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ABSTRACT 
 

The Delta expendable launch vehicle has been flying onboard video cameras.  The camera is an 
NTSC analog camera that directly modulates an FM transmitter.  A standard FM deviation is used to 
maximize link performance while minimizing transmitted bandwidth.  Pre-emphasis per CCIR 
recommendation 405 is used to improve the video signal-to-noise ratio.  The camera and transmitter 
obtain power from either a separate battery or the vehicle power system.  Lighting is provided by 
sunlight, or a light may be added when sunlight is unavailable.  Multiple cameras are accommodated 
by either using multiple transmitters or by switching the individual cameras in flight.  IRIG-B timing 
is used to correlate the video with other vehicle telemetry. 
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INTRODUCTION 
 
The Delta expendable launch vehicle is used to place payloads in orbit.  Frequently, an onboard 
camera is used to provide video coverage of vehicle events such as staging, faring separation, and 
spacecraft separation.  The camera provides dramatic views of the vehicle rising into space and 
views of the Earth from orbit, as shown in Figure 1. 
 
The basic camera system consists of a video camera connected to a transmitter.  The output of the 
transmitter is fed to an antenna system for transmission to the ground. 
 



 

 

 
 

Figure 1 
Pictures From the Onboard Video System 

 
 

CAMERA SYSTEM DESCRIPTION 
 
The camera is a small analog video camera using standard National Television System Committee 
(NTSC), 525-line format with an aspect ratio of 4:3. 
 
The camera has been mounted on various locations on the vehicle.  When mounted external to the 
vehicle, the camera is placed in a pod to protect against aerodynamic and thermal loads.  When used 
inside the vehicle, the camera is shock-mounted to protect against shock and vibration. 



 

 

 
A block diagram of the camera system is shown in Figure 2 
 
 

 
 
 
 

 
 

 
 
 

 
 

 
 
 
 

 
Figure 2 

System block Diagram 
 
 

Power System 
 
The transmitter runs on the vehicle 28-V batteries and is powered through a fuse to protect the 
vehicle power system.  The camera requires 12-VDC power.  Two different types of power systems 
have been used for the camera:  a regulator to convert 28V to 12V, or a separate 12-V battery added 
for the camera. 
 
The camera draws about 250 mA when operating, but the regulator should be capable of delivering 
more than this to enable camera startup current.  Otherwise, the regulator enters current limit when 
power is applied and the camera does not turn on. 
 
The camera battery consists of ten NiMH cells connected in series.  A trickle charge circuit and a 
switching circuit is also added when a separate camera battery is used. 
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Lighting 

 
The best lighting source is sunlight entering the camera from the side.  When the camera faces the 
payload with the sun directly behind the camera, reflections off the spacecraft thermal blankets can 
adversely affect picture quality.  In general, the Sun in the field of view of the camera is to be 
avoided, but the results are not as bad as might be expected.  The Sun will appear as a bright spot in 
the frame, but the remainder of the frame still provides a remarkably good picture given the 
conditions. 
 
On some vehicles the camera has been placed inside the fairing.  When the fairing is separated, the 
camera is immediately exposed to bright sunlight.  The first frame is totally washed out, but details 
start to appear in the next few frames.  It takes several seconds for the camera automatic gain control 
(AGC) to adjust to the increased light and provide a good picture 
 
The camera lens F-stop is staked to prevent movement in flight.  The camera has an AGC to adjust 
for changing light levels.  Under low light conditions the camera may “hunt” between two AGC 
levels, causing the video signal light level to flicker.   
 
Some launches have occurred at night or with the camera placed inside the launch vehicle where 
there is no sunlight.  In these cases, a metal halide light was added with power for the light provided 
by an 11-cell NiMH battery. 
 
 

Multiple Cameras 
 
Multiple cameras on a vehicle are accommodated by either adding a separate transmitter for each 
camera or switching cameras in flight.  A separate transmitter for each camera allows multiple 
cameras to be used simultaneously.  The cameras also may be switched.  For example, one camera 
may film the first stage and then switch to a different camera on the second stage.  The cameras are 
switched by routing the video signal through a coaxial switch.  Voltage is applied to the relay coil by 
the guidance system at the appropriate time to switch the cameras. 

 



 

 

 
Pre-emphasis 

 
A frequency modulated transmitter is used in the video system.  The modulated waveform received 
on the ground can be described by 
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where: 
cf  is the carrier frequency, 

)()( t
dt
dtv Θ=  is the video signal, and 

θ  is the carrier phase. 
 

The noise )(tn  can typically be described as additive white gaussian noise (AWGN).  The video 
signal is the frequency deviation from the unmodulated carrier, 
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Consider a noise spectral component )2sin()( tftv nn π= .  The receiver noise will be the derivative of 

this, )2cos(2)( tfftv
dt
d

nnn ππ= , so the higher frequency noise will have a higher amplitude.  

Therefore, noise that started out as AWGN with a flat spectral noise density does not have a flat 
spectrum at the receiver output.  The higher frequency video signals are corrupted to a greater extent 
by noise than the lower frequency signals, degrading the video.  To overcome this effect, pre-
emphasis is used.  Pre-emphasis decreases the signal amplitude at the lower frequencies and 
increases the amplitude at the higher frequencies.  The net result is a constant signal-to-noise ratio 
across the video bandwidth at the output of the receiver. 
 
The pre-emphasis used on the video system flown on Delta is per CCIR recommendation 405-1.  
This type of pre-emphasis approximates the ideal pre-emphasis over the video bandwidth and can be 
constructed as a passive filter using resistors, inductors, and capacitors.  The pre-emphasis filter is 
built into the transmitter. 

 
 

De-emphasis 
 
A de-emphasis network is needed on the output of the receiver to restore the video signal.  The 
frequency response of the de-emphasis network is the inverse of the pre-emphasis network, as shown 
in Figure 3. 
 
Because receivers typically do not have built-in de-emphasis networks, a de-emphasis network 
should be installed on the receiver video output between the receiver and recorder.   
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Figure 3 

Pre-emphasis and De-emphasis Filter Response 
 
 

RF SPECTRUM 
 
The baseband bandwidth of the video signal is about 4.2 MHz.  Almost all of the power of the 
luminance signal is contained in the first upper and lower sideband, so the video signal bandwidth is 
about 2 X 4.2 MHz = 8.4 MHz.  The Intermediate Frequency (IF) bandwidth of the receiver must be 
set at least this wide to receive the signal. 
 
The amplitude of the luminance plus sync signal from the video camera is 1V peak-to-peak.  For 
color cameras, there is also a color subcarrier at about 3.58 MHz.  The chrominance signals are 
quadrature amplitude modulated onto the subcarrier.  The subcarrier amplitude varies depending on 
the colors in the scene, but the maximum excursion of the color subcarrier should be less than 0.44V 
peak-to-peak. 
 
The transmitter deviation sensitivity is set at 8 MHz peak-to-peak/1V peak-to-peak 
 
The frequency deviation for the color subcarrier is about (0.44V peak-to-peak)(8MHz peak-to-
peak)/(1V peak-to-peak) = 3.5 MHz peak-to-peak, or about 1.75 MHz zero-to-peak.  The modulation 
index is therefore β=1.75 MHz/3.58 MHz = 0.5.  The second sidebands are at 
2 X 3.58MHz=7.2MHz above and below the carrier.  The amplitude of the second sideband should 
be less than 10Log10(J2

2(0.5))=30 dB below the unmodulated carrier, with values around 40 dB 
typically measured.  The third sideband at 3 X 3.58MHz=10.7 MHz above and below the carrier 



 

 

should be less than 10Log10(J3
2(0.5))=52 dB below the unmodulated carrier, with values greater than 

60 dB typically measured  
 
 

TIMING 
 
An Inter-Range Instrumentation Group (IRIG-B) time signal is recorded on the audio track of the 
video recorder at the ground station.  IRIG-B uses a 1-kHz carrier, which is in the recorder audio 
track bandwidth.  This enables time correlation of the video with the other vehicle telemetry, which 
is time-tagged using this same clock.  When the tape is played back, a time code reader can place the 
time on the video frame. 
 
A Society of Motion Picture and Television Engineers (SMPTE) time code can also be used; 
however, there are drawbacks to this format for video telemetry.  SMPTE time codes each frame 
with hours, minutes, seconds, and frames.  The camera frame rate is about 29.97 frames per second.  
Because the frame rate is not exactly 30 frames per second the frame counter periodically drops 
frames.  This makes it difficult to correlate the video exactly with other vehicle telemetry.  
Alternately, SMTPE time can be set to count every frame, but then the absolute time will be wrong.  
If SMPTE time is requred, both SMPTE time and IRIG-B time codes could be recorded on the tape, 
or converters are available to convert IRIG-B time to SMPTE time. 
 
 

SOUND TRACK 
 
Accelerometer data from the vehicle telemetry stream can be recorded on the audio track.  This not 
only makes the video more interesting to watch, but also aids in engineering reviews of the video.  
For example, viewers can hear the click of a vent valve opening and watch the effects of venting.  
This makes the video more intuitive in understanding events occurring on the vehicle. 
 
 

CONCLUSIONS 
 
Video systems have been flown on a number of Delta rockets.  The video not only shows an 
impressive view of the climb into space, but also aids in engineering analysis of the vehicle flight. 
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