








cameras through a meaningful cycle and with 
arranging the video information into a form in
terpretable by the ground station. The DC/ DC 
converter supplies a series of voltages from 4 volts 
to 500 volts which allows the cameras to operate 
from the satellite battery voltage of + 10.7 volts. 
The separate packages are essentially independently 
testable. 

This independence of testing is carried one step 
further in the camera heads. Each camera head 
is composed of a vidicon housing assembly to 
which is attached an associated framework to 
house the electronics. An inner housing assembly 
contains a vidicon, a set of deflection coils and a 
mu-metal shield. The inner housing fits inside a 
solid aluminum block which provides the funda
mental reference plane for the camera. The inner 
cylinder can be rotated with respect to the outer 
housing to accurately align a reticle pattern on 
the tube face. The recticle pattern allows accurate 
interpretation of pictures regardless of biases in 
the electronic scanning circuitry. Each shutter (ade
quately described in the following article in this 
issue) is mounted on the front of the outer hous
ing and is driven by discharging a bank of capaci
tors through a solenoid. The capacitors are slowly 
recharged from the DC/ DC converter between 
exposures. Figure 7 shows a 22 ° camera head 
assembly with cover removed. The low level video 
signal passes out of the tube through the shielded 
lead and into a shielded preamplifier. After being 
amplified approximately 60 db, the signal passes 
on to the video processor module where it is syn
chronously detected, passed through a third-order 
Butterworth filter, and then through a logarithmic 
amplifier. The output of the video processor ap
pears at one of the pins on the back of the camera 
head. The third module in view in Fig. 7 at the 
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Fig. 7-60° camera head assembly with cover 
removed. 
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rear of the camera head provides the various volt
ages necessary to operate the vidicon, including the 
proper amplification of the beam modulation pulse. 
One of the three shielded wires at the rear of the 
module carries the modulation pulse. The other 
two wires protect especially sensitive grids in the 
tube from the modulation pulse. Not visible on the 
other side of the camera head are a deflection 
amplifier module and a shutter driver module. 

Each vidicon is subjected to a series of tests prior 
to installation in the camera head. These tests 
include measurements of resolution, illumination 
sensitivity, deflection sensitivity, and variations of 
beam current with control grid voltage. In ad
dition, each tube is operated continuously at 50°C 
for 100 hours to expose possible manufacturing 
defects. Each module is tested and tailored to a 
particular vidicon prior to assembly. The modular 
construction thus minimizes the probability of hav
ing to disassemble a camera head. 

Figure 8 shows an unpotted video processor 
module with tailored components, typical of the 
modular construction used throughout the camera 
heads. The modules use a welded cordwood con
struction which affords a high density package. 

Fig. 8-Unpotted video processor module with tai
lored components. 

Extensive use is made of integrated circuits, both 
in the camera head and in the sequencer. The 
module shown in Fig. 8, for instance, contains 
seven operational amplifiers in addition to a host 
of logic elements, switches, and associated com
ponents. 

System Performance 

It would be misleading to imply that the DODGE 
camera system testing went smoothly. Several 
problems arose at the system level which would have 
been impossible to localize during earlier testing 
phases. Genel·ally, the most sensitive indicator of 
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a problem is a final photograph taken by the 
camera and reproduced by a monitor. Paradoxi
cally, this is also one of the most sensitive indicators 
of monitor limitations. The majority of the camera 
evaluation is performed by imaging both camera 
heads on a screen upon which is projected a 35 mm 
transparency. The camera system is operated in a 
continuous mode alternately shifting from one 
camera to the other every 200 seconds. The com
bined video output from the sequencer goes direct
ly to a monitor facility where it is displayed on a 
cathode ray tube (CRT). The sweeps of the cath
ode ray tube are synchronized to the sweeps of 
the camera. Figure 9 is a reproduction of a 200-
second polaroid exposure of the CRT display taken 
with the 22 0 camera. The photograph is taken 
from a projected transparency of the Governor's 
Mansion at Williamsburg, Virginia. The small 
crosses that are visible are the calibration marks 
on the tube and are only two resolution elements 
wide. Several comments should be made about 
the photograph. First, it should be clear that in 
order to be published in the Digest, several steps 
of reproduction that do not occur in practice were 
necessary. These steps invariably degrade the qual
ity of the picture. Second, the resolution of the CRT 
is no better than that of the cameras and thus the 
CRT adversely affects picture quality. Adjustment 
of the monitor video gain and centering is a very 
critical and time consuming task with a 200-second 
readout time. The very slightest change from the 
proper video windows greatly reduces the gray 
scale rendition in the pictures, even though all of 
the image information is present in the video. It 
also should be noted that the test facility used to 
evaluate the cameras exhibited limitations which 
will not be present in the ground station facility. 
The resolution capability of the ground station 
monitor, for example, is much better than that of 
the cameras. 

Probably the most serious objections to the pic-
ture quality shown in Fig. 9 are the horizontal 
and vertical \vhite lines running through the pic
ture. These lines result from an imperfect digital 
deflection system, partly caused by the monitor and 
partly by the camera. The 200-second vertical 
s\·veep in the camera is generated by feeding a 
resistive ladder chain with binarily related inputs. 
If any of the binary inputs has an unequal weight 
compared with the average, then it will produce 
unequal steps at well specified points in the stair
case. This will cause the vidicon electron beam to 
overlap more in some places than in others, leading 
to more signal and thus the bright lines. This is a 
very sensitive effect that persists in spite of efforts 
to precisely match the weighted binary inputs. 
Vertical white lines are caused by the monitor, 
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Fig. 9-Photograph taken by TV camera system. 

which has digital sweeps in both horizontal and 
vertical directions. The actual DODGE ground 
station will be free from digital scan problems and 
presumably will be able to eliminate the horizontal 
white lines from the camera by proper processing. 

Producing color pictures with the 22 0 camera is 
an interesting exercise worthy of a few comments. 
(A thorough description of the DODGE color 
capability is given in the following article.) To 
produce a color photograph on polaroid film, the 
procedure described above is repeated three times, 
cnce for each of the primary colors. The final re
sult, being a superposition of three separate frames, 
takes nearly 17 minutes ( 1000 seconds ) to produce. 
The criticalness of adjustments, moreover, is com
pounded by the fact that proper color balance 
becomes a prime consideration, and that one in
accurate setting during a color sequence can easily 
cost 20 minutes. The problem of color balance in 
the satellite will be alleviated somewhat by the 
use of a color pattern painted on one of the 
DODGE end masses which will be in the field of 
view of the camera. The final color balance will 
be obtained by matching the colors in the end 
mass with a standard pattern retained on the 
ground. 
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