























The resection is applied in the configuration of four control points
positioned as corners in a square figure. This is the minimum configura-
tion allowing for the least squares solution and yielding the corrections
to each of the orientation elements in a simple explicit form derived by
Kratky (1979b). The computer time consumption for a single frame evalua-
tion is less than 3 ms, which is about 107 of the time available for han-
dling of a single video frame.

The resection computation provides values representing a momentary po-
sition and attitude of the video camera in the reference system of the sa-
tellite. Each of the six degrees of freedom of the camera is monitored and
controlled independently. Each individual C'-C component of Figure 2 is re-
garded as an error to be eliminated by a suitable correction in the opposi-
te direction. Neither the camera nor the satellite are stationary, but mo-
ve initially at constant velocities. Without any control action they would
gradually drift away as shown in Figure 3, for a single element, by a
straight line. A correction can obviously be applied by a momentary dece-
leration, which gradually suppresses the errors and present velocities.
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To generate a restoring force in the control system, the amount
correction should be dependent on the current magnitude of error e.
arrangement gives rise to a harmonic motion, in which error e varies sinus-
oidally with time (Figure 3). A suitable damping can be achieved by making
the correction also dependent on the current error velocity v. Photogram-—
metrically determined values of current errors e and velocities v are used
to compute and introduce negative acceleration a, which controls the errors
in a damped oscillation mode

a=-(k2+w?)e - 2ky (8)

Angular frequency w is derived
coefficient k is a function of

The electronic distortion
cal, because image coordinates
video scan and not affected by

from the desired period of oscillation, and
the selected damping power.

typical of TV imaging systems is not criti-
are determined by digital operations in the
the quality of the final optical display on

the monitor screen. In laboratory experiments with the on-line video scan-
ning processor the geometric stability of a video scan was maintained with-
in 5 ym in the video image frame of 25%25 mm (Pinkney, 1978).

The control operation starts when the RMS end effector is brought un-—
der manual control to a distance of about 3 m from the satellite grappling
mechanism. Since the camera is located about 1 m back from the end effec-
tor, the operational range of the camera is between 4 and 1 m. Extensive
simulations and laboratory experiments at the NRC proved that the control
process converges within 200 to 300 iterations (7 to 10 s), even if the er-
rors of the video output were artificially increased up to 100 pym. The fi-
nal position of the end effector is controlled within 5 mm and the attitude
within 5 mrad from the expected destination.
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The technique has a general potential in all dynamic engineering tasks
where the real-time aspect and remote control are crucial to the operation.
Besides obvious space applications these may be, e.g., manipulations in nuc-
lear laboratories and power plants, special technical operations performed
underwater and also automatic docking manoeuvres of supertankers.

CONCLUSIONS

On-line photogrammetric systems offer a versatile control of close-range
photogrammetric tasks. Both the accuracy and economy of model reconstruc-
tions benefit from the operator-system interaction, whichallows for a change
of conditions and even for a modification of the photogrammetric formulation
if needed.

In order to utilize real-time solutions in close-range photogrammetry
it is crucial to apply non-photographic techniques in analyzing optical ima-
ges for an automated identification of details and immediate processing of
related measurements. First steps in automated photogrammetric monitoring
and control of dynamic three-dimensional operations have successfuly been
made in biomedicine and space engineering. Both tested techniques give a
good promise of becoming routine real-time applications of photogrammetry.
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