / (477.9) = -10.25 
@ = (-10.25) (63.7 / 1000) = -0.653 

5. og = (0.24) cos (30.1R) + (0.15) sin (30.1R) 
= (0.24) (0.8903) + (0.15) (0.4554) 

8. After the swing was cleared, the model 
was clear to within one dot of parallax. 

After the model had been completely 
cleared, leveled and scaled by optical obser- 
vation, the dial and scale readings were b, = 
162.0, a = -10.25, CL = 199.71, C ,  = 200.74 
d, = 99.33, dR = 98.55. 

= 0.282 1. Keller, M. andTewinkel, G. C.,  "Space Resec- 
42 = (0.15) (0.8903) - (0.24) (0.4554) tion in  Photogrammetry," ESSA Technical 

= 0.024 Report C&GS 32, September 1966. 
2. American Society of Photogrammetry, Manual 

o*, = (-0'37) (0'8778)+(- '.06) (0.4790) of Photogrammetry, 3rd Edition, pages 46-53, 
= -0.840 1966. 
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