Statement of Work (SOW) for the Robotic Refueling Mission (RRM) Phase 2 Visual Inspection Poseable Invertebrate Robot (VIPIR) tool Video Borescope Assembly (VBA) camera tip and control electronics
1. Background
The Robotic Refueling Mission (RRM) is a technology demonstration test bed that was flown to the International Space Station (ISS) on-board the Space Transportation System (STS) 135 mission in July 2011.  RRM is meant to demonstrate and test the tools, technologies and techniques needed to robotically service and refuel satellites in space, especially satellites that were not originally designed with servicing in mind.  RRM is expected to reduce risks and lay the foundation for future robotic servicing missions in microgravity.

The Special Purpose Dexterous Manipulator (SPDM), or Dextre as it’s commonly known, is a two-armed robotic manipulator that is part of the ISS’s Mobile Servicing System (MSS).  Dextre is used to retrieve four unique tools stored in RRM’s tool bay and use them to perform a series of servicing demonstrations.  The outer surfaces of RRM are comprised of numerous task boards that contain mock components representative of various satellite interfaces.  Dextre uses the RRM tools to demonstrate a full suite of satellite servicing and refueling tasks, including cutting and manipulating protective blankets and wires, unscrewing caps and accessing valves, transferring fluid, and leaving a new cap in place for future refueling activities.  To date, RRM and Dextre have successfully performed two rounds of joint operations on-board the ISS.

[image: image1.jpg]


[image: image2.jpg]


[image: image3.emf]








Figure 1 – The Robotic Refueling Mission test bed. The 4 stored tools are shown on the front face in addition to the various test fixtures and task boards.
2. Introduction
NASA Goddard Space Flight Center (GSFC) is currently developing RRM Phase 2. Phase 2 will involve the launch of an additional tool and task board on a European H-II Transfer Vehicle (HTV), SpaceX Dragon, or another launch vehicle in 2013.  ISS crew members will transfer the new hardware through an airlock on ISS and into RRM during a scheduled robotic sortie.  The additional tool in development is referred to as the Visual Inspection Poseable Invertebrate Robot (VIPIR) tool.  VIPIR will consist of an extendable and retractable borescope with an articulating tip.  The VIPIR tool is conceived as a close quarters inspection tool capable of accessing hard to reach areas of satellites.  Conceptually, VIPIR can be envisioned as being used to inspect inaccessible locations such as behind a sheet of thermal blanketing material, into a satellite’s plumbing, or perhaps even deep inside the unreachable crevasses of a spacecraft bus.

The borescope section of the VIPIR tool is currently known as the Video Borescope Assembly (VBA).  The articulating end of the VBA will contain a camera tip that includes a miniaturized camera sensor, integrated LED lighting, optics and accompanying electronics.  Additionally, the camera tip will require a length of harnessing that carries the power and data of the camera tip back to the camera interface control electronics that will be housed in the tool’s reel assembly.  This Statement of Work (SOW) is meant to serve as a formal declaration of the roles, responsibilities, and expectations between NASA GSFC and the Contractor on the development of the camera tip and associated control electronics for VIPIR’s VBA.
3. Camera Tip and Video Processor Unit (VPU) Technical Requirements
To date, NASA GSFC is unaware of any similar type borescope system that has flown in space.  As such, the development of the VIPIR tool represents a unique challenge to push the boundaries of technology in this area.  Due to the short development schedule of the VIPIR tool, NASA GSFC has decided against developing a fully ruggedized, space-qualified design from the ground up.  Instead, NASA GSFC hopes to ruggedize a Commercial Off The Shelf (COTS) videoscope for use in the space environment.  This path forward represents it’s own challenges and difficulties.

From this point forward in the document, the term, “camera tip and video processor unit” is assumed to mean the camera tip with integrated camera sensor and LED lighting, the associated electronics control board required to operate the camera & lighting, and broadcast, as well as the harnessing necessary to connect the two.

The following requirements are presented as mandatory requirements that must be met for the final versions of the camera tip and VPU hardware as delivered by the Contractor. NASA is responsible for the integration of the VBA tip and video processor unit to the rest of the system.
	#
	Specification
	Details
	Value

	1
	Mechanical
	Maximum outer diameter of the camera tip
	9.5 mm

	2
	Mechanical
	Maximum length of the camera tip
	19 mm

	3
	Mechanical
	Maximum cable harness length for both the camera and lighting cables
	1220 mm

	4
	Mechanical
	Maximum cable harness diameter for both the camera and lighting cables
	3 mm

	5
	Mechanical
	Minimum cable harness bend radius
	13 mm

	6
	Mechanical
	Minimum bend cycles for cable harness
	1000 cycles

	7
	Electrical 
	Maximum current for Control Electronics (Camera)
	0.5 Amp @ 15 V

	8
	Electrical 
	Maximum current for Control Electronics
(LED lighting)
	0.5 Amp @ 15 V

	9
	Optical 
	Video Output format of camera
	Capacitively Coupled NTSC

	10
	Optical
	Minimum camera sensor resolution
	*Note 1

	11
	Optical
	Camera Field of View (FOV)
	90(

	12
	Optical
	Maximum camera Near Depth of Field (DOF)*Note2 
	5 mm

	13
	Optical
	Minimum camera Far Depth of Field (DOF)*Note2
	70 mm

	14
	Optical
	Camera best focus distance*Note2 
	~ 10 mm

	15
	Optical
	LED Lighting 
	Integrated


*Note 1: Camera Sensor Resolution:


The camera tip / lens system shall be able to resolve Group Number 2 of Element 4 of a United States Air Force (USAF) 1951 Resolution Target at the system’s best focus distance.  At roughly 10 mm, this equates to a resolution of approximately 5 lp/mm.
4. Statement of Work

The Contractor shall provide all of the necessary labor, materials, equipment, management and facilities to fabricate, test to a limited extent, provide documentation for, and deliver each version of the camera tip discussed below; expect where noted otherwise
In the performance of this effort the Contractor shall provide the following:
1.  The contractor shall:

a. Fabricate and delivery to NASA GSFC:
i. Quantity 15 – 20 (final amount TBD by NASA GSFC) units of the custom camera head tip and associated harnessing that meets the requirements stated in Section 3 of this SOW.
ii. Quantity 1-2 units of a commercial Video Processor Unit (VPU) that will accept the raw output of the camera head tip and provide and NTSC outputted signal.  The VPU must also control the on/off capabilities of the integrated LED lighting inside of the camera head tip.

b. Documentation

i. All documentation requested below will be delivered electronically in a non-facsimile text searchable format.

ii. The Contractor shall supply NASA GSFC with a parts list for its camera tip and associated harnessing.  The Parts list shall include every individual component that comprises the camera tip and harnessing. The list shall include the original equipment manufacturer (OEM) of each part, part number, traceability lot, and traceability to upper level parts diagrams of the mechanical ICD.  
iii. The Contractor shall supply NASA GSFC with mechanical CAD models and a mechanical Interface Control Document (ICD) for the camera tip that details the exact dimensions and internal structure of the final delivered units.

iv. The Contractor shall supply NASA GSFC with an electrical Interface Control Document (ICD) detailing the electrical interface of the camera tip and Video Processor Unit (VPU) electronics.  This document shall contain detailed specifications regarding the pin outs of the control boards, the format and structuring of the camera data packets, the format of any camera command blocks (if applicable), as well as any other pertinent information that GSFC will need to power, control and command the camera tip and associated electronics without the Contractor’s VPU.  Additionally, the Contractor must supply an ICD detailing any advanced capabilities of the camera sensor such as automatic gain control (AGC), windowing, tiling, command functions, etc., if applicable. 
Figure 2 – Artist conception of RRM installed on ELC 4 while the Dextre robot retrieves a tool from the stowage bay. 





Figure 3 - Conceptualized mechanical drawing of the VIPIR tool.
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