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1.0 Introduction and Scope

The Instrument Incubator 2004 (IIP-2004) NASA Research Announcement (NRA) solicits instrument design, engineering model construction, lab demonstrations, and field demonstrations for innovative measurement techniques that have the highest potential to meet the objectives of the IIP-2004 and the measurement capability requirements for NASA's Earth system research.  The IIP-2004 is a science driven technology development program that seeks to demonstrate key technologies, sub-systems and system concepts in a relevant environment.  

The NRA identifies specific target observations including global observation of tropospheric wind profiles.  Direct observation of the global wind field would be extremely valuable for numerical weather prediction, as well as scientific diagnostics of large-scale atmospheric transport, weather systems, and boundary layer dynamics in Earth's atmosphere and other planets in our Solar System and beyond. Because of the lack of reliable, sufficiently dense, and accurate wind observations, uncertainties in model-derived estimates of divergent flow component of the global atmospheric circulation constitute a serious limitation in our understanding of the global energy cycle and the atmospheric transport of water, energy, and chemical species. 

The Goddard Space Flight Center (GSFC) Doppler lidar team will be submitting a proposal to the IIP-2004 NRA which was released in August 2004.  This partnership opportunity is being issued to select one or more teaming partners to contribute enabling technologies and/or engineering capabilities to the technology demonstration.  Partners from industry, universities, other NASA Centers or government agencies will be considered.  The partners will be expected to contribute to the preparation of the initial proposal submittal; assist in the engineering design phase of the project if selected; and to oversee the development of the contributed Doppler lidar enabling technology, system or sub-system should the proposal be selected.  For the portion of this partnership opportunity dealing with the preparation of the initial submission to the IIP-2004 NRA there will be no exchange of funds between the teaming partners.  Some funding will be available for the engineering design and subsequent phases should the Doppler lidar proposal be selected.  Cost sharing arrangements will be viewed positively but are not required. The NRA specifically encourages teaming.

2.0 Overview

Global measurement of tropospheric winds is of critical importance for improved understanding of dynamic processes in the atmosphere.  More specifically it is recognized that direct observation of winds will significantly improve numerical weather prediction capabilities.  For the past two decades NASA GSFC has been involved in the development of direct detection Doppler lidar techniques and technologies to meet the global tropospheric wind observational requirements.  Direct detection Doppler lidar refers to approaches that utilize non-heterodyne techniques to measure the Doppler shift of the laser light backscattered from atmospheric aerosols or molecules.  Direct detection Doppler lidars typically use a high spectral resolution optical filter or interferometer to measure the Doppler shift.   Coherent or heterodyne techniques are also under development but the use of coherent detection relies exclusively on atmospheric aerosol backscatter.  Recently, scientists have proposed the combination of the two approaches into what is often referred to as a ‘hybrid’ Doppler lidar.  This partnering opportunity refers specifically to the development of the direct detection Doppler lidar components and sub-systems, although the system level demonstration of these technology elements may be as a stand alone lidar system or as part of a ‘hybrid’ system.       

The primary goal of the global tropospheric winds IIP development program will be to advance the technology readiness level (TRL) of the key enabling technologies and sub-systems of the Doppler lidar system.  It is expected that the exit TRL of the program will be such that the system is competitive for mission development as an Earth System Science Pathfinder or similar mission AO.   The key technologies and sub-systems for a direct detection Doppler lidar have been identified in the NASA Earth Science technology road maps (http://estips.gsfc.nasa.gov). These technologies include: 1) efficient, solid-state, single frequency lasers operating in the ultraviolet (nominal wavelength of 355 nm); 2) advanced telescopes and scanning concepts to allow off-nadir angles of 30-45 degrees and the ability to rapidly address multiple azimuth angles; 3) high quantum efficiency, single and multi-element detectors with low internal noise to allow quantum limited photon detection in the ultraviolet (nominal wavelength of 355 nm) and 4) high spectral resolution filters or interferometers and 5) range gated data acquisition and instrument control electronics for collection and storage of the collected lidar signals. 6) Platform & Earth motion Doppler compensation.

Schedule (estimated):


NRA release



August 19,2004


Notice of Intent 


September 20,2004


Proposals due


November 2, 2004


Selection



December 2004 (estimate)

3.0 Current Instrument Description

The Doppler lidar system is an integration of several main sub-systems.  Within each sub-system there may be key component technologies which represent critical functionality to the instrument.  Identification of the technology challenges and solutions for a direct detection Doppler lidar system at the sub-system and component technology level and mitigation of the associated risk is the major objective of the Tropospheric Wind Lidar IIP program.  A block diagram of a typical system identifying the major subsystems is shown in Figure 1. The design draws on the heritage of the Zephyr Project, a New Millennium Program study to fly a direct detection Doppler lidar on the Shuttle and the GLOW (Goddard Lidar Observatory for Winds) mobile direct detection Doppler lidar. 

[image: image1.jpg]Laser

Solid state,
single frequency lase
Wavelength: 355 nm

Telescope/scanner

Data Acquisition

and Control

0.3 to 0.5 m diam
45 deg nadir angle

Real Time data
ingest and
processing

Rapid access to multiple
azimuth angles

Doppler Receiver

Single photon detectors; |
High spectral
resolution filters

1





Figure 1 – Block diagram of Doppler lidar system

Respondents to this solicitation should identify one or more of the sub-systems as their primary area of expertise and describe in sufficient detail the nature of their contribution to the partnership (e.g. specific technology; expertise or capability) and the impact or benefit that contribution will have for the direct detection (or hybrid) Doppler wind lidar.  The expected entrance technology readiness level (TRL- see appendix for definitions) for technologies and sub-systems to the IIP is TRL 3-5 and the expectation is that the exit TRL level will increase by at least one level at the completion of the IIP project.  For the purposes of this Partnering Opportunity Document an exit TRL level of 6 is targeted for the direct detection Doppler lidar system and technologies.  Respondents should identify the entrance TRL of their proposed technology or sub-system, show how the TRL will be advanced in the course of the IIP to a TRL level of 6 and also indicate a development path beyond the IIP to eventual application in a spaceborne global tropospheric wind mission.     

4.0 Lidar system requirements

The following sub-system and lidar component technology requirements are derived from the Global Tropospheric Wind technology roadmaps for direct detection Doppler lidar.  These reference requirements represent an intermediate performance consistent with the IIP exit TRL of 6.  The technologies employed should be consisitent with eventual space born wind lidar application with suitable additional development.

4.1 Laser

The laser light is transmitted to the atmosphere and provides the backscattered signals used in the determination of the wind profile.  The laser transmitter technology utilized in this IIP project is to be pulsed, all solid state laser technology.  Nominal requirements are 

Wavelength:                   345 -355 nm 

Transverse mode 

: TEM00

Longitudinal Mode

: Single Longitudinal Mode; Single frequency

Pulse length


: >10 ns

Spectral linewidth

: < 200MHz @ operating wavelength

Frequency stability 
: < 5 MHz over 30 seconds

Average Power               : >2.5W @ operating wavelength

4.2 Telescope/scanner

The telescope collects the laser light backscattered from the atmosphere and directs it to the Doppler receiver.  The telescope will be operated with a scan angle of between 30 and 45 degrees.  The telescope optical system shall have the ability to address multiple azimuth angles by mechanical scanning or other means.

Telescope aperture:


30 to 50 cm  

Angular Field of View:


<200 microradians

Design wavelength:


345-355 nm

Scan pattern:



Conical; step and stare

Minimum number of lines of sight:
2

Maximum number of lines of sight:
32

4.3 Detectors

The detectors are used to quantitatively convert the collected photons into measurable signals.  The detector technology is not specified but must have high quantum efficiency in the uv and low internal noise consistent with the ability to detect single photons.  Detector size must be compatible with the telescope aperture and FOV as defined above.

4.4  Doppler Receiver

The Doppler receiver is used to measure the Doppler shifted frequency of the laser signal backscattered from the atmosphere.  The wind speed along the line of sight of the laser is proportional to the Doppler shift.  Direct detection Doppler lidars typically utilize high spectral resolution optical filters or interferometers to make this measurement.  Filters and interferometers with high spectral resolution and transmission in the ultraviolet and associated optical systems for interfacing to the telescope/ scanning optics and detectors described above are required. 

4.5  Data system and electronics

Data acquisition and control electronics to sample, store and process the incoming detected signals are required.   

5.0  Respondent Support

5.1  Initial Proposal Support

Statement of Work:  The selected respondents shall provide support using their own resources to help develop and write the IIP proposal in response to the NRA in the area(s) identified in the partnering agreement.  This will involve meeting with the scientists and the engineering team to help define the end-to-end performance requirements, including inputs to the thermal, electrical, mass, and power budgets as well as in the definition of the architecture and interface and to predict performance. This will include cost estimation for all project phases and detailed definitions of milestones, schedule and expected deliverables.  The period of performance for this interval is expected to last 2 months, and start in mid-September 2004.

6.0  POD Response Instructions

6.1Instructions for Pre-Selection Support

The respondents shall:

1) Demonstrate understanding of the Doppler lidar wind measurement concepts under consideration.

2) Demonstrate the means of addressing system or sub-system requirements as currently specified

3) Highlight particularly critical or challenging areas of the technology or sub-system identified by the respondent and describe how it impacts the design and performance of the Doppler lidar system.

4) Recommend potential study topics related to the Doppler lidar wind measurement.

5) Indicate what level of resources would be allocated to the proposal phase of support.

6) Discuss skills which will be provided, ideas on what level of conceptual design and important analysis and trade studies which might be needed.

7) Identify any pertinent missions or instruments for which the respondent has provided support for proposal writing in the areas of system design, fabrication, integration and testing.

6.0 Development Support

Statement of Work:  If the Doppler Lidar Wind Instrument is selected for development, the respondent will be responsible for the design, development, and testing of the lidar component or sub-system that the respondent provides.  The respondent is responsible for identifying the relevant requirements.  The period of performance for this interval is expected to last approximately 30 months, and start in approximately March of 2005.  This date will change depending upon selection timelines and budget allocations.

6.1  POD Response Instructions for Development Support 
The respondents shall:

Identify available design and modeling capabilities required to support development of the relevant lidar component or system and what level of experience in similar systems important personnel have.

· Identify fabrication and testing facilities that will be required to support development and test of the relevant lidar component or system.

· Identify which missions or instruments they have successfully supported in this capacity and provide a customer reference point of contact.

· Provide basic information on scope of work, and how well the fielded system met the requirements (cost and technical) as well as how well they met the proposed schedules.

· Provide a Rough Order of Magnitude (ROM) cost estimate and timeline for the scope of the design, fabrication, and testing of the lidar component or system.

  7.0  Additional Information

For pre-selection or development support, the respondent can provide any additional information on any other pertinent missions or instruments for which his/her establishment and any partners/vendors proposed, have provided hardware or support, and identify the relevant details of similar systems.  Also, identify any other ideas and related activities, which your organization is or has been involved with, and the significance of that activity to Global Tropospheric Wind Profile Measurements.

8.0 General Instructions

Potential respondents are asked to contact the Contracting Officer within one week after release of this document.  This contact shall not be considered binding, but shall be used as the distribution list for any additional correspondence  The Dopplar Lidar contact is Ms. Ann Kearney (ann.l.kearney@nasa.gov).

Questions concerning this POD may be asked during the first week after release of this document.  All questions and answers will be documented and provided to the entire distribution list.  The source of the questions will not be disseminated.    All questions should be submitted to Ms. Ann Kearney (ann.l.kearney@nasa.gov)



The respondents shall address the requirements of this Partnership Opportunity Document and provide the requested information in the form of both hardcopy (Ten copies) and in a digital format of common office software (e.g. MS Word, PowerPoint, Portable Document Format (PDF), etc.).  The presentation package shall be limited to 15 pages in length.  The font size for the text shall be no smaller than 12 point.

The respondents shall identify the information, if any, contained in the presentation packages, which constitute trade secret and/or information that are commercial or financial and confidential or privileged. 

Responses will be treated as proprietary information and controlled as such.

Presentation packages must be received by 6:00 p.m. Eastern Standard Time (EST) September 28, 2004.  Please provide 8 copies of the presentation and deliver them to:

Mr. Bruce Gentry NASA Goddard Space Flight Center

Code 912

Building 33, Room A407

Greenbelt, MD  20771

Bruce.m.gentry@nasa.gov

All respondents that intend to make presentations must provide written or electronic notice by 6:00 p.m. (EST), September 21, 2004 .  Notice may be by e-mail to Mr. Bruce Gentry @ bruce.m.gentry@nasa.gov, or in writing to the above address.
Oral presentations will be conducted at GSFC, October 4-5, 2004.  Requests for remote presentations via phone, video or Internet conferencing will be accepted pending availability of suitable facilities.  Presentations will be scheduled in two-hour blocks.  Speakers will have one hour to present and the second hour will be used for questions and answers.

9.0 Selection Criteria for Awarding Partnership Opportunity

Selection criteria will be consistent with the desire to encourage cost effective partnerships between the Government and industry.  The information requested will allow the evaluators to determine how well the respondents understand the Tropospheric Wind Lidar requirements.  The following are criteria in selecting a partner for the Tropospheric Wind Lidar proposal :  

9.1 Selection Criteria

Technical Merit of Proposed Concept 

· Ability to support the initial proposal and design study.

This includes experience and past performance, commitment of adequate resources as well as understanding the requirements for these phases.

· Understanding of mission requirements and proposed technical response.

· Relevance of the proposed technology, sub-system or engineering capability to the overall Tropospheric Winds instrument development.

· The identification of high-risk areas and plans for mitigation 

· Suitability and availability of facilities and other required resources.

· Identification of current technology readiness level of the proposed technology or sub-system and definition of a path to advance the TRL to level 6 within the scope of the IIP effort. 

·  Definition of a development path beyond the IIP leading to spaceborne application of the proposed technology or sub-system.
Relevant Experience and Past Performance

· Past performance and experience with similar instruments, missions and/or key mission components. 

· Past performance at meeting proposed technical, cost, and schedule performance

Management Approach 

· Ability to manage cost, schedule and delivery of the proposed technology or sub-system.  The management structure and controls shall be consistent with the scope of the Tropopsheric Winds Instrument Incubator Project.

Cost Sharing 

· Identification of significant cost sharing or leveraging for the proposed technology, sub-system or engineering service.
10.0 Acronyms List

NRA

NASA Research Announcement

POD

Partnering Opportunity Document

POC

Point of Contact

GSFC

Goddard Space Flight Center

TRL

Technology Readiness Level

TBD

To Be Determined

APPENDIX A

DEFINITION OF TECHNOLOGY READINESS LEVELS

TRL 1
Basic principles observed and reported

TRL 2
Technology concept and/or application formulated

TRL 3
Analytical and experimental critical function and/or characteristic proof-of-concept

TRL 4
Component and/or breadboard validation in laboratory environment

TRL 5
Component and/or breadboard validation in relevant environment

TRL 6
System/subsystem model or prototype demonstration in a relevant environment (ground or space)

TRL 7
System prototype demonstration in a space environment

TRL 8
Actual system completed and "flight qualified" through test and demonstration (ground or space)

TRL 9
Actual system "flight proven" through successful mission operations
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