










this case an attitude measurement can be made 
with any part of the earth within the picture area. 
The minimum pitch and roll measurement range 
for \\'orst-case conditions (i.e., a small crescent of 
illuminated earth and the satellite motion directed 
away from the illuminated area) is based on the 
condition that the visibility limit circle is within 
the picture area. 

The time limit on attitude sensing is set by the 
sun-in-field condition. A separate sun sensor pro­
tects the camera when the sun is in the field of 
view by preventing the shutter from opening. The 
times when the sun is eclipsed by the earth is 
relatively unimportant as a limit on attitude meas­
urement since it represents such a small part of 
the total mission time. However, pictures taken 
during the eclipse may provide attitude data from 
air glow or auroral phenomena. Pictures taken 
during the eclipse may prove to be one of the more 
interesting side products of the DODGE camera 
system. 

F or some periods of time the moon will also be 
in view of the DODGE cameras. It will be possible 
to take pictures of the moon during each satellite 
orbit provided it is not necessary for the cameras 
to look into the sun. This condition exists only 
during the phase of the new moon and represents 
a relatively small part of the moon's orbital period. 
The restricted period, as for the sun-in-field limit, 
is directly proportional to the camera field of view. 
The moon-viewing characteristics for the satellite 
cameras are very similar to those of an earth 
observer. The distances to the moon f rom the 
sa telli te and f rom an earth observer are abou t 
the same. The major difference results from the 
fact that the satellite cameras are always pointing 
earthward. Therefore, both the earth and moon 
will be within the field of view and the earth will 
eclipse the moon each satellite orbit. 

The 200-second frame time is not compatible 
with the rate information needed for dynamic 
boom-bending measurements. To overcome this 
difficulty, a fast scan mode was included. With the 
bandwidth restricted by the data link, this speed­
up would normally produce a corresponding reduc­
tion in resolution. Since the boom end mass will 
be found most frequently in the central region of 
the picture, the resolution degradation can be 
partially overcome by reducing the scan area. 
Reducing the scan area by a factor of four allows 
for boom end mass measurements over half the 
field, and a speed-up of four can be 
with no reduction in resolution. A factor of elght 
speed-up was required and the additional factor 
of two was obtained at the expense of resolution 
degradation in the horizontal scan direction. 
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Camera Configuration 

To allow accurate measurements In the near 
stabilized condition and to provide information 
over a wide angular range two cameras are 
employed. A wide angle 60 ° x 60 ° field of view 
camera (60 ° camera) and a narrower 22 ° x 22 ° 
field of view camera (22 ° camera) have been 
selected. The picture geometry is shown in Fig. 6 
for both cameras. Indicated in the illustration are 

MOON 

r-E;:;T;--' • 
I I 
I I 
I I 
I I 

EARTH MOON. 

r---, 
I I 
I I 
I END I 
I MASS I L ___ J 

FAST SCAN AREA 

1----60 0 -----t 1-----22°-----1 

Fig. 6-DODGE picture geometry. 

the fast scan areas, the relative size of the moOJ), 
and a 10-inch boom end mass 120 feet from the 
22 ° camera. The relationship between camera 
angle and the earth angle measured from the 
satellite sub point (SSP) to any other point is 
shown in Fig. 7. Also indicated in the illustration 
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Fig. 7-DODGE resolution characteristics. 
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Fig. 8-Form of camera reticle pattern. 

TABLE I 

TELEVISION SYSTEM CHARACTERISTICS 

Frame time (seconds ) 

Field of view (degrees ) 
Angular resolution 
(degrees ) 

Linear resolution limit 
at SSP (nautical miles ) 

Angular calibration 
accuracy ( to retic1e-
degrees ) 
Sun-in-field (percent 
of satellite orbit ) 
Moon-in-field (p ercent 
of satellite orbit ) 
Moon in sun direction 
( days / moon orbit ) 
Maximum usable time 
as an attitude sensor 
(percent of orbit ) 
Pitch and roll limit 
(any illumination-
degrees) 
Pitch and roll limit 
(full illumination-
degrees ) 

System weight (pounds ) 
Power requirements 
(watts) 

* Vertical resolution 
Horizontal resolution 
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Slow Scan Fast Scan 

200 25 

60 22 32 11 
0.12 0.044 ~* 0.044* 

0.24 0.088 
36 13 36* 11* 

72 26 

0.15 0.05 

22 8.9 

16.7 3.9 

6.2 2.5 

78 91 

±20 ±2 

±34 ±14 

19 
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one-half in fast scan 

is the limit of visibility and the normalized resolu­
tion characteristic. Resolution in this illustration 
represents the ability of the camera to resolve sur­
face or near surface detail on the earth. The nor­
malized radial resolution, R"., is defined as the 
degradation in resolution as one moves radially 
outward from the SSP in any direction. The nor­
malized tangential resolution, R t , is defined as the 
degradation orthogonal to R ".. 

Position measurements will be made relative to 
a reticle pattern fixed on the face plate of the vidi­
con. This method establishes a mechanical refer­
ence for measurement which is independent of 
electronic scan stability. The form of the reticle 
pattern is shown in Fig. 8. 

A summary of the camera system measurement 
characteristics is given in Table 1. 

System Operation 

A basic block diagram of the television system 
is shown in Fig. 9. The normal sequence consists 
of a 200-second charge cycle, followed by exposure 
of the 60 ° camera and a 200-second read cycle, 
and finally, exposure and a 200-second read cycle 
of the 22 ° camera. In continuous operation a 60° 
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Fig. 9-TV system block diagram. 

camera exposure and read cycle will follow imme­
diately. The initial charge cycle is required only 
at tum on. In the programmed mode of operation 
the sa telli te programmer turns the system on every 
hour on the hour for 10 minutes. In normal oper­
ation the camera system will be in the slow scan 
mode which will provide one picture from each 
camera every hour. For more specialized camera 
operations the programmer can be bypassed and 
the system can be controlled by ground command. 
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