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HIGH SPEED VIDEO PHOTOGRAPHY

George G. Silberberg
Physicist

Naval Weapons Center
China Lake, California

ABSTRACT

The objective of the Metric Video program at the Naval Weapons Center is to achieve
photographic film speeds and resolution with video camera and recording techniques. By
combining a phase controlled shutter with a standard high quality video camera, a system
has been developed that produces well defined images suitable for determining accurate
and instantaneous measurement of time versus motion. The new synchronized shuttered
video cameras are replacing motion picture cameras which use expensive film and require
considerable time to produce an image for data analysis.

INTRODUCTION

In 1978 a program entitled Metric Video (measurements from video images) was
formulated at the Naval Weapons Center, China Lake, California. The purpose of this
program was to provide timely data, reduce the number of operating personnel, and lower
data acquisition costs. Program task elements included a vector miss distance system, a
video theodolite system, a velocity measuring system, and a system for gathering
engineering sequential data. These systems are being developed and integrated into the
range instrumentation inventory at China Lake. In order to achieve these task elements, it
became necessary to develop techniques not available on the open market. These
techniques are briefly described in this paper.

PHASED CONTROLLED SHUTTERED TELEVISION

In a conventional video camera, light from images continuously exposes the light sensitive
material on the face of the tube. Some electrical property (usually the conductance) of this
material is changed in accordance with the exposure of the face to the image. This changed
property is in turn sensed by a scanning electron beam so that the potential at the output
grid of the tube varies in accordance with the amount of light that exposed each point. The
electron beam also restores the material to its unexposed condition. In a standard video
camera, the electron beam scans the entire face each 16.67 msec with approximately 241.5



equally spaced lines producing a field. Again, in the standard video camera, the electron
beam is made to produce two interlaced fields.

The exposure time of each point on the face of a standard video camera is 16.67 msec.
Each point on the face is being scanned and erased at a different time. These two facts
make a standard video camera unsuitable for recording high speed events.

If a rotary shutter is placed in front of the face of the video tube (focal plane shutter) the
exposure time can be reduced to as low as 10 microseconds. The electrical impression of
the image remains until scanned by the electron bean. With such a shutter, high speed
events my be recorded. However, if the shutter is not synchronized with the scanning
electron bean, exposures will occur during the time the tube is being scanned. The effects
of exposure during the scan period make such a camera unsuitable.

When a shutter is synchronized to expose the face of the video tube only during the time
between scans of the electron bean (called the vertical retrace period), a camera suitable
for recording high speed events is produced.

The Naval Weapons Center has developed a synchronized shuttered video camera. Shutter
synchronization is automatic, stable and very precise. An added benefit of the precise
shutter synchronization is that the time of the exposure can be determined simply and
accurately. Moreover, these cameras can be synchronized to one another or to range
(IRIG) timing to within ±100 microseconds. This shutter has been adapted to standard
black and white and color TV cameras. See figures 1 and 2. These cameras produce well
defined pictures suitable for making accurate and instantaneous measurement of time
versus motion. Vector miss distance solutions and muzzle velocity of bullets can be
obtained with these cameras. The new shuttered video cameras are replacing motion
picture cameras which are expensive to run and require considerably more time to produce
an image for data analysis.

Variable Rate Phased Controlled Shuttered Television

A sampling rate of more than the standard 60 fields per second may be desirable in order
to record more than one image per field. To obtain the muzzle velocity of shells, at least
four images of the shell per field can be achieved if the scan rate is modified. The vertical
field is divided into four parts, each part representing one-fourth of the normal scan and
one-fourth of the normal height. Since the trajectory of a shell is well defined, the loss of
vertical field is of little consequence. Each image is exposed for 1/20,000th of a second
and has little or no motion. To change a standard camera so that it has various scan rates, it
is necessary to perform the following modifications:



1. Divide the standard 16.67 msec field period into uniform subintervals. This can be
done by constructing a digital counter using the camera’s crystal oscillator as the counter
clock. By using a counter with a variable divide module, the number of subintervals may
be easily changed. The counter is reset at the beginning of each field.

2. At the end of each subinterval the camera’s vertical sweep generator is reset.

3. At the end of each subinterval the camera output is set to blanking level. This is
accomplished by resetting the counter output with the camera’s regular blanking control.

4. The shutter phase controlling servo is sent a pulse at the end of each subinterval. The
phase controlling servo will automatically adjust its speed and phase so that there is an
exposure during the blanking period of each subinterval. In order to reduce the shutter
motor speed demanded for a large number of exposures per field, the number of exposure
slits in the shutter disc may be increased.

Electronically Shuttered Video

When it becomes necessary to expose the entire picture area at the same time, an
electronic shuttering system can be utilized. This has been achieved with a Fairchild
Charged Couple Device (CCD) and processing modifications by the Naval Weapons
Center. The purpose of this modification is to use an electronic shuttered camera as the
imager for a Video Theodolite. A video tracker is also used with the CCD in order to
obtain tracking error. Exposure rate of the CCD can be as short as 50 microseconds
depending on the availability of light.

Theory of Operation:  Electronic shuttering gates the photo generated electrons rather than
the light itself, hence the name electronic shuttering. Photo-electrons are generated in the
photosite of a CCD imager whenever light is present. Gating or shuttering is accomplished
by controlling the loading and movement of electrons in the vertical transport registers. In
effect, two images are taken during each field. A long duration image is taken during the
non-vertical blanking period to prevent the photogenerated electrons from smearing the
previous image in the vertical transport registers. This image is purged at the beginning of
vertical blanking and a short exposure is taken and loaded into the vertical transport
registers. A mechanical capping shutter is a necessary augmentation to lower the ratio of
the long exposure to the short exposure, preventing internal overloading and spilling of the
long exposure image onto the short exposure image.



CONCLUSION

The phased controlled shuttered Television has given the instrumentation engineer a
powerful new tool for range use. With the insertion generators for time and bookkeeping
purposes, it is now possible to gather and reduce data in far less time at lower cost than
was required for film data. At the Naval Weapons Center, China lake, California, it is our
goal to replace filmed cameras with phased controlled shuttered televisions, thus
eliminating 90% of the film process, by 1983.


