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ABSTRACT

A functional design study for an Electrostatic Camera System
for application to planetary missions is presented. The Electrostatic
Camera can produce and store a large number of pictures and prévide for
transmission éf the stored information at arbitrary times after exposure.
Preliminary configuration drawings and circuit diagrams for the system
-are illustrated. The camera system's size, weight, power consumption,
and performance are characterized. Trade offs between system weight,

power and storage capacity are identified.
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SUMMARY

The objective of this study was to prepare a fuﬁctional design .
of an Electrostatic Camera System for possible application on an Outer
Planet spacecraft. The scope of the étudy was limited to the preparation
of a functional design for an Electrostatic Camera which completely
characterized the weight, size, power coﬁsumption,'configuration and
performance of the system. In.addition, trade stﬁdies were conducted to
identify trade offs between system variables, and the influence of inter-
ference effects on system performance was énalyzed.

The Electrostatic Camera can simultaneously expose énd store a
large number of pictures within fhe camera tube and provide for transmission
of the data at arbitrary times following éptical exposure. The Electro-
static Camera System will significantly increase the quantity of data
handled, will remove mission limitations imposed by the buffer store/
magnetic tape reéorder used in the baseline system and will improve
overall system pgrformance. The camera system will resolve 1000 lines x
1000 pixels at a minimum of 20% response over a dynamic range of greater
than 64:1. At an exposure of 0.04 ergs/cm2 the signal-to-noise ratio will be
50 to 1 or greater. The. camera system will provide at least 30 frames of
storage which may be retained for many weeks before being transmitted.

The stcred information may be repeatedly scanned without degradation.

l - Functional blbck diagrams were first prepared for the system
and an analysié of the performance of the blocké was conducted. Preliminary
configuraﬁion drawings of the camera system were prepared. This wés

followed by a weight and power amalysis. The camera head can be packaged

vi
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within a 4 1/2" high x 8 1/4" wide x 22" long volume, and will weigh
approximately 16 pounds exclusive of the optical assembly. Two complete
camera systems, minus optical packages, will weigh about 41 pounds. A
maximum power consumption of 27.1 watts will be required if both tubes
are operated with one camera in the readoﬁt mode while the other is being
exposed. Operation of a single camera simultaneously in both the expose
and readout modes will reduire less than 23 watts of power.

A reel to reel camera configuration with a storag¢ capacity of
500 frames has been described. Also presented is an electromagneticaliy
focused version of the Electrostatic Camera. Details of these systems
are presented. -

Circuit diagrams and detailed compbnent'board layouts for the
electronics of the camera system have been prepared in order to perform an
accurate power and weight analysis. These circuit drawings along with
circuit descriptions are located in Appendix II.

The next logical step in advancing the Electrostatic Camera
System concept is to develop a demonstration model applicable to future
planetary missions. A developmental program sponsored by NASA is recommended
and appears justified based on the potential capabiiities presented in

this report.

vii
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SECTION I

INTRODUCTION

1.0 GENERAL

The objectivé of this study was to prepare a functional design
of an Electrostatic Camera System (ECS) for possible abplication on an
Outer Planet spacecraft. The design study/involved both a mechanical and
electrical analysis and has resulted in the determination of the size,
weight, power consumption, configuration and performance estimates for
the camera system.

The outer planet missions will be unique in many respects.
Missions will be very long punctuated by brief encounters with the planets
being explored. Data acquisitions must‘generally be stored on board the
spacecraft during these encounters and then transmitted during post
encounter periods. The data gathering system consequently must have a
large capacity, long shelf life and be capable of reliable reactivation
and operation. 1In the baseline imaging system ﬁagnetic tape recorders are
uéed inbconjunction with an electronic buffer to store data received by the
camera. The ECS achieves these tasks by combining the image sensing and
data storage functions into a single operation within the camera head. The
system can simultaneously expose and store a lafge number of pictures
within the camera tube and provide for transmission of the data at arbitrary
times following optical exposure. Mission profile limitations imposed by
the buffer store/magnetic tape recorder are relieved as these components
are no longer required. The Electrostatic Camera System concept appears

highly suited to long missions requiring repetitive visual imaging and
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high capacity data storage.

‘Long planetary missions impose stringent demands on the visual
sensing instruments. The camera systems must be lightweight, consume
little power and produce high resolution pictures over a wide range of
light levels while operating unattended. They must be rugged to withstand
the hazards of launch, radiation and space debris, and must perform
properly within the planetary magnetic environments. This study will
address these requirements and show how they relate to the ECS.

The functional design characteristics and performance requirements
for the ECS have been defined by the Jet Propulsion Laboratory and are
compiled undér Technical Exhibit No. 1 in Appendix I. These requirements,
taken in conjunction with the environmental design characteristics and
restraints covered in TOPS-3-300, were used of the design criteria for this
study. The camera was designed to meet the performance goals established
by these documents. In general, these requirements do not represent the
limiting capacilities of the ECS. The system has considerable flexibility
and can be changed to match a variety of mission requirements. The camera
system can potentially grow with the overall spécecraft system to match’
increased data rates, improved optics, more demanding resolution requirements
and other future needs.

The need for an improved camera system for planetary exploration
is cYearly evident. iCBS Laboratories has a long and continuing history of
successful sensor development for space gpplicationé. The laboratories has
maintained modest, in-house, study programs over the past several yeafs
which closely paralleled the technology required to develop the ECS. All

of the critical concepts of combining image data acquisition and storage
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in one device have been experimentally proven. No new technology is
required. We have the highest confidence that this technological base
of proven concepts and components can be combined to produce the ECS.

The Imaging Science Team, responsible for the visual characteri-
zation of the outer planets, has recognized the need for the development
of the ECS, also called the Dielectric Tape Caﬁera (DTC). The report of the
Imaging Science Team, Part 1, dated February 1, 1972 on the Grand Tour
Outer Planet Missions Definition Phase contains the following two
statements:

"One instrument, the Dielectric Tape Camera (DTC) appears well
suited to the OQuter Planet Missions, although it is still in the early stage
of development. In addition, the camera itself provides long term storage
for several pictures, thereby eliminating the need fbr an auxiliary storage
device such as a magnetic tape recorder. The team believes that the potential
capabilities of the DTC are so great that a vigorous developmental program
sponsored by NASA is justified."

"The DTC would be an ideal choice for the Grand Tour missions
except that it is not a fully developed instrument."

The scope of this study is limited to the preparation of a
functional design for an electrostatic camera. The study was divided
into a number of méjor tasks. First, functional block diagrams of the
systém were prepared which identified and showed the relationship among
the major functioning blocks of the system. A functional block analysis
was then conducted in which the performance of each block was analyzed.

Preliminary configuration drawings of the camera system were prepared.
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With this information in hand, a weight analysis of the system was completed
and an estimate of the parts count obtained. This was followed by an analysis
of the total system power consumption in each of the system's operating modes.
This resulted in a complete characterization of the weight, size, power coh—
sumption, configuration and performance of the camera system.

Additional tasks included trade studieslto identify trade offs between
system weighf, power and storage capacity. Different imaging methods were
also considered. The influence of interference effects were analyzed as
they relate to the performance of the camera system. Finally, our previous

experience applicable to the development of the ECS was reviewed.
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SECTION II

TECHNICAL DISCUSSION

2.0 GENERAL

The Electrostatic Camera is schematically shown in Figure 2.1-1.
An electrostatic image section, storage film and storage film transport are
used to produce, record and store a large number of high resolution pictures
during planet encouﬁters. The stored information can be converted into an
electrical signal a frame at a time by the readout section for transmission

to earth.

2.1 CAMERA TUBE OPERATION

Camera operating functions consist of priming, exposure, storage
and readout. Prior to exposure, a selected portion of the storage film is
moved into the priming position where it is flooded with low energy electroms.
The priming serves to remove previous potential patterns from the storage
surface and to prepare the film for subsequent recording. During exposure
the image section serves to convert optical images into electrostatic charge
patterns on the storage film. The charge pattern generated on the film
surface is the result of electron-bombardment conductivity induced in the
silicon dioxide by high energy photoelectrons. The high gain inherent in
this process is required for high signal-to-noise ratio considerations and
results in quantum noise limited camera operation over most of the desired
dynamic range. The film with a sequence of stored images can be retained for
subsequent reading as desired. During readout, the frame selected for
transmission is moved into the reading position where it is scanned by a

reading beam. The scanning electrons land on the storage target and create
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a secondary electron return beam. The return beam is reflected back to an
electron analyzer/multiplier assembly where a modulated output signal is
produced corresponding to the stored charge pattern. A time varying output
signal of the image is.generated in this mannerifor processing and trans-
mission over the communications data link. The reading process does not

erase and the images may be repeatedly scanned.

2.2 FUNCTIONAL BLOCK DIAGRAM

The preliminary fuﬁctional block diagram, Figure 2.2-1, illustrates
the overall ECS. The basic camera tube is represented by functional blocks
#1 through #8. The camera's optical subsyétem including optical assembly,
cover, filter wheel, shutter, and optics heater, does not constitute a
portion of this study. They are shown in the functional block diagram to
illustrate interfacing functions, but will not be included in the weight
analysis or configuration drawings.

For purposes of description, it is convenient to separaté the
functional blocks pertaining to the various operating modes of the ECS,

namely; exposure, drum transport, and readout or erase modes.

2.2.1 THE EXPOSURE MODE FUNCTIONAL BLOCKS

Operation of the ECS in the exposure mode is required to produce
and record a frame of pictorial information on the storage medium.

The control and conditioning logic matrix, block #33, will receive
and decode all of the appropriate camera commands during exposure. A pre-
liminary list of commands is shown. The control logic matrix will direct the

decoded commands to the appropriate block or control function. It will allow
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independent use of the image section during exposure or the readout section
for power conservation by controlling the power diétribution circuit.

The power distribution circuit, block #54, routes power to only the desired
circuits. The current limiter provides overload protection fdr the spacecraft
power source.

The image section power supply, block #23, provides all of the
necessary potentials to operate the image section during exposure. The
photocathode at -7 KV dc, the focus grid at -6.5 KV dc, and the field
correction lens at -1 KV dc are all controlled by this supply. The anode
coné is at ground potential.

The cover, shutter and filter wheel in the optical assembly will
also be controlled by the control and conditioning logic matrix. Each will
be operated by a solenoid drive and activated by discharging a capacitor bank
into the solenoid windings. The position of each element will be determined
and routed to the measurements processing subsystem.

Exposure can be either automatic or manual. Several different
automatic control systems have been considered. The method used on
Mariner Mars 1971 remains a good choice, but suffers from the limitation that
the exposure is set during the previous frame. The alternative used in this
study sets the automatic exposure while the current frame is being exposed.
The exposure shutter control, block #37, provides a reference signal which
is pr;portional to the charge density required to store a picture. The
average charge density required for proper exposure of the storage medium
remains constant from picture to picture. Whén the shutter open command is
received by the exposure shutter control, it energizes the shutter drive and

starts the exposure. The photocathode current is sensed and amplified by
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block #34, then integrated and compared to the reference signal. When the
integrated photocathode current equals the reference signal, a shutter close

pulse is initiated which ends the exposure.

2.2.2 DRUM TRANSPORT FUNCTIONAL BLOCKS

The storage drum provides a 30 frame expose and store capability.
The drum must be rotated after each frame is exposed. Drum advance pulses
wili come from the control and conditioning logic matrix on command.

Blocks #39 through #41 represent the drum transport circuits.
The drum will be advanced by discharging a capacitof into the drum solenoid
coils. Drum position will be determined using a photodetection circuit
which consisté of five phototransistors positioned opposite five light
emitting diodes. The storage drum which contains a series of coded holes
will be interposed between these detection elements. The drum position
encoder, block #39, receives the binary coded five bit input signal from
the photodetectors and routes the information to the measurements processing
subsystem. The drum position circuitry is designed to be fully automatic,
so that the drum will continue to advance until the desired position is
reached. The drum advance system may be simplified if desired so that each

command advances the drum one position.

2,2.3 READOUT MODE FUNCTIONAL BLOCKS

The ECS must operate in the readout mode in order to transmit
stored pictures. Simultaneous operation in the exposure gnd readout médes
using two frames isrpossiblé.

The readout power supply, block #19, provides dc potentials to the

electron gun and multiplier. The largest voltage is 12KV dc which supplies

10
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the anode. Also supplied are the retard voltage, block #52, and the separa-
tion coil current, block #51.

The scanning system, functional blocks #25 through #32, provides
the dynamic voltages required to readout or erase a single video frame,
depending on the operating mode selected. The scan rates may be varied to
accommodate the various transmission rates and erase mode. The éystem has
been designed to operate at four different transmission rates. The data
rate select clock will generate clock pulses in accordance with the data
rate selected. The sync generator>processes the clock pulses to form blanking
pulses. These are applied to the readout section of the camera during line
retrace. Clock pulses are also fed to the scan generators where 1000 step ramp
voltages are formed at the line and frame frequencies. Class A feedback
amplifiers with a voltage gain of 100 provide the push-pull deflection
voltages which are applied to the deflection plates of the camera tubé.

The video signal processing chain, funqtional blocks'#lé through
#18, is a base band video system chosen because of the narrow bandwidth
necessary for data transmission rates. An alternative considered was a
pulse amplitude-modulation system aé used in Mariner Mars 1971. The video
system consists of a dc coupled video amplifier followed by a gain selection
amplifier. The gain selector has four gain states, one for each of the data
transmission rates. that can be selected. The gain selection switch is required
to coﬁpensate for the differences in signal current and provide a uniform
driving level independent of the transmission rate selected. An optical high
voltage isolator is used to isolate the post amplifier from previous stages.
These stages oéerate at multiplier anode potential to permit dc coupling of

the video amplifier. The post amplifier will provide the final signal

11
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amplification, with sufficient gain to drive the low-pass filter, outﬁut
stage, and A/D converter input at an appropriate signal level. A video

switch following the post amplifier will permit the switching of cameras so
that the readout video from either camera can be directed to the A/D converter
for transmission. The low-pass filter has been provided to attenuate

signal and noise outside of the desired bandwidth. The cutoff frequency of
this low-pass filter will be varied in accordance with the data rate

selected. Finally, an analog video output driver is used to provide a low
output impedance for driving the A/D converter.

Al]l circuits used during readout are also used during the prime/
erase mode. During prime/erase the clock frequency is increased to 36 Kiz.
This reduces the time required to erase a frame to 29.2 seconds. The
electron gun is set at a higher grid drive for more beam current to erase

and prime the storage medium.
2.3 FUNCTIONAL BLOCK ANALYSIS

2.3.1 CIRCUIT ANALYSIS

In order to obtain reasonably accurate weight and power estimates,
each major functional block had to be analyzed in considerable detail. For
each major block a circuit diagram was developed, component board layouts
were prepared, component lists were compiled, and weight and power estimates
»perfoémed. This level of effort went into the preparation of each of.the
following circuits:

A, Low voltage power supply

B, Readout power supply

c. Image section power supply

12
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D. Power distribution and current limiter

E.  Control and conditioning logic matrix

F. Line and erase clock

G. Line or frame rate scan generator
H. Deflection amplifier

I. Video chain

J. Exposure system electronics

K. Filter wheel and drum position

Detailed descriptions of these circuits along with circuit diagrams

and component board layouts are located in Appendix IT of this report.

2;3.2 PERFORMANCE CURVES

An analysis was performed for the ECS to characterize the noise
properties which contribute to the desired exposure/signal-to-noise performance.
The predicted signal-to-noise performance of the ECS as a function of exposure
is indicated in Figure 2.3-1. Curves were calculated using a spatial frequency
of 30 lp/mm, an S-20 photodetector with a sensiti?ity of 150 pA/L, and a
6000°K source.

Startiﬁg with the ideal case where the camera is quantum noise
limited with zero loss of light, noise terms are added in succession until
the entire system is characterized. The upper most curve shows the ideal
photoélectroﬁ signal-to-noise ratio for 1007% light transmission at the faceplate.
The second curve from the top, for photoelectron signal-to-noise with 807%
. iight transmission at the faceplate, reflects the loss in transmission
associated with the fiber optics window. All noise processes which affect

the camera prior to the return beam's entrance into the electron multiplier

13
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contribute to the third curve. The fourth curve illustrates the "flat field"
signal-to-noise ratio for the camera system. Finally, the bottom curve predicts the
Electrostatic Camera Sys;em's signal-to-noise performance for 30 1lp/mm at

20% response. |

Considering the "fiat field" performance of the system, a signal-to-
noise ratio of 50 to 1 is obtained at an exposuré of 4.2 x 1074 ergs/cmz.
Looking at an exposure of 4.2 x 107° ergs/cmz, which represents an apprbximate
dynamic range of 100, the signal—to—noise'ratio is 3 to 1.

Performance limitafions can be improved in several ways. The MTF
limit can be increased by using a larger input format while operating with the
same number of scan lines. However, this will add weight to thé opfical
assembly and tube. An increased MTF at 30 1lp/mm can be obtained by using the

electromagnetic image section approach described in Section 2.7.2.

2.4 ELECTROSTATIC CAMERA CONFIGURATIONS

Preliminary drawings of the proposed configurations for the camera
system have been prepared which include major dimensions. These dréwings
were essential in performing a detailed weight aﬁalysis and in estimating the

parts count.

2.4.1 BASIC CAMERA TUBE

The basic Electrostatic Camera tube design is shown in Figure 2.,4-1.
The front of the tube consists of the image section, with an S-20 photocathode
on a fiber optics féceplate. A focus grid, anode cone, and field correction
electrode are provided for proper image section operation.

A simple storage drum with thirty facets was selected for the

storage section. Facets are 19mm wide to accommodate a 16mm x 16mm format.

15
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These are coated with the silicon dioxide storage medium. Several alternative
storage drum drive mechanisms have been designed. An internal solenoid

drive is shown which activates aﬁ indexing ratchet mechanism when pulsed.

The mechanism is similar in operation to the wide-angle shutter mechanism
used in Mariner Maré 1969. An alternative drivé mechanism considered

utilizes an external stepping motor.

The readout section design is straight forward. It contains. the
electron gun assembly, analyzer/multiplier assembly, the separator coil énd
the deflection and focus electrodes.

Design of the tube housing conforms to standard tube technology
practices. It is made of a combination of stainless steel, Kovar and #7052
glass. Joints conéist of glasszto metal séals‘and heliarc welded metal to
metal seams. High voltages in the readout section are applied through
buttons sealed in the glass envelope. Low voltages are applied to the two
multi-pin stems. An alternate housing design which incorporates a metal
envelope instead of glass is also feasible and will increase the reliability
of the tube. The weight woﬁld be about the same, but high voltage connections
would be more complex requiring insulated feedthroughs. Coﬁcaved dished
flanges were used aé transport section covers in order to reduce the thickness
of the material required. .Convex flanges would be subjéct to buckling
sfresses and require additional thickness. Internal magnetic shielding has
been provided around the solenoid within the tube.

The weight.of the basic unhoused camera tube is 5.9_pounds, and

it contains approximately 258 parts.

2.4.2 ELECTROSTATIC CAMERA HEAD
The Electrostatic Camera head, shown in Figure 2.4~-2, represents the

17
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total package that will be mounted on the scan platfofm'ﬁéf'démera system.

It consists of tHe basic tube, lead connections, and pﬁtting afound all the
high-voltage elements and stems. A magnetic shield shrbudS'thé readout section
‘and protects the tube from magnetic interference effects. A smaller similar
shield is used around the image section. The camera head electronics are
mounted in packages placed on both sides of the storage section. Tube leads
are affixed to these electronic packages using appropriate connectors.

A protective aluminum shield covers the electronic packages and storage
section. Mountings, and connectors for the bus electronics, have been
provided. The éntire camera head weighs 15.7 1bs. and contains approximately
874 parts.

The lower electronics package is showp iﬁ Figure 2.4-3. —It contains
the image section power supply, one deflection émplifier, the exposufg system
electronics, the photocathode pre-amplifier, the drum position circuit, and
filter wheel position circuit. This package forms part of the camera head, .
weighs 2.1 pounds, and contains approximately 267 parts.

The uﬁper electronics package, shown in Figure 2.4-4 is similar.

It contains the readout section power supply, the other deflettion amplifier,
and the video amplifier, This package weighs 2.7 pounds and.contains

approximately 276 parts.

2.4.3 BUS ELECTRONICS

The bus electronics assemEly, Figure 2.4-5, will Be mounted with the
spacecraft electronics rather than on the scan platform. It will supply two
cameras. Contents include the iow—voltage power supplies, the control and

conditioning logic matrix, line or erase clock scan generators, low-pass

18
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filters, and power distribution and current limi;er circuits.

The bus electronics weighs 6.1 pounds and contains approximately
455 parts. The dimensions of the package were arbitrarily selected because
the standard sizes for the spacecraft electronics were not known. The bus
electronics requires 220 cubic inches of.volume. This volume can be packaged

in any reasonable form.

2.4.4 ALTERNATIVE PACKAGING METHODS

The packaging method used for the Electrostatic Camera head
represents only one possible configuration. Ihis approach is shown again in
Figure 2,4-6 in sketch form so that comparisons. may be made. The basic
weight analysis has been performed for this configuration. Basically,
electronic packages are moﬁnted above and below the storage section of the
tube and a protective shield covers the assembly.

This arrangement has the advantage of concentrating material around
the storage tape area. If radiation effects on the storage tape proved to be
troublesome, the additional shielding would result in increased attenuation
of the radiation levels. This consideration is not meant to imply‘that
radigtion will be harmful. To the contrary, we do not anticipate a problem.

Packaging alternative No. 2, Figure 2.4-7, results in a more compact
camera head. Electronic packages have been changed in shape, but remain
equal in volﬁme to the previous alternative. The electronic packages are
mounted on both sides of the readout section aﬁd the protective cover extends
over the entire rear of the camera head. This configuration provides a
compact, stable unit that can be readily mounted to a baseplate. Overall
dimensions are reduced to 4 1/2" high x 8 1/4" wide x 22" long. This

alternative packaging method will weigh 0.4 pound more than alternative No. 1.

23
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Micro-meteoroid protection is optimized over the entire structure by usingr
this design. Strip heaters can easily be mounted to the cover to keep the
camera head at a constant temperature. However, the need for heaters is not
clearly evident. Packaging alternative #2 is the fecommended approach. A
preliminary outline drawing of the package ié shown in Figure 2.4-8.

Packaging alternative No. 3 shown in Figure 2.4~9 can be used to
conserve weight. This alternative will weigh approximately 1.0 pound less
than alternative No. I. Oﬁe large enclosed’eleqtronics package will bévused
as the base for the camera tube. This package offers minimal radiation and
meteoroid protection because of the lack of a protective cover.

There is considerable flexibility in the manner in which the
camera head can be configured. Packaging traae offs are numerous. This
design flexibility can be used to advantage when the optical assembly and
scan platform interfaces are defined. The configuration can then be

optimized to satisfy environmental requirements.

2.5 WEIGHT ANALYSIS

The weight.analysis consisted of a detéiled determination of the
weight of the ECS. Each of the functional block weights were calculated
and an estimate of the parts count was obtained. Estimates for circuit
weights were obtained from the detailed circuit diagrams shown in Appendix

II. A summary of these weights follows on the next page.
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ELECTROSTATIC CAMERA WEIGHT SUMMARY

Camera Head
Basic Camera Tube
Magnetic Shielding
Electronic Package #1
Electronic Package 2
Cover, Mountings, Misc.

Total for Camera Head

Two Identical Cameras
Camera Heads
Bus Electronics.
Cables

Total Two Cameras

2.6 POWER ANALYSIS

5.9 1bs.
2.4
2.6
2.1
2.7

15.7 1bs.

31.4 1bs.

The total Electrostatic Camera System power

determined for each of the system's operating modes. Power requirements were

estimated from the detailed circuit analysis.

analysis follows:

ELECTROSTATIC CAMERA POWER SUMMARY

Camera Functional Mode

Cruise (off)

A Expose

B v off

é% LABORATORIES

Parts Count
258 parts
37

267

874 parts

1,748
455
4 assy.

2,207 parts

consumption was

+

A summary of the power

Power

0.3 W

10.8 W

29
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ELECTROSTATIC CAMERA POWER SUMMARY, Continued:

Camera Functional Mode Power
A : Readout 18,1 W
B Off

A Expose 19.8 w
B Expose
A Readout and Expose 22.8 W
B _ Off
A Readout 27.1 W
B Expose

Cameras can be operated singularly, alternately or both simul-
taneously. A single camera can be operated in the readout aﬁd expose ﬁodes
simultaneously. The only impossible combination would be to readout both
cameras at the same time, however this is a limitation of the transmission system.
Power consumption for the practical operating combinations have béen showﬁ., The

erase mode power will be identical te the readout power requirement.

2.7 TRADE OFF STUDY
Selected trade studies were conducted to identify trade offs between
weight, power, format size, storage capacity, and system complexity. The

affect on performance was determined for several special cases.

2.7.1 500 FRAME CAMERA SYSTEM
The storage drum concept provides.avgood simple design for the

Electrostatic Camera up to about 50 frames of 16mm x 16mm format size. ‘Beyond

30
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this storage capacity alternative storage filﬁ transport systems appear more
attractive, particularly from a weight and size viewpoint. A reel-to-reel,
500 frame capacity camera system has been analyzed in this study. A reel-to-
reel system configuration is more complex than a simple drum system. The
reliability and quality control aspects of the design would be more demanding.
One possible configuration for a 500 frame electrostatic camera
tube is shown in Figure 2.7-1. Only the transpért section differs. from the
30 frame drum version. The tape is loaded on a supply reel and transferred
to a take-up reellbetween exposures. The reels are held under constant
tension by tension spring drivers. The storage tape consists of a .002"

thick stainless steel substrate on which the Si0, storage medium is coated.

2
A bi-directional stepping motor drives the storage tape in either direction.
Idlers are required to keep the tape flat at the exposure and readout poéitioﬁs.
A spacer tape is required between layers of the coiled film to keep the
surface from being discharged during storage.

The basic tube shown weighs 9.4 pounds and contains approximately
294 parts. Overall dimensions of the tube are 7 3/16" high x 8" wide x
21" long.

The 500 frame camera tube can be packagéd into a camera head as
shown in Figure 2.7-2. Magnetic shielding has béén provided and all leads
are potted as was done with the 30 frame bamera. - Electronic packages will
be mounted on both sides of the readout section, and the entire assembly will
be encased in a protective support shield. Overall dimensions of the camera‘
head are given. |

The power and weight of the reel-to-reel camera system will now be

summarized and compared to the drum type camera.
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STORAGE CAPACITY TRADE OFF SUMMARY

Drum Camera Reel-to-Reel Camera

Weight (30 Frames) (500 Frames)
Camera Head 15.7 20.0
Electronics, Cables 6.7 6.7

22.4 1bs. 26.7 lbs.
Two Camera Heads 31.4 40.0
Electronics, Cables 9.1 v 9.4

40.5 1bs. : 49.4 1bs.
Power
Camera A Expose - 10.8 W 11.5 W

| Camera B Off
Camera A Readout 18.1 W 18.5 W
Camera B Off
Camera A Expose 19.8 W - 20.5 W
Camera B Expose
2.7.2 ELECTROMAGNETIC FOCUS CAMERA

A trade off study was performed in which an electromagnetically
focused camera was anélyzed and compared to the performance of the electro-
statically focused camera system.

For this camera configuration an electromagnetic image section
replaces the electrostatic image section. figure 2.7-3 illustrates the input
end of a camera utilizing electromagnetic focusing. The electromagnetic image

section contains a flat window instead of a curved fiber optics faceplate. It
34
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consists of a series of flat electrodes connected to a voltage divider net~-
work. These electrodes provide a uniform electrostatic field which accelerates
the photoelectrons from the photocathode to the storage drum. An axial mag-
netic field must also be provided to focus the photoelectrons at the.storage
surface. This field is generated by the external electromagnetic focus coil.

The advantages of using a magnetically focused camera mainly reiate
to improved performance. The modulation transfer.function of the magnetic
image section is 957 response ;t 30 lp/mm compared to 30% response for the
electrostatically focused image section. Because of thé improved image
section performance, the overall camera MIF is inéreased to 677 response at.
30 1p/mm as compared to 20% for the electrostatic case. Elimination of thé
fiberoptics faceplate and its associated transmission losses effectively
increased the quantum efficiency by 20 to 25 percent. Exposure times can
be correspondingly shortened. This in effect reduces smear caused By image
motion. Image distortion caused by the magnetic image section is minimized
becaﬁse of the parallel electrode configuration and the orthogonal nafure
of the electrostatic and magnetic fields.

Disadvantages of using magnetic focusing are primarily associated
with the magnetic field producing component. An electromagnetic focus coil
adds considerable weight to the camera system and requires additional power.
The design shoﬁn wéighs 7.9 pounds and consumes 11.8 watts. .In addition,
the shielding of stray magnetic fields radiating from the image section
becomes more difficult.

The weight and power totals for the electromagnetic focus camera

will now be summarized and compared to the electrostatically focused camera.
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IMAGE SECTION TRADE OFF STUDY SUMMARY

_ Electrostatic Focus Electromagnetic Focus
Weight Drum Camera : Drum Camera
Camera Head _ 15.7 22.4
Electronics, Cables 6.7 7.9
22.4 1bs. 30.3 1bs.

Two Camera Heads 31.4 44.8
Electronics, Cables 9.1 11.7

: 40.5 lbs. 56.5 1bs.
Power

Camera A Expose 10.8 W 22.6 W
Camera B Off

Camera A Readout 18.1 W 18.1 W
Camera B Off

Camera A Expose _ 19.8 W 44,7 W

Camera B Expose

Many trade offs are possible with the electromagnetic design. The
weight of the focus coil can be reduced at the cost of more power. This can
be accomplishéd by changing the form factors (major dimensions) of the coil.
Another trade off is based on the conductor material. If aluminum rather than
a copper conductor were used, the weight would decrease by a factor of 3.2
while the power would only increase by a factor of 1.7.

A permanent magnet focus assembly can_also be used instead of an
electromagnetic coil. No power would be required for this system. The

weight of a permanent magnet focus coil will be slightly less than an
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electromagnetic coil which uses copper as a conductor. The major
disadvantage of a permanent magnet system is that it cannot be turned off.
However, a well designed magnetic sheild may offset this disadvantage by

attenuating the stray magnetic field.

2.7.3 FORMAT SIZE

The design configurations described so far all were concerned with
a 1émm x i6mm'format size. A decrease in‘format size offers little advantage
as the weight of the system goes down slowly as a function of frame area.

An increase to a 24mm x 24mm format results in little extra weight,
but buys a lot in performance as more lines can be added due to the increaée
in format size. Only 22 frames of this format size can be packaged onto a
7" diameter storage drum. A 10" diameter drum will be required to accommodate
30 frames of information. Beyond 30 frames, the reel-to~reel type'transport

should be considered for a 24mm square format.

2.8 INTERFERENCE EFFECTS

The environmental design characteristiés and restraints covered
in TOPS~3-300 provided a basis for the design of thé ECS...The camera system
must survive the radiation and vibration envirénments specified and be able
to operate in the stated thermal and magnetic environmenté. Emphasié.durihg
this task was blaced on magnetic interference, meteoroid protection, and the

radiation environment.

2.8.1 MAGNETIC INTERFERENCE
The magnetic interference enviornment encountered during an Outer
Planet mission imposes a number of design requirements on the camera system.

Electromagnetic shielding must be provided so that camera system functions
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vwithin tolerable limits. Ihe primary requirements of this study are:
First, that the camera performs satisfactorily in a maximum magnetic field
of 30 Gauss at Jupiter encounter. Second, that the camera system's static
magnetic field will be limited to one gamma at 3 feet after exposure to

25 oersted. Finally, that the dynamic magnetic fields from DC to 200 KHz
generated by the camera system are attenuated to specified levels.

The design approach was to usé several nested shields around the
critical camera components for optimum proteétion. A computer program was
written to solve the design equations for nested shields. The analysié was
performed in considerable depth for a range of material thicknesses‘and
system transformer locations. Calculations were made to determine attenuation
factors, raster displacement, degradation of eleétron beam spot size,
optimum material thickness, and the magnetic field strength at 3 feet from
the system. Both static and dynamic magnetic fields were factored into the
study.

The optimum solution resulting from this work indicated use of
a nested shield consisting of an inner layer of .020" thick Hypernom, with
an outer layer of .020" thick Hyperco 50, separatéd by a .010" thick aluminum
spacer. Both magnetic shielding materials are produced by Westinghouse.
This combination of materials resulted in a magnetic field attenuation of
300 or 49 db. Satisfactory operation of the camera will result using this
shielding, both static and dynamic fields will be adéquately attenuated.

The shielding design is expected to satisfy the residual field requirement.

2.8.2 METEOROID PROTECTION

Protection of the camera system from meteoroid penetration was
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considered. Preliminary calculations were based on meteoroid data iﬁ TOPS-3-300,
material perforation fbrmulas for single-walls, and Poissons distribution to
determine the probability of no penetrations oﬁcurring.

The degree of protection obtained is largely dependent on the
packaging configuration selected. Consider packaging alternative No. 1
shown ip Figure 2.4-6, this configuration has a probability that no pene-
tration; will occur of greater‘than 99.47%. Meteoroids with a mass greater
than approximately 10_4 grams, however, could penetrate portions of the
system,

Packaging alternative #2, Figure 2.4-7, offers additional protection
as it forms a double shield which is much more effective than a single Qall.
Meteoroids of 2.1 x 10_3 grams, the largest méss listed in TOPS-3-300, should
be stopped by the system without affecting performance. This alternatiﬁe
offers the best meteoroid protection.

Packaging alternative‘#B, Figure 2.4-9, offers only a 96%
probability that no penetration of the camera system will occur. Meteoroids
weighing more than 107 grams could penetrate the .020" thick exposed

camera envelope.

2.8.3 THE RADIATION ENVIRONMENT

Radiation effects on materials used in space have been thoroughly
documented in the literature. The literature will not be rehashed here,
although a considerable amount of effort went into reviewing radiation
effects.

The effects of radiation on the ECS should be very similar to the

SIT vidicon camera system. Both camera systems contain essentially the same
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type of materials and electronic components. The only significant difference
of interest is that the Electrostatic Camera has a Si0, storage target. In
reviewing the radiation literature to determine the effects on the storage
medium, several conclusions were formed. First, that radiation may tend to
partially discharge the storage tape. Howevef, no permanent damage of the

dielectric will occur. The Si0, storage surface can be returned to its original

2
state by simply repriming the surface.

The question considering the effect of radiation on the storage
film cannot be fully answered without conducting an experimental study.
Nevertheless, we do conclude that the discharging effect may not be signifi-
cant. Radiation fluence during the storage period will be low compared to

the total mission fluence. In addition, some radiation shielding will be

provided to protect the storage surface.

2.9 APPLICABLE PREVIOUS EXPERIENCE

The purpose of documenting applicable previous experience related
to the ECS will be to aid in determining the status of CBS Laboratories'
technology and to help identify areas which may require additional expertise
to develop the camera system. Applicable previous experience in the design,
fabrication and testing of the major functional blocks such as fhe image
transport, readout, and electronic control sections will be described.

CBS Laboratories' qualification to successfully develop and fly
space qualified subsystems can best be demonstrated by citing the Lunar
Orbiter series of space probes. The CBS Laboratories Scanning Subsystem
was used successfully in all five Lunar Orbiter Missions with a resolution in

excess of 100 1p/mm with extended dynamic range. The Reconotron, an electro~
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static image dissector tube, was developed for the Jet Propulsion Laboratory
and used as a Canopus Star Tracker. The most recent missions on which the
Reconotron was used were Mariner VI and VII. The Reconotrons, even after

19 months of deep spaée flight, functioned successfully, holding the roll
axis of the craft stable by locking on the star Canopus. In addition,

CBS Laboratories has developed many aerospace qualified subsystems including;
éhotomultiplier tubes, laser image.recorderé, the JIFDATS Image Transmission
Subsystém, and various film processors.

Previous experience related to image section development has been
extensive. Electrostatic image sections have been used in our Reconotron
image dissectors and Lumatron storage tube. Image sections similar to the
one proposed for the ECS had been constructed in the laboratories for.imagé
intensifier programs in the early 1960's. Electromagnetic focusing sections
have also been developed and used with the Linotron, a multiaperture
image dissector used in photocomposition systems; the Luxicon, a low light
level storage tube; the Retentatron storage tube, and special Reconotrons.

Storage section development includes both storage tape and trénsport
drive related experience. Many in-house programs have been conducted
related to SiO2 storage properties, aging studies, and the deposition of
uniform coatings. No further storage tape development is required, héwever,
experiments should be performed to determine radiation effects. The Reconotron,
is an example of a line scan tube which contains a continuous loop flexible
dark trace storage unit with an SiO2 target. Experience with drive
mechanisms can be illustrated by pointing out that the Lunar Orbiter line
scan tubes contain a rotating drum, bearings and dry-film lubricant. Our

electronic video recorder uses a continuous motion drive, and the ERTS
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recorder contains an accurate servo controlled drive mechanism. The design
of the transport section of the Electrostatic Camera is straight forward and
should not present any new problems.

In-house readout section studies have received strong support for
many years. Studies have included readout beam separation techniques,
electron analyzer/multiplier studies, and the experimental evaluation of -
readou;ysection performance. Readout section components have been used in
electronic video recorders, the Lunar Orbiter, Graphotron (CRT modules),
and special line scan tubes. Elec%ron beam technology is one of the areas of
strongest experience. A readout.section for an electrostatic camera will
represent a scaled down versions of existing designs.

A large number of electronic systems have been developed by CBS
Laboratories including; the Lunar Orbiter Phototransmission System, the
JIFDATS Image Transmission Subsystem, Lasér Image recorders for airborne
use, electron beam recorders, the Linotron Photocomposition System and many
others. Qur Electronics Systems Group has extensive experience with
electronic system development. Circuitry for the ECS will have to be

developed, however, experienced personnel and facilities are available.
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SECTION III

CONCLUSIONS

3.0 GENERAL

A functional design of the ECS has been prepared which when
developed should exceed most of the requirements of Technical Exhibit #1
and TOPS-3-300. The camera system will resolve 1000 lines x 1000 pixels at
a minimum of 207% response over a dynamic range of greater than 64:1. At an
exposure of 0.04 ergé/cm2 the signal-to-noise ratio will be 50 to 1 or
greater. The camera system will provide at least 30 frames of storage which
méy be retained for many weeks before being transmitted. The stored-
information may be repeatedly scanned without degradation.

The electrostatic camera head can be packaged within a 4 1/2"
high x 8 1/2" wide x 22" long volume, and will weigh approximately 16
pounds exclusivé of the optical assembly. Two complete camera sysfems,
minus optical packages, will weigh about 41 pounds. A maximum power con-
sumption of 27.1 W will occur if both tubes are operated with one in the
readout mode while the other camera is being exposed.‘ A single camera
operating simultaneously in both fhe readout and expose modes will consume
less than 23 watts of power. The weight and power profile of the ECS appear
to be in line with preliminary baseline objectives for an outer planet
mission.

A reel-to-reel camera configuration will allow the'storage
capacity to increase to 500 frames. The weight of two systems minus the
optics assembly will be approximately 50 pounds. Power consumption will be
slightly higher than for the drum storage design. The reliability and quality
control aspects of the reel-to-reel design would be more demanding because

of the added transport section complexity.
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An electromagnetiéally focused version of the Electrostatic Camera
System is also feasible and would provide superior performance. The overall
camera MTF will be increased to 677 response at 30 lp/mm. The system will
operate at a 20 percent higher quantum efficiency and perform with less
image distortion. The system's size will be comparable to the electrostatically
focused case but will weigh more and require additional power to drive the
focus coil. Two complete systems without optics will weigh about 57 pounds.
Approximately 45 watts will be required to operate two caméras in the expose

mode simultaneously.
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SECTION IV

RECOMMENDATIONS

4.0 GENERAL

1. The next logiéal step in advancing the Electrostatic Camera
System concept is to develop a demonstration model applicable to future
planetary missions. A developmental program sponsored by NASA appears
justified based on the potential capabilities presented in this report
and the beliefs of the Imaging Science Team.

2. The development of a demonstration camera with a drum store
of 30 frames is recommended initially for simplicity and economical reasons
as opposed to a reel-to-reel configuration. The requirements of Technical
Exhibit No. 1 will be an excellent basis for establishing the performance

specifications for a demonstration camera system.
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SECTION V

NEW TECHNOLOGY

5.0 GENERAL

The contents of this report presents a functional design study
for an Electrostatic Camera System. Nd reportable items of new technology
have been identified. This program did not contain a hardware development

phase.
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Contract No. 9553301
Technical Exhibit No. 1
29 September 1971
Rev. A. 15 December 1971
OPGT
ELECTROSTATIC CAMERA

FUNCTIONAL DESIGN STUDY

Introduction -

This document describes the functional characteristics, requirements,
and modes for a dielectric tape imaging system/data storage unit, for
possible application on an Quter Planet spacecraft. It is the intent
of this study to result in'a functional design and mechanical and
electrical analysis for usch a system. Due to severe weight and life-
time constraints, it is essential that the contractor seek to minimize
system weight and to maximize system reliability.

Functional Description of Dielectric Tave Imaging System

A. 2 bore-sighted identical cameras

B. Format size: 1000 lines x 1000 samples at the sémpling frequency
corresponding to 20% response on the sensor MTF.

C. Spectral response: .35 - .8u (107 response points)
D. Storage: 30 frames
E. Storage time: 1 week

Functional Requirements

A. Environmental - The system shall be capable of meeting the environ-
mental requirements specified in TOPS-3-300. The system shall
be required to survive the vibration and radiation environments
specified and shall be required to operate in the stated thermal
and magnetic environments.

B. Exposure/Signal-to-Noise - It is desirable that at 60 scan lines/
mm, the system exhibits the following exposure/noise properties
when exposed to a 6000 degree K light source.

Exposure Signal-to-Noise
-2 2
4.2 x 10 © ergs/cm 50 to 1
4.2 x 10”4 ergs/cm2 5tol
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Contract No. 953301
Page 2 of 4

29 September 1971

Rev. A, 15 December 1971

C. Dynamic Range - At any fixed exposure setting, the science
imaging subsystem shall provide a dynamic range of 64:1 in
radiance as exhibited by the ability to distinguish at least
13 grey levels separated by /2 in radiance in a single frame.

D. Photometric Accuracy

Relative - The video data returned by the science imaging sub-
system shall be such that using only real time ground calibration
and processing*, it is possible to measure the relative radiances
of two extended objects in the same frame to a 1o error of less
than 20% of full scale. With subsequent processing, it shall be
possible to reduce this uncertainty to 2% of full scale.

In order to meet this photometric accuracy requirement, the
science imaging subsystem may be required to provide for in- fllght
flat field calibration of system response.

E. Coherent Noise - Coherent Noise is that due to EMI or other sources
which is correlated from pixel to pixel within a frame. The peak-
to-peak amplitude of coherent noise shall not exceed 5% of full
scale video, and shall not limit the ability to meet the photometric
accuracy requirements of Section D.

F. Quantization Levels - The analog video signal shall be quantized
by an equal increment encoder hav1ng a resolution equivalent to
7 binary bits.

G. Residual Image - The science imaging subsystem shall be free of
residual images to the extent that a full scale black to white
transition occurring in any one frame not appear in any subsequent
frame (after priming) with an amplitude exceeding 37 of full scale.
After three frames and for all subsequent frames, the residual
image shall not be detectable above the random noise level.

H. Geometric Accuracy - The data returned by the science imaging
subsystem shall be such that, using only real time ground process-
ing and calibration, it would be possible to measure the distance
between any two points within a single frame with a maximum 1o
error of 5% or their true separation of 5 pixels whichever is
larger. It shall be possible with subsequent processing to reduce
this uncertainty to 1% or 1 pixel (lo).

* For these purposes, real time processing is used to denote that which is
performed within 1 hour or receipt of the transmitted video.
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Contract No. 953301

Page 3 of 4

29 September 1971

Rev. A. 15 December 1971

In order to meet this requirement on geometric accuracy, the
science imaging subsystem shall include a system of reseau
marks in the plane of the optical image.

I. Frame Time - Each camera shall be able to expose a frame within
5> seconds of the end of its previous exposure.

J. Number of Frames - The science imaging subsystem shall be
capable of returning the following minimum number of frames at
each planet:

Planet Minimum Number of Frames Returned
Jupiter 4500
Saturn 3000
Uranus 1000
Neptune 1000
Pluto 600

K. Lifetime - The science imaging subsystem-shall be designed to meet
the following lifetime requirements:

Mode - Lifetime
Storage 12.4 years
Standby 4500 hours
Operating 2400 hours

In standby mode, operating environment will be maintained.

L. Design Reliability and Redundancy - In order to meet the extreme
lifetime requirements of paragraph K, maximum use of design
reliability, redundancy, and functlonal 1ndependence, consistent
with weight and power constraints, shall be used.

M. Exposure Control - The system shall have a shutter (mechanical
or electric) which provides a range of exposure times from 5
milliseconds to 10 seconds. There shall be 2 modes of selecting
exposure time: (1) algorithm, and (2) manual. Algorithm control
shall use the actual scene radiance to preset the exposure.
Manual control shall execute specific shutter times commanded
- either from the spacecraft computer or transmitted from the ground.
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Contract No. 953301

Page 4 of 4
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N. 1Interfaces
1. Electrical - functions commanded remotely

(a) Power on/off v

(b) Dark current measuremen

(c) TFilter wheel advance and filter wheel selection

(d) Automatic/manual exposure mode selection

(e) Manual exposure time

(f) Shutter v

(g) Readout start/stop, resolution selection, data rate
selection

(h) Line start/stop

(i) Priming start/stop

(j) Shutter reset (for mechanical shutter only)

2. Optical’'- the image plane shall be flat to +.0lmm.

0. Safety Considerations ~ High voltages present within the science
imaging camera heads will not present a safety hazard when fully
assembled. Possible use of radiation activated phosphors will
not present a safety hazard to spacecraft or operating personnel.

IV. Functional Modes

A. Exposure/record

B. Multiple readout at various sensor resolutions and at the following
data rates: ' ‘

(1) 13000 bits/second
(2) 3000 bits/second
(3) 800 bits/second
(4) 400 bits/second
C. Priming
D. Transport
E. Consecutive single camera operation

F. Alternating two camera operation

G.  -Simultaneous shuttering of both cameras
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APPENDIX II

1.0 BASIC ELECTRONIC SYSTEM CONSIDERATIONS

The electronic system proposed for operation of the Electrostatic
Camera Tube represents a'preliminary system design prepared primarily for
the purpose of system weight, volume, aﬁd power determination. It should
»bé treated as a reference system required to implement this study and not
‘construed as the optimum design. Many alternative circuit designs may prove
" superior upon subéequent detailed analysis.

| The design represents a complete camera system which may be
remotely programmed by digital commands. Emphasis was placed on utilizing
digital techniques and iinear integrated circuitry wherever practical to
minimize the discrete component count. It is recognized that in the final
hardware design, space qualified components will be required and therefore,
no attempt has been made to apply LSI techniques. Low power TTL logic was
selected because of the relative low speed of the system and for minimum
power drain., Most operational amplifier and transistor applications in the
system are not critical as to frequency response or voltage breakdown so
that space qualified equivalént components are readiiy évailable.

Weight and powefiestimates for components are bésed on the
manufacturer's sﬁecifications. Board weight estimates are based on 1/32
inch G10 material with 1 oz. copper circuits. Estimates for transformer
shielding andvcircuit board potting weights have been included with the

electronic packaging details.
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2.0 READOUT SECTION POWER SUPPLY

The readout section power supply, drawing #9? provides the
potentials necessary to operate the camera in both the readout and erase
modes of operation. The supply consists of tw§ fﬁll wave bridge rectifiers
developing -200 volts and +4250 volts. The 12KV anode potential is produced
by a voltage quadrupler which is floated on the +4250 volt supply. This
effectively reduces the voltage requifed from_the bridge circuit and also
allows the anode and focus voltages to track one another. An optically
coupled regulation circuit is employed to insure tracking of the voltages
keeping the tube in focus. If the 4250V supply voltage increases, more
current is supplied to the LED by Ql4 and its light output increases. This
in turn, causes phototransistor, Q13, to conduct more current increasing
the 12KV output proportionally,

The 4250 volt output voltage supplies the operating potential
for the DC coupled deflection amplifiers which provide the focus voltage
and represents the largest powér drain from the supply. Since the deflection
amplifiers are constant current differential amplifiers and the reﬁainder
of the readout tube is essential constant current, load regulation is not
a cirtical parameter in ﬁhe supply. Input line regulation is provided by
another optically coupled regulator. Again, an increase in supply ouﬁput
voltage causes aﬁ increase in the light output which causes Q2 to conduct
more current. This effectively shunts some of the base drive current for
Ql. Aé this drive éurrent to Q1 decreases, it causes a large Vce drop

across Ql which reduces the applied voltage to transformers Tl and T2
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causing their output voltage to decrease. This circuit therefore
regulates the output voltage of the readout power supply against changes
in the 50V, 4800 Hz, input supply and also changes in the output caused
by load variations. The -200 volt suppiy is employed as the regulator
reference as it pfovides the cathode current to the tube. Therefore, the
regulator will be sensitive to changes in tube current. It is estimated
that this type of regulation system will provide line and load regulgtion
in the order of 0.5 to 1.0 percent depending oﬁ the gain in the feedback
loop. The LED and phototransistor may be supplied as a prepackaged unit or
as separate components’which is necessary for the 12KV regulator because
of the voltage isolation required. 1In either case, careful design will
be required to provide stable output voltage lévels over the operatiﬁg
temperature range.

The readout section requires different grid, cathode, and
analyzer retard potentials depending on the data rate or erase mode
opération. Transistor switches Q4 through Q12 provide the potential
changes necessary for the various operating modes by changing the divider
voltages supplying the tube elements. For example, all switches may be
on for the erase mode. Different switching combinations will be used for
the various data rates. The control and conditioniﬁg logic matrix provides

the correct drive signal for these switches depending on the operating mode.
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3.0 IMAGE SECTION POWER SUPPLY

The image section power supply, shown in drawing #1, provides
all the necessary potentials for operation of the image section in the
exposure operating mode. The basic power supply is a full wave bridge
voltage doubler supply. Regulation of the supply is accomplished with
an optically coupled regulation stage whose operation is identical to the
line-load regulation system employed in the readout supply. Regulation is
in the order of 0.5 to 1.0 percent.

Initial system concepts indicated that.electronic shuttering
would be possible by controlling one potentiai in the image section or
by switching the image supply on and off as required by the exposurevtime.
. This concept was abandoned in favor of the mechanical shutter system
because of the problem of conﬁrolling the rise.and fall time of the high

voltage developed by the image supply.
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4.0 | LOW VOLTAGE POWER SUPPLY

The low voltage power supply is shéwn in drawing #7. The +5,
+13, and -15 volt supplies for the camera are regulated by three separate
switching regulators operating at about 20KHz. Switching regulators were
selected because of their higher efficiency as compared by conventional
series régulators. Integrated regulators UA 723 are used for the regulating
device. A stable zener diode contfols the refe;enge voltage outputs used
for the LED regulation circuits employed for regulation of other power
supplies. |

A capacitor bank is used to store energy to drive the various
solenoid circuits. The capacitor bank is charged to 50 volts by a half
wave rectifier, storing energy of about 2.7 joules. This is an arbitrary
selection, the final selection will be made to conform with system require-
ments as determined by shutter, drum, and filter wheel solenoid designs.

Both the readout filament and separation coil are energized with
the low voltage.supplies. This adds about 4 watts to the expose mode
operation that could be eliminated if the miséion profile indicated
expose and readout modes at entirely different time periods. These devices
remain energized to improve operating stability. This may not be necéssary as
long as there is a short warm-up period for the readout mode.

Regﬁlation of the separator coilvcurrent is critical with
estimated regulation‘of 0.05% being required. Again, the optically coupled
regulator will be employed with R46 performing the current sensing. R&46 and
the regulator will have to be carefully designed to obtain the required

regulation accuracy.
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5.0 POWER DISTRIBUTION AND CURRENT LIMITER
A power distribution and current limiting system will supply
each camera so that an overload condition iﬁ one camera will not disable
‘the other. The circuit, shown in drawing #6, supplies all of the 50V,
4800Hz power to the camera. Transformer T2 supplies the DC power necesséry
for the current limiter and those‘circuits required to energize the system,
The circuit operates when the cameralhon” command is received,
causing Q9 to.close the telay and apply power to the camera system. The
current flowing into the camera system is detected by transformer Tl and
its output is rectified and becomes the non-inverting input to operational
amplifier Ul. Normally, the reference voltage applied to the inverting input
of Ul holds Q7 nearly off and little light is emitted by the LED. The gain
of Ul is made large so as to make it operate as.a comparator. When an
overload condition exists, the output of Tl increases and causes Ul to
turn on Q7. The LED light output causes phototransistor 06 to shunt the
base drive to Q3 which then becomes a high impedance in the 50V 1inelfeediﬁg

the camera. The‘time constant of R6 and C, is made long since this method

1
of limiting is oscillitory in nature. As Q3 reduces the current, the

output from T, decreases and would allow Q7 to turn-off except for the long

1
time constant. Eventually, the voltage Cl decays power is again applied

to the camera. If an overload still exists, the cycle will repeat.
Monitoring of camera low voltage by the measurements processor will
detect this condition and allow the camera to be shut down.

Because the power consumption of the camera is different
depending on its operating mode, the required éomparison voltage for Ul

is altered to set a different overload current limit for each mode.
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Transistors are employed in the bridge circuit to maintainvthe correct
voltage polarity on Q3 in order to reduce the power dissipétion. The Vce
drop for transistors is iess than that of silicon diodes.,

A simple overload indicator could be employed in place of the
limiter if temporary overloads can be tolerated;. Transformer Tl can be
placed in series with the camera load, its output rectified, and processed
- by the measurement processor for monitoring. An overload would produce an
abnormally high output voltage and the camera could be automatically or

manually de-energized.

13
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6.0 DRUM POSITION SYSTEM

The drum position system and.filter position system, drawing
#8, are identical in operation. The only significant difference is the
number of positions required and therefore the number of bits required
to establish the position. |

The system employed is designed to be fully automatic sb that

once a new position and drum advance command is received, the drum

advances until the new position is reached. The drum position code from
the control & conditioning logic matrix (CCLM) is fed directly into a 5-
bit comparétor. The drum advance command provides a‘repetitive pulse
train to the drum position circuit. Thé repetition rate is such that the
drum is capable of advancing one position betweeﬁ pulses. This pulse resets
the drum position memory. The delay multivibrator switches on the position
.LED's of the drum encoder. The output from the corresponding photodiodes
is entered into the position memory. This information is then compared
by the comparator to the command position code. When the codes ére different,
the outpuf gating is such that thevpulse from the second delay multivibrator

switches on the drum driver to advance the drum one position. At this

time, another pulse occurs on the drum advance line and the sequence is
repeated uﬁtil the command code and the drum position code are identical.
When this occurs, no pulse is applied to the drum Ariver switch. A.coﬁmand
is returned to the CCIM which resets the drum édvance latch. The position
of the drum is critical to system operation, so its code must also be

returned to the measurement processor.

The drum advance system may be simplified so that each commahd
from earth advances the drum one position. This would delete the comparator
and position gating. A drum advance pulse would simply energize the drum

driver and then energize the position encoder to establish the new position

information in the memory for the measurement processor

16
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7.0 EXPOSURE SYSTEM

The exposure system in drawing #10 provides two separate modes ef
operation. In the automatic mode, the photocathode current of the image
section is amplified and integrated. The output of the integrator is
then compared to a reference signal and when they are equal, the shutter
is closed. Since the integrated photocathode current is proportional.to
light eﬁposing the photocathode, an automatic exposure level is established.
The reference would be precalibrafed to match the average charge density
required to record an image on the storage tape during exposure. In the
manual operating mode, the exposure system receives a digital cemmend'Which
is coded in accordance to pre—-selected exposure times. When the shutter
exposure time is complete, the shutter closes automaticaliy.‘ An over-
riding shutter close command is available to permit ground control of
exposure time in the event that there is'a malfunetion of the otﬁer systems.

The exposure mode start/stop command energizes the image section
power supply. In the automatic mode, the ramp generator is heid off so
that the manual comparator is not operational. Where the exposure start
command is received, it is converted into a pulse by the delay multivibrator
of proper width to energize the shutter solenoid. Simultaneously, this
pulse energizes the photocathode preamplifier by setting the preamp memory
circuit and also energizes the current integrator. The photocathode pre-
amplifier is essentially identical to the video preamp in that it operates
at the photocathode potential (-7KV) and employs optical H.V. isolation.

It does not require any gain control. The post ampliifer provides enough »

gain to drive the integrator. The intergrator output and the exposure

19
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reference are compared.

When the exposure reaches the reference level, the comparator
output causes the delay multivibrator in the shutter close circuit to
develop a pulse closing the shutter. The comparator output also resets
the preamp memory which de-energizes the preamp and resets the integrator.
A signal from the shutter close operatibn goes to the CCLM to reset the
expose latch so the system is ready for the next expose command.

In the manual expose mode, the shutter open and close operation"
is identical to the automatic, the difference being in how'the shuttef
close pulse is derived. When the manual mode is selected, the ramp generator
is set to operate and the preamp memory is.heid in the off setting. The
exposure start pulse causes the rémp generator to start the ramp. The
pefiod of the ramp is longer than the lbngest exposure time. 'The digital
exposure time command has been converted by the D/A converter into a DC
reference level. When the ramp voltage reaches the reference level, the

shutter close command is obtained and the shutter closes as before.

20
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8.0 CONTROL AND CONDITIONING LOGIC MATRIX

Since the parameters of the spacecraft command system are
undefined, as well as the number of command bits available for the camera
system, the input commands have been selected to provide for the.most
flexible operation of the Electrostatic Camera. Design of the Control
and Coﬁditioning Logic Matrix (CCLM), drawing #11, provides independent
control of the image section and readout section power supplies for mode
control and powef conservation. The CCLM allows consecutive single camera
operation, altérnating two camera operation, and simultaneous operation
of the cameras. All combinations of camera mode operation are possible
with the exception of simultaneous readout from both cameras.. A.thorough_
analysis of the mission profile may preclude the necessity of some of
these optional operating modes, and therefore, permit specification of
the control system.

For the design of the CCLM, it has been assumed that parallei
data will be provided at intermittant or low data rates. Therefore, all
data is fed into latches for temporary mémory between data updates. The
data could be provided in coded serial format. This would require the
addition of decbding and serial to parallel conversion in the CCLM. Overall
system considerations will dictate the actual cbmmand interface and is
beyond the scope of this study.

The CCLM will receive and decode all of the camera commands and
direct them to the appropriate circuit. The command system as designed

requires a maximum of 42 bits. Some of these commands are redundant in that

24
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they could be made automatic. A listing of camera system commands and

the number of bits'required follows:

TV Power, ON-OFF , - 1-bit
Lens Cover, Open-Close 2
Camera A/B, Exposure mode : ‘ 2
Exposure Start 1
Manual Eprsure ON-OFF 1
Exposure Reference 3-5
Manual Exposure Stop _ 1
Camera A Drum Advance 1
Drum Position Reference : 5
Camera B Drum Advance 1
Drum Position Reference _ ' 5
Camera A Filter Advance o1
Filter Position Reference 3-4
Camera A/B Readout Mode : 2
Readout Start 1
Data Rate Selection 2
Camera A/B Prime Erase Mode 2
Erase-Prime Start . 1
47 bits

25
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9.0 LINE AND ERASE CLOCK

The primary consideration in the design of the Line and.Erase
Clock was to provide a clock that could bé digitally programmed to operate
at different frequencies with the output océurring at the required data or
erase rate line frequencies. Another concern was in selection of a frequency
reference to use to control the system. Drawing #2 shows the Line and
Erase Clock Block Diagram.

The power supply frequency of 4800 Hz was selected as the
reference frequency so that any power related glitches that might occur
in the video would be "locked" to the scanning rate and therefore could
be easily identified and removed in ground video proceésing. The selection
of the 4800 Hz reference dictated changes in the data rates so that all
rates are evenly divisible into the master oscillator fréquency. Other
choices for the reference frequency are possible. For example, the clock
rate of the video A/D converter would be another excellent possibility
or a VCO type oscillator could be employed to obtain variations of data
rates about the pre-selected rate.

The phase-locked loop and the +60 counter multiply the reference
frequency by 60. The multiplying is obtained with the phase-locked loop
which has a VCO oscillator operating at 288KHz. The oscillator output is
divided by the counter to obtain a 4800Hz signal which is cqmpared to the
reference frequency by a phase coﬁparator. The éutput of the phase
comparator is filtered and applied to the VCO so that the X60 relationship
is maintained. The output of the VCO is %2 to obtain the system clock of"

144KHz.

.28
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The data rate code or erase command output of the variable

" modulo divider are gated in such a manner as to reset the counter when
the desired division has been performed. This produces an output line
pulse at the desired rate which is used to drive the line scan generator

directly.

10.0 LINE OR FRAME RATE SCAN GENERATOR

Operation of the Scan Generator shown in drawing #3 is identical
whether used in the frame or line rate position. The'function of the scan
generator is to provide the low voltage ramp signals to drive the deflection
amplifiers. Because of the low frequencies involved in the system, a digital
method of generating the ramp voltage was employed instead of some form of
RC generator. Even though the output of the digital system is a stairstep
voltage rather than a ramp voltage, it will produce a more accurate output
than could be obtained with an analog system.

The line generatof is driven from the line clock. The. 10-bit
counter is gated to count to 1000 with each count being converted by the
digital to analog converter to produce a voltége step of 20 millivolts at
the output. At the one thousandth count, an output from the reset gating
starts the +24 counter and the blanking generator. At the end of the 24
period, the counter resets the blanking generator. The output of the blanking
generator has cleared the main counter and holds it in the cleared condition
until the 1024 count is completed. The line blanking is amplified to

provide cathode blanking and the sync (low amplitude blanking) is used to
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% LABORATORIES

drive the frame scan generator. Sync from the frame scan provides the

reset command to complete the readout or erase mode.

11.0 DEFLECTION AMPLIFIER
| One requirement of the deflection system, drawing #4, is that

the deflection plates of the readout séction be operated at an average DC
potential of 2000V. To accomplish this, the deflection amplifier:is
directly coﬁpled to the plates. Direct coupling is necessary because
the low frequency scanning rates involved would require coupling
capacitors of prohibitive size and weight.

The deflection amplifier is a differential amplifier to insure
equal and opposite polarity ramps to the deflection plates. Q2 and Q4
are a common emitter differential pair driving Ql and Q3 as common base
amplifiers. Q1 and Q 3 are high voltage tramsistors to provide the high
coliector breakdown voltage necessary fof circuit operation. It is possible
‘to replace Q1 and_QS with several transistors of lower breakdown voltage.
connected in seriés to achieve the high voltage‘fequirement of the ciruit.
Negative feedback that is now provided by R5 and R13 must be provided
to the base of each series transistor to insure,edual division of the signal.
Ul, Q5, and Q6 form a stable constant current source for the differential
péir.

The power dissipation of the amplifier 'is determined by the
collector current and the supply voltage neceséary to provide the 2000
volt focus voltage. For our system, a collector current of 0.25 milli-
amperes was selected. This, in turn, requires R1l, R2;, and R3 to be 9

megaohms and R4 to be 5 megaohms. These resistors and the capacitance
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of the deflection ﬁlates limit the risetime of the ampliifer. Worst
case is when the ramp peak approaches the supply voltage during retrace.
Calculations indicate that the amplifier should have no problem in
reﬁracing at the fastest rate encountered during the erase mode of

operation.

12.0 VIDEO AMPLIFIER SIGNAL CHAIN

The design of the video portion of the camera is complicated by
the fact that the output of the solid state multiplier/analyzer is operated
at about 4KV, This requires that the video preamplifier input be operated
at 4KV or high voltage input isolation capacitors must be employed.
Because of the.low frequency requirements. of a base band system, capacitive
coupling is not practical as high capacitance, high voltage capacitors
are not available. Therefore, the preamplifier is operated at the high
voltage potential with optical coupling employed to provide the high
voltage interface. The fact that the preamp operates at high voltage is
the only difference between this preamp and any standard camera preamp and
the design parameters that effect performance apply directly. This includes
the use of capacitive coupling within the amplifier to circumvent the
stability problems connected with DC coupled amplifiers. By operating at
high voltage, the voltage requirement on the input capacitor is reduced to
that of an ordinary»solid state circuit type capacitor.

The proposed system is a baseband system which requires a
maximum bandwidth of 1800hz. Since the multiplier analyzer is essentially

a current, rather than a voltage source, a load resistor is used which
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is deliberately made large in order to minimize its noise comtribution,
and a high input impedance voltage amplifiér is employed to amplify the '
signal. Normally, the main drawback to this type of system is the problem
of high frequency compensation. However, with the low ffequency bandwidth
requirements, the poor high frequency performance of the uncompensated
amplifier should permit the amplifier bandwidth to be adjusted‘to meet the
system requirements. The cascode input stage as shown is normally.used‘
to minimize the effect of the feedback capacitance and may not be required
due to the modest bandwidth requirements. Feedback is included to
stabilize the amplifier gain. The calculated transresistance of the preamp
is 1.5 x 107 which is>in the order required of standard vidicon preamps.
Since the real criterion of preamp perfqrmance is signal—to—noise, éareful
design of the input étages are required to achieve optimum signal-~to-noise
performance and this will determine the exact input configuration.

The signal output level of the multiplier/analyzer varies in
proportion to the readout scan rates. Therefore, data rate dependent
amplifier gain a&justment is necessary. Four LED-phototransistor optical
couplers are employed as attenuator switches té adjust the amplifier gain
so that a constant level signal is applied to the optical HV isolator.
Some bandpass filtering is possible with the addition of capacitors to the
attenuator.

Video output high voltage isolation is obtained using a LED
phototransistor coupler. An offset voltage is used with the operational
amplifier feeding the LED driver transistor to bias the LED into its linear

operating range with no video signal applied. The LED is a gallium arsenide
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type which exhibits a linear light output versus forward current drive.
The light output'of this diode then varies linearly with the driving video
signal provided the operating range is correctly maintained and the photo-
‘transistor is matched to the diode. Again, thellow frequency requirements
of the baseband system impose no stringeht frequency requirementé‘on the
coupling system. The post amplifier amplifies the video signal and
provides a relafively low impedance drive for the video cable connecting
the camera head to the bus electronics portion of the system. The gain

of this émplifier in copjunction with the video output driver gain are set
to provide a 5.0 volt video output signal.

To power the high voltage portion of.the video ampliifer, é
simple zener regulated, transformer coupled power supply is necessary.
This power supply also provides the 6-10 volt negative bias necessary‘for
operation of the solid state multiplier analyzer.

The remainder of the video system is incorporated into the bus
electronics. FET analog gates are employed for all video switching
applications because of their excellent isolation and low power require-
ments. The first set of switches selects which éamera video is applied
to the input. The other set of switches select the output of the low pass
filter in accordance with the data rate réquiremeﬁt. The low pass filters
are of the conventional two pole active filter type. Their use provides
improved signal-to-noise performance of the video system. The video
output driver is the final gain stage and provides a 5.0 volt p-p video

signal to drive the A/D converter which directly converts the video
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information for transmission back to earth. With the polarities as
shown, the video amplifier produces a white positive signal. Either
the post amplifier or video output driver could be made non-inverting if

a white negative video signal is desirable.

12.1 RF VIDEO SYSTEM

An alternative video system to the proposed baseband system
would be an RF System very similar to the Mariner Mars 1971 wvideo system.
The readout tube beam current would be modulated and this would provide
higher signal levels at the preamp input during the on period. The other.
change afforded by the RF System would be the possibility of transformer
coupling of the video signal from the preamp operating at high Voltage'to
the post amplifief rather than using the light coupling method. The
transformer could be designed as a bandpass device to alleviate the need
for a filter between the preamp and post amplifier. The higher operating
frequency would impose more stringent requirements on the preamplifier

design.
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