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1.0 Introduction

Under the authority of National Aeronautics and Space Administration’s (NASA’s) Marshall Space Flight Center (MSFC) Office of Chief Information Officer, as defined in the Unified NASA Information Technology Services (UNITeS) Prime Contract NM04AA02C, Sciences Applications International Corporation (SAIC), and it’s acquisition services subcontractor, Arcata Associates (Arcata/UNITeS) are tasked with the responsibility for the definition, acquisition, operations, and maintenance of Information Technology resources which satisfy resource requirements promulgated by the MSFC community and agency-wide entities.  Pursuant to this authority, UNITeS intends to procure equipment and systems supporting NASA’s multi-channel digital TV capabilities, have the equipment delivered to the designated sites, perform an acceptance of the installed equipment, and provide training and services in accordance to the technical requirements of this specification and the other Sections of this Contract.

2.0     Background

NASA Television is a resource designed to provide real-time coverage of Agency activities and missions, as well as providing resource video to the news media and educational programming to teachers, students and the general public.  NASA TV is currently broadcast on satellite in the continental United States on AMC-6, Transponder 17C C-Band located at 72 degrees west longitude.  The frequency is 4040 MHz.  For our Alaska or Hawaii viewers, NASA TV is re-broadcast on satellite on AMC-7, Transponder 18C located at 137 degrees west longitude with the frequency of 4060 MHz.  NASA TV is also available over the World Wide Web from several sources.   The video feed is a digital multi-channel video signal with standard definition and high definition video feeds.  

3.0 Scope and Understanding the Requirements
This document defines the objectives and specifications for implementation of new High Definition (HD) MPEG-4 encoders which will address the existing infrastructure and future infrastructure for NASA’s TV system. 

This Technical Specification describes an effort to upgrade NASA’s video distribution system to an architecture that will facilitate one full-time HD channel along with the other three channels of SD programming.  These encoders shall utilize current technologies and be scalable to take advantage of emerging or future communications technologies.  

Please reference drawing #1 at the end of this document for general layout of NASA TV architecture.  

The following list is an outline of the implementation process: 

1. Procurement and provide phone support during the installation of MPEG-4 CODECs (encoder/decoder) for each NASA Center.   

2. Provide phone support during the test and verification of the encoder unit at each center.

The following sections describe the specific technical features and parameters of the desired encoder units and services required for the installation and implementation at each NASA Center and the on-going support for such systems.  Unless otherwise indicated these describe the minimum acceptable type or quantity of an item.  Substitution of technology, which is intended as an enhancement of these minimums, is acceptable where they meet technical requirements. Proposers are invited to propose an alternative unit or system for consideration if, in their opinion they present technical or performance advantages over the architecture described in sections 4.1 though 4.10.  

4.0 Technical Requirements

4.1
Commercial-Off-The-Shelf (COTS) Requirements

The requirements describe a “Commercial off the Shelf” solution.  Custom, prototype, or beta production equipment is not acceptable in response to this requirements document.  
4.2
Architectural Considerations

The desired physical architecture consists of installation of encoder units at each NASA content origination sites which are located at each of our eleven major NASA centers.  Each installation consists of one HD encoder, connection to the NASA IP network, and receiver/demultiplexer/decoders for all channels.   KSC and JSC will have two encoder units.  The NASA TV Hub, located in Washington D.C.  receives all content origination signals and the video content is either multiplexed as one of the “live” channels or stored for later use.  The encoder units are required to interface with existing architectures as specified.  

4.3
Reliability

The proposed encoder units shall offer test and diagnostic capability.  The equipment shall be equipped with features, which ensure their availability and minimize unplanned downtime.  Participating vendor shall provide emperical evidence of the presence of these and other reliability features existing in their proposed system.  
4.4   Encoders

Each NASA Center has the capability to originate content for one or more of the channels.  To provide this capability, the transmission network architectural design has an IP circuit from each Center to NASA Headquarters.   Due to bandwidth limitation, NASA Headquarters will only be able to receive some of its tariff service at a time.  Therefore, the new encoder units will be required to run at low bandwidth when that unit is not used for a live channel.  

4.4.1   Encoders Specification

The following specifications describe the basic composition of each independent encoder:  

1. MPEG-4 H.264 AVC video encoding  with adjustable levels

The proposed MPEG-4 video encoders shall have adjustable data rate and sample structures that are adjustable via the front panel menu or via management system. The required data rates and sample structures are listed in the following table 


Data rate for 4:2:0 sampling ranges from 6.0 to 45Mbps 
Potential future upgrade to 4:2:2 sampling ranges from 6.0 to 45Mbps
2. Be able to support the following streaming protocols:  UDP, RTP, Multicast and Unicast.

3. Closed Captioning shall be supported and encoded onto ATSC Line 21 of the Vertical Blanking Interval (VBI).  Closed Captioning standard is defined by EIA-608. 

4.  Rack mountable and shall not be larger than 3 rack units (3RU).

5.  Output Format of IP and DVB-ASI interface

6.  Required inputs:  Video:  HDSDI and SDSDI


Format:  720P (60 \59.94 \50 Hz); 480I (59.94 Hz); 1080I (60 \59.94 \50 Hz); 1080P (30Hz)
7.  Audio requirements: Two pairs (or more) stereo audio channels that support audio formats of AES/EBU embedded and Dolby Digital (AC-3)


Input formats:  Digital (AES3/EBU) or Analog (balanced / unbalance)
8. Picture quality is of the utmost importance.  Encoding processing shall be at the highest performance of compression for optimizing picture quality with bandwidth efficiency.   See section 6.7 for details on acceptance testing for picture quality.

4.4.2   COTS Management System for Encoders

A software management system with a set of tools for monitoring and managing compressed digital video and audio service from the encoders is required.   The proposed vendor shall provide detailed information on their management system and list any required equipment and its specification to fully operate and manage the encoders across NASA’s agency.   This management system shall include: 


Remote monitoring and control functions from geographically distributed locations using TCP\IP and LAN/WAN technologies


Alarm – pending and history 


Network Control and provisioning

Changing audio inputs; video formats

Historical and statistical analysis of bandwidth 


Controlling and setting encoder parameters


Designed to run in a 24X7 environment
It would be preferred to have a management system that our engineers can simply set up using the encoder parameters.  For day-to-day operations, we would like to have the capability to view all of the encoder units listed on a single graphical screen display and be able to turn the encoder off/on and adjust their individual bandwidth.  Please provide details on your proposed management system as it applies to setup and operations and describe in detail how our engineers would set up the encoders and adjust the bandwidth.
4.5
Integrated Receiver Decoders (IRD) 

These encoder units must be able to be decoded by a standard “Commercial off the Shelf”   MPEG-4 IRD.  

4.6    Environmental

The following environmental specifications apply to all equipment in this statement of work:

· Cooling:  Fan(s) with sufficient airflow to maintain equipment

· Operating Temperature:  5 to 40 C

· Operating Humidity:  < 95% non-condensing

· Electro-Magnetic Compliance: FCC compliance

· Safety:  FCC compliance

· Power:  Voltage 90 to 264 VAC 

· Line Frequency: 47 to 63 HZ

· Please provide typical power consumption for each unit

4.7
Rack 

These encoder units are required to be rack mountable in an EIA standard rack/cabinet provided as Government Furnished Equipment (GFE) and shall not exceed 80 inches in height, and 19 inches wide.  These encoder units provided by the vendor shall be designed to accommodate this requirement, to include mounting rails, and any power distribution or data cable routing hardware. 

The encoder units installed at each center shall be installed in one GFE EIA standard rack/cabinet or shall be mounted on sliding rails, in a space no greater than 19 inches wide.  

The vendor shall provide specification for power and sufficient airflow to maintain equipment at their recommended operating temperature.
5.0
Security Requirements

All equipment shall be scanned for vulnerabilities.  Any high-risk and mid-risk vulnerability or other identified IT security vulnerabilities shall be corrected or mitigated to an accepted level before the system can be accepted.  For more information on NASA vulnerability scan requirements, please reference NPR 2810.1, NASA Security of Information Technology and MPG 2810.1,   In staging these encoder units for NASA, the vendor is required to work with UNITeS on naming convention.  Due to NASA security requirements, setting up equipment to use default names and passwords (example - in the workgroup and sequel server name) is prohibited.

Vendor must comply with patch management of the encoder units as required by the federal government.  Please provide details on your patch management.

6.0    Service and Support Requirements
6.1
Hardware Warranty

The vendor shall provide one year of full hardware warranty (including any uplift of OEM’s standard warranty) covering all replacement parts and labor costs for troubleshooting and repair of any failed system, unit, or component with the following minimum requirements.  
6.1.1 The warranty period of performance shall be one year from date of installation and acceptance of the system.  

6.1.2 The primary response interval shall be during normal office hours with the exception of NASA’s shuttle missions which should be 7 X 24 with 24-hour onsite response time. 
6.1.3  The location for warranty maintenance shall be the installed site.  Please see attachment #1 for these locations.
6.1.4  The initial response on-site to a trouble call by a technician certified in the troubleshooting and repair of the specific model server system provided shall be no greater than 48 hours. 
6.1.5  Repair of system/components shall be accomplished within 48 hours of the initial on-site response.  
6.2
Toll Free Technical Support
The vendor shall provide a toll free customer technical support service accessible by telephone which shall be available during business hours and some special hours during NASA’s shuttle missions.  This service shall provide direct contact to knowledgeable experts in the typical operational use and troubleshooting of the provided server system. Support shall include both hardware and firmware installed in the system.  
6.3
Software Warranty 

For a period of one (1) year after delivery (i.e., acceptance) of the system that meets the technical requirements, the vendor shall provide “software warranty support” for all software/firmware licensed products utilized in the offerors solution.  This may include an uplift of the OEM’s standard warranty level and duration.  At a minimum, the following level of software warranty support shall be provided:

· 1-800 Telephone Technical Support

· 24 x 7 basis during NASA’s shuttle missions

· Acknowledgement of production problem recites with 24 hours

· Problem resolution or work around provided within 48 hours

· Fixes, patches, new releases
6.3.1
 Software Update Support 
Services for updates shall at a minimum incorporate the following characteristics:
a. Perfective maintenance – performed to enhance performance, improve maintainability, or to improve efficiency.
b. Adaptive maintenance – performed to adapt to changes in requirements or processing environments. 
c. Corrective maintenance – performed to identify and correct software, performance, and implementation failures. Seller shall provide a written procedure to escalate problem resolution. 
d. Maintenance upgrades – denoted by a version change such as 1.01 to 1.02.
e. Feature upgrades – denoted by a version change such as 1.0 to 1.1.
f. New releases – denoted by a version change such as 1.0 to 2.0.
6.4 Hardware & Software Maintenance Support

At the expiration of the warranty period, the vendor shall provide for the continuation of annual hardware and software “maintenance” support as an Optional Requirement (consistent with the requirements of paragraph’s 6.1, 6.2, and  6.3 and their subparts, which, if exercised, will be by the execution of a written subcontract modification and payment by Buyer of the required fees.
6.5
Installation

These encoders units shall be installed at the Fields Centers by UNITeS or subcontractor personnel in accordance with the Vendor provided installation procedures. Attachment 1 has location of these Fields Centers.  The procedure shall be generic for that equipment and shall be reproducible by UNITeS for dissemination to the field locations.  All Field Center equipment shall be delivered directly to MSFC for re-delivery to the field locations.  The Vendor shall provide a knowledgeable engineer/technician via telephone during the installation period to provide guidance and to facilitate response to any problems experienced during installation.
6.6
Training

The vendor shall provide training of operational and troubleshooting procedures for the system via a teleconference call that will be initiated by a UNITES person.  Equipment manuals and operation procedures required to be issued per encoder. An electronic version will be accepted.   

6.7
Acceptance Testing

   Video Quality Test Parameters

The proposed encoder units will be tested using a set of standard scenes and a Tektronix PQA500 Picture Quality Assessment unit.  The test setup will feed video from the PQA5001 as an HD-SDI SMPTE-292-2008 compliant data stream directly to the encoder under test.  The encoded video will be connected via Ethernet to a Sencore MRD3187A2 decoder.  HD-SDI from the Sencore will be fed to the PQA500 and recorded for comparison tests.  All of the video will be SMPTE 296M-2001, 720p 59.94. A Pesa Cheetah HD-SDI video router will be used to route video as required.  All of the connections to and cross points of the Cheetah have been verified for no errors using a SyntheSys Research HDVAQ292 signal analyzer. 

The video sequences are two water fountains, a waterfall, and a flight crew preparing to take-off.  The sequences are available as Apple ProRes 422 High Quality files from this web site: http://dtv.msfc.nasa.gov/  On the left side of the page, select the DTV Features hot button.  The sequences can be viewed in QuickTime, or downloaded for use. 

Please note the video sequences for the test were transferred to the PQA500 directly from the recorder types used for each sequence.  The video on the web site was recorded from the original recorder type to a Quvis wavelet recorder.  The wavelet file was played back and encoded in ProRes.   The wavelet recorder cannot add any mosquito noise or macro-blocking to the signal and has a quality level that exceeds HD-D5.

The following tests will be run on the video:

HD Broadcast Picture Quality Rating (PQR)

HD Broadcast Differential Mean Opinion Score (DMOS)

Peak Signal-to-Noise Ratio (PSNR)

Latency

Each test sequence will be encoded at 4 data rates: 8 Mbps, 12 Mbps, 16 Mbps, and 20 Mbps.  The rates are for Video Data rate, not aggregate with audio and transmission overhead.

The PQR test will be done using the Tektronix default values for the test.  The test generates a perceptual difference map and a Just Noticeable Difference (JND) rating.  The test mimics what a group of trained, but not expert viewers, would view as degradation from the original to the processed video.  JND numbers range from 0 to 100, with 0 being a condition in which no viewers would see any degradation in the processed video.  For this test, the perceptual differences are set to Typical and the tests are optimized for accuracy of image reproduction.  The test conditions simulate an ITU-R BT.500 viewing model, which are a CRT monitor and a human vision system response at a viewing distance of 5.0 screen heights.  The first 60 frames of test data for the PQR test will be discarded.  As the system is simulating human vision system response, the initial reaction to a picture is to grade high, only beginning to perceive the encoding artifacts after a time period.  Discarding the first 60 frames gets past that point of the test and ensures more consistency in the rating from that point forward.  The ratings for each frame of video will then be averaged to provide and overall score.  In the PQR test, a lower score is desirable.

 The DMOS test will be done using the setup values as the PQR test.  The DMOS test generates a perceptual difference map and a DMOS rating.  The DMOS test is also based on a trained viewers, but instead of using the reference file as the baseline, the group has been trained to what is a worst case scenario of the video and asked to rate the test video relative to the training.  The DMOS rating is expressed as a percentage.  0% indicates the highest possible rating and 100% being equal the worst case scenario.  The test conditions are the same as the PQR test.  And as in the PQR test, the first 60 frames of test data will be discarded to normalize the score.  The ratings for each frame of video will then be averaged to provide and overall score.  In the DMOS test, a lower score is also desirable.

The PSNR test will be the average of all the frames in the test.  PSNR is an absolute measurement comparing a frame in the reference file to the corresponding frame in the processed video.  It generates a root mean squared (rms) error that is relative to peak white 235, which supports ANSIT1.TR.74-200 for video testing.  The values for each frame will be averaged to provide an overall score.  The rating is in db.  A higher number is desirable for PSNR testing.     

 Latency will be tested end-to-end through the Sencore decoder.  A feature of the PQA500 is to begin a test recording immediately when playback of a reference scene is initiated.  When a test is to be started, the reference file is selected.  The first frame of video is displayed and output to the encoder.  When playback is initiated, the subsequent recording on the PQA will have a number of still images at the beginning of the test.  This corresponds to the number of frames required to encode and decode the video.   The number of still frames at the beginning of the test recording has been found to be a frame accurate count of the overall latency.

Total latency is not to exceed 60 frames for an encode/decode cycle without network latency.

Here are the minimum acceptable video quality ratings:

	8Mbps Data Rate
	PQA
	DMOS
	PSNR

	Big Spring Fountain
	<  7.3
	< 60
	 >29

	Embassy Suites Fountain
	<  4.9
	 < 31.5
	>32.5

	Water Fall
	 < 7.5
	< 61
	>28

	WB-57 Crew
	< 1.5
	< 2.5
	>40

	 
	 
	 
	 

	12Mbps Data Rate
	PQA
	DMOS
	PSNR

	Big Spring Fountain
	< 6.2
	< 48
	>30

	Embassy Suites Fountain
	< 4.2
	< 21.5
	>33.2

	Water Fall
	< 9.3
	< 34.6
	>29.2

	WB-57 Crew
	< 1.3
	< 1.9
	>40.5

	 
	 
	 
	 

	16Mbps Data Rate
	PQA
	DMOS
	PSNR

	Big Spring Fountain
	< 5.3
	< 36.5
	>31

	Embassy Suites Fountain
	< 3.7
	< 16
	>34

	Water Fall
	< 8
	< 26
	>30.5

	WB-57 Crew
	< 0.87
	< 0.89
	>41

	 
	 
	 
	 

	20Mbps Data Rate
	PQA
	DMOS
	PSNR

	Big Spring Fountain
	< 4.7
	< 27.5
	>31.5

	Embassy Suites Fountain
	< 3.5
	< 12.4
	>34.5

	Water Fall
	< 4.2
	< 22.5
	>31.3

	WB-57 Crew
	< 1.2
	< 1.2
	>41.1


1 The PQA500 is Version 2.0.0

2 The Sencore 3187A is ver. 6.3.1.  Decoders 1 & 2 – 6.3.1. the MPEG IP 1-3 – 2.0.4.240408
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Drawing #1

Note:  General equipment layout for NASA TV.
Attachment #1

NASA’s Centers / Location of Installed Encoders
2 encoder units to be installed at the following: 
· NASA Headquarters (HQ) Information Center, National Aeronautics and Space Administration, Washington, DC 20546. 
· Kennedy Space Center (KSC), Kennedy Space Center, FL 32899.

· Johnson Space Center (JSC), 2101 NASA Road 1, Houston, TX 77058.

1 encoder unit to be installed at:
· Ames Research Center (ARC), Moffett Field, CA 94035.

· Dryden Flight Research Center, (DFRC), P.O. Box 273, Edwards, CA 93523.

· Glenn Research Center (GRC), 21000 Brookpark Road, Cleveland, OH 44135.

· Goddard Space Flight Center (GSFC), Greenbelt, MD 20771.

· Jet Propulsion Laboratory (JPL), 4800 Oak Grove Drive, Pasadena, CA 91109 
· Langley Research Center (LaRC), Langley Station, Hampton, VA 23665.

· Marshall Space Flight Center (MSFC), Huntsville, AL 35812.

· Stennis Space Center (SSC), MS 39529.
1 encoder will be a spare and located in the DTC Project Office; Marshall Space Flight Center (MSFC), Huntsville, AL 35812

.
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