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INTRODUCTION
NASA Dryden has a requirement for a high frame-rate camera capable of capturing images at a high rate for the Abort Flight Test parachute system performance assessment. This capability will be used during the Pad Abort and Ascent Abort test series that is designed to certify the capability of the Orion Launch Escape System. These images need to be acquired at a rate of 200 frames per second in order to capture rapid motion of critical parachute system elements to assure that actual performance matches predicted performance within acceptable margins. 
SYSTEM FUNCTIONAL AND PERFORMANCE REQUIREMENTS
I. Basic imaging requirement
Video imaging from on-board sources is required to support the assessment of parachute deployment dynamics during pad abort and ascent abort testing for the Orion crew vehicle.
Rationale: Imaging provides information in a form that is easily understood by technical analysts charged with evaluating test results and scoring the success or failure of test objectives. In the Abort Flight Test (AFT), analyzing separation dynamics is a key factor in the test result. On-board imaging has the resolution to assess parachute deployment dynamics.  Although imaging is not considered to be the primary data source for assessing parachute deployment performance, it does serve as an effective second independent data source to provide backup data to validate primary sources and to observe off-nominal conditions and unanticipated results.
II. Required Image Capture Functional Capabilities
A. Image Resolution: Captured images shall be appropriate for dynamic parachute deployment analysis. Image resolution of at least 800 x 600 pixels shall be acquired.
Rationale: It is not possible to specify a single resolution that will be adequate for all imaging needs. Some issues can be resolved with relatively low resolution while others may require more highly resolved details in critical regions. The dynamics may require video imaging to be captured from different positions to provide a complete picture of the test event. The 800 x 600 pixel maximum resolution is a compromise between image resolution analysis requirements, camera memory capacity, optical chip resolution, and memory write limitations.
B. Frame Rate: Image frames shall be captured at a minimum rate of 200 frames per second with the capability to increase to 400 frames per second with reduced resolution. Frame rate is an externally programmable function.
Rationale: The higher frame rate is needed should the parachute deployment dynamics occur at a rate higher than expected which reduce imaging fidelity when analyzed at the 200 frame per second rate.
C. Maximum Light Sensitivity: Camera maximum monochrome light sensitivity shall be at least equivalent to ISO 1600. Maximum color light sensitivity shall be at least equivalent to ISO 400.
Rationale: Short exposure times for high frame rate image capture required for dynamic analysis require high ISO ratings (high light sensitivity) for appropriate exposure.
D. Exposure time range: Minimum exposure time shall be no longer than 1/4000 second (250 microseconds). Maximum shutter exposure time setting shall be equal the inverse of the frame rate (1/200 second in the case of a frame rate of 200 frames/second). Exposure time range is an externally programmable function
Rationale: This short exposure time is needed to minimize the effects of motion blur.
E. Field of View: The required field of view will be dependent on the elements of the parachute system that are of most interest. The system shall be able to accommodate fields of view ranging from 10 to at least 80 by selection of appropriate C/F-mount lenses.
Rationale: The imaging must include separated system subject elements of interest in the field of view for a sufficient length of time to assess the parachute separation event results.
F. Image Coloration Format: Video information shall be acquired in a monochrome format with the option to change to color as dictated by imaging requirements and as limited by available bandwidth. Image coloration is an externally programmable function
Rationale: Monochrome image pixels are recorded with 8 bits representing grey levels as opposed to color images that require 24 to 30 bits to record both the hue and the intensity (also called brightness). In the opinion of analysts, color adds no benefit to the parachute analysis process over and above that provided by a monochrome image and because monochrome images require a lesser number of bits, monochrome is the coloration format of choice.
G. Video Image Exposure Control: An imaging exposure control shall automatically provide properly exposed images of high speed events to capture the parachute deployment event with minimal blur commensurate with available lighting conditions
Rationale: To assure properly exposed images, it is required to have an automatic exposure control system active at all times that images are being acquired.
1. Exposure Control Strategy: Most lenses that will be used with the high-speed camera system will have manual aperture adjustments that are not amenable to being controlled by an exposure control system. (High-g rated lenses are a common example of this situation.) This then becomes in effect an “aperture preferred” approach that controls exposure settings by variations in the exposure time. In this situation, when the available light increases, the exposure control system will shorten the exposure time to maintain the correct exposure. The limit to the shortest exposure time becomes the shortest exposure time of which the camera is capable. When the available light level is reduced, the exposure control system will lengthen the exposure time to maintain the correct exposure that may reach the condition where the images of fast moving subjects are blurred such that the ability to analyze the image dynamics is compromised. The longest exposure time limit under these conditions then becomes the exposure time setting programmed into the camera for the particular imaging conditions to be acquired. If the available light level drops below that required to adequately expose the camera subject, an underexposed image will be captured to avoid blurring from subject motion.
Rationale: In special test situations it may be required to limit exposure time to minimize image blur during high-speed image capture.
2.	Rapid time response: Upon being subjected to a step function in the light level (the worst case is probably a step from complete darkness to full sunlight on the subject), the video exposure system shall reach the proper exposure setting within 10 frames.
Rationale: At least some of the video cameras will be in complete darkness prior to the separation event. To assure that all the captured images are useable, it is important that the automatic exposure control can compensate for the rapid light level change as the separation event introduces a rapid light intensity increase to the cameras in darkness.
H. Video Image Scanning: The video camera shall utilize appropriate scanning strategies (progressive or interlaced) commensurate with the motions, speeds, and sizes of the subject matter to be analyzed.
Rationale: Progressive scanning avoids motion artifacts when the image is read-out as it is being scanned. Under the same conditions of real-time read-out, interlaced scanning can produce motion artifacts. When the image is "frozen" or stored prior to read-out, results are no different with progressive or interlaced scanning.
I. Utility NTSC Video: A separate video output stream in NTSC format at 30 frames per second shall be active whenever the camera is powered. The image from this stream shall have the same perspective and area coverage as the high frame rate digital image so as to be useful for verifying image coverage and for other test purposes.
III. Required Camera Data Storage and Control Requirements
A. Camera Internal Image Storage: in situations where the imaging requirements are of limited duration, the video frames shall be stored on-board the camera. The camera storage capacity shall be sufficient to capture at least 40 seconds of uncompressed video frames at maximum camera resolution (800x600).
B. Triggering: Triggering of programmed image capture sequences shall be accomplished as follows:
1. Hardware External Discrete Triggering: External discrete triggering shall be accomplished using either +28 VDC or TTL level voltages
2. Software Triggering: External triggering shall be accomplished using software-initiated commands to the camera over the camera communication links.
C. Stored Programming Image Capture Control: At a minimum, the following functions shall be controlled by the camera internal memory: II-A Frame Rate, II-C ISO setting, II-D Exposure Time. II-F Image Coloration,
IV. Time Synchronization and Health Managements
A) Time synchronization and display: Video imaging and flight data shall be synchronized to assure coherent data reduction by imbedding and displaying the IRIG-based time when the frame was exposed on each frame. The common system clock time in IRIG format will be supplied with a time resolution of 1 millisecond or higher (higher being a shorter time resolution) to the system from an external source. 
Rationale: Misleading conclusions may be drawn based on incorrect data point “time tags”.
B) System Health Management: The video camera shall contain a health management system that shall provide a self-test capability to assure that the camera is operating according to specified performance standards prior to launch.
Rationale: Video imaging is a critical source of information for validating primary data sources and for capturing off-nominal conditions. This important role in the test process must be highly reliable. Assuring proper system operation prior to launch is a critical step to reducing the risk of imaging failure.
V. Environmental Conditions and Survivability:
A) The video camera shall both survive and operate satisfactorily under the following environmental conditions on the day of launch:
1. Ambient Pressure: The video camera shall operate in an ambient pressure environment consistent with atmospheric conditions at sea level and 9-minute exposure to altitudes up to 200k feet during the launch to the test condition. Ambient pressure at 200k feet is 0.401 pounds/square foot (as derived from the 1976 Standard Atmosphere reference).
2. Ambient Temperature: The video camera shall operate in ambient temperature at sea level up to 90º Celsius under full solar radiation and down to temperatures consistent with a 9-minute vertical rocket launch to an altitude of 200k. feet. If the camera cannot operate under these conditions, means shall be provided to assure that the temperature variation is constrained within +/- 10 º C. to assure proper system operation. Cooling air will be provided during the time that the system is awaiting launch on the launch pad.
3. Random Vibration: The video camera shall be designed to operate under an ambient random vibration environment up to 50 GRMS for 3 minutes.
4. Acceleration: The video camera shall be designed to operate under vertical acceleration up to 20 g during the 9-minute launch to the test condition
5. Shock: The video camera shall be designed to operate while being subjected to shock levels up to 130G 50 milliseconds.
6. Acoustic Pressure Intensity: The video camera shall be designed to operate without degradation in an acoustic environment up to 175 dB OASPL for 3 minutes.
Rationale: The video camera must withstand and operate under day-of-launch preparation, launch conditions and flight conditions.
B) The video camera performance shall not be adversely affected under the following environmental conditions for a period of up to 180 Days.
1. Humidity: The video camera shall be designed to operate in relative humidity levels up to 95% without performance degradation (guidance from MIL-STD-810)
2. Salt Spray, Fog, Dust, and Fungus: The video camera shall be designed to operate under conditions of salt spray, fog, dust, and fungus atmosphere consistent with a sub-tropical seashore environment (guidance from MIL-STD-810)
Rationale: The video camera must operate in test/checkout mode at the launch site for the scheduled 120 days with an additional 60-day allowance for delay. (Conditions governed by STS 09770 natural and induced environments in the STS.)
C) The video camera shall be stored, handled, and shipped according to approved procedures for flight-rated equipment used for aerospace testing.
D) Video camera physical requirements
1. Weight: The weight of the video camera shall be less than 2.5 lbs. without the lens
2. Volume: The combined volume of all components of the video camera shall be less than 40 cubic inches without the lens.
Rationale: Although neither size nor weight of the installed video camera is expected to substantially influence the overall launch system size or weight, these values are included to constrain the camera size and weight to be compatible with similar existing equipment.
3. Power: The video camera shall operate from a 12 to 36 VDC supply and shall require less than 15 watts.
NOTIONAL SYSTEM DESIGN
At a basic level, viewing the parachute deployment from a high frame-rate camera looking upward from the Orion crew module would provide coverage of drogue, pilot and main parachute deployment events from an overview perspective. If a single camera provides the needed coverage, than operation in the stand-alone mode would meet the imaging requirement.



1


HFR Camera Requirements v2

 

 

August 25, 2009

 

 

1

 

INTRODUCTION

 

NASA Dryden has a requirement for a 

high frame

-

rate camera

 

capable of capturing 

images at a high rate for the Abort Flight Test parachute system performance 

assessment. This capability will be used during the Pad Abort and Ascent Abort test 

series that is designed to certify the capability of the Orion Launch Esc

ape System. 

These images need to be acquired at a rate of 200 frames per second in order to 

capture rapid motion of critical parachute system elements to assure that actual 

performance matches predicted performance within acceptable margins. 

 

SYSTEM FUNCTI

ONAL AND PERFORMANCE REQUIREMENTS

 

I.

 

Basic 

i

maging 

r

equirement

 

Video imaging from on

-

board sources is required to support the assessment of 

parachute deployment dynamics during pad abort and ascent abort testing for 

the Orion crew vehicle.

 

Rationale: Imaging 

provides information in a form that is easily understood by 

technical analysts charged with evaluating test results and scoring the success or 

failure of test objectives. In the Abort Flight Test (AFT), analyzing separation 

dynamics is a key factor in the 

test result. On

-

board imaging has the resolution to 

assess parachute deployment dynamics.  Although imaging is not considered to 

be the primary data source for assessing parachute deployment performance, it 

does serve as an effective second independent dat

a source to provide backup 

data to validate primary sources and to observe off

-

nominal conditions and 

unanticipated results.

 

II.

 

Required 

I

mage 

Capture Functional Capabilities

 

A.

 

Image Resolution

: Captured images shall be appropriate for dynamic 

parachute deploym

ent analysis. Image resolution of at least 

800

 

x 

600

 

pixels 

shall be acquired.

 

Rationale: It is not possible to specify a single resolution that will be adequate for 

all imaging needs. Some issues can be resolved with relatively low resolution 

while others

 

may require more highly resolved details in critical regions. The 

dynamics may require video imaging to be captured from different positions to 

provide a complete picture of the test event. 

The 800 x 600 pixel maximum 

resolution is a compromise between im

age resolution analysis requirements, 

camera memory capacity, optical chip resolution, and memory write limitations.

 

B.

 

Frame Rate

: Image frames shall be captured at a minimum rate of 200 

frames per second with the capability to increase to 400 frames per sec

ond 

with reduced resolution. 

Frame rate is an externally programmable function.

 

Rationale: The higher frame rate is needed should the parachute deployment 

dynamics occur at a rate higher than expected which 

reduce imaging fidelity 

when

 

analyzed at the 200 

frame per second rate.

 

