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Category legend:  G = General comment, S = Substantive comment, A = Administrative (not shown)

	Section Reference
	Organization
	Status
	Cate-

gory
	Comment
	Ent-ry #

	Apndx A - Enroute Apps
	Storm 
	Corrected
	S
	One puzzling piece of text.  Lines 1 and 2, Note 09 of Enroute Applications, Page 53, state that “Driftdown is the tendency of the aircraft to drift down in altitude. This tendency is greatest over mountainous terrain.” As a long-retired military and airline pilot, I have never heard of this phenomenon, and have certainly never observed it. I don't understand why it should occur with a modern autopilot, and I particularly don't understand what mountainous terrain below the aircraft would have to do with it. It can't be due to the use of a standard altimeter setting while traversing changing pressure gradients, since this causes one's absolute altitude to either decrease or increase as the flight proceeds. Maybe, of course, I'm more out of touch with current aircraft handling than I thought! Still, while my ignorance is outside the bounds of expected comment, I would be most grateful for an explanation of, or a reference to, this phenomenon. 
	1

	
	ALPA/Delta
	Incorporated
	S
	One piece of information, You have as one of the goals to reduce takeoff visibility to 300 RVR. Currently at Delta we do 300 RVR take offs with our HUDs. That may be a good point to bring up for the SVS project.
	2

	Abstract
	NATCA
	Incorporated
	S
	Abstract:  SVS “provides increased safety.”  As this is not proven, it may be more accurate to say it is expected to enhance safety.
	3

	Intro
	NATCA
	Added to Issues List
	G
	Introduction, page 3 -- The increase in accidents in low visibility conditions is cited here.  Use of SVS will require additional pilot workload and awareness of traffic.  It seems possible that diverting pilot attention from normal duties may have an unforeseen, negative impact on safety.
	4

	2.3.2
	NATCA
	Added to Issues List
	G
	Pilot Separation Responsibility, 2.3.2, page 22 -- Turning over separation responsibility to pilots will require procedures regarding when it can be turned over and how it would revert to the controller.  From a controller perspective, workload and frequency congestion may be lower using present procedures and maintaining separation responsibility.
	5

	2.3.4.1
	NATCA
	Added to Issues List
	G
	IMC Departures, 2.3.4.1 -- Pilot human factors study would have to validate an acceptable increase in pilot workload using SVS and acceptable system readability and reliability.
	6

	2.3.4.2
	NATCA
	Incorporated
	G
	Parallel Approaches, 2.3.4.2 -- There are considerations independent of available technology (such as SVS or ADSB) that limit where parallel approaches will be feasible.  In environments such as New York TRACON or Bay TRACON, setting up a parallel final has impact on control positions and operations at nearby airports or airspace, possibly making the procedure unworkable.
	7

	2.3.4.2
	NATCA
	Added to Issues List
	G
	Extensive Human Factors work will need to show acceptable controller and pilot workload while using procedures and equipment associated with SVS.
	8

	2.3.4.2
	NATCA
	Added to Issues List
	G
	ALPA has maintained opposition to pilot assumption of separation responsibility other than as used today with visual approaches.
	9

	Display Clutter
	NATCA
	Incorporated in 2.2,

Added to Issues List
	G
	Display Clutter -- Given the number of possible tools that can be displayed on the SVS, clutter would seem to be likely if several are displayed at once.  Potentially, a pilot could simultaneously be using the wake turbulence, terrain, parallel approach, weather, LAHSO, runway incursion, missed approach, path accuracy and VASI tools all at once.
	10

	Apndx A - Approach Apps
	NATCA
	Added to Issues List (Controller Workload)
	G
	Wake Turbulence Tool, Appendix A, p.45 -- The benefit is limited because controllers would presumably be responsible for ensuring normal wake turbulence separation was applied until advised by the pilot that the new tool on the SVS is being used.  It will require transmissions and time on frequency to pass this information and an instruction to execute a new procedure to maintain wake separation using the SVS.  The controller will have to be cognizant of which aircraft are so equipped.  Controller workload may not decrease overall even if pilots are responsible for separation.
	11

	Apndx C - 8.5, 8.7
	NATCA
	Incorporated
	G
	Predicted Benefits, Appendix D, 8.5, 8.7 -- Significant benefits are predicted with SVS use on approaches to parallel runways.  As stated above, parallel approaches may not be feasible at EWR, JFK and elsewhere if operations in adjacent airspace or to nearby airports do not permit them.
	12

	Mixed Equipage
	NATCA
	Added to Issues List
	G
	Mixed Equipage (SVS, non-SVS) -- This will be a fact of life.  From a controller perspective it requires a method to advise the controller of equipage, awareness of the equipage by the controller, grouping like-equipped aircraft and segregating non-equipped aircraft.  These duties coupled with the procedures and phraseology inherent in any new procedure will likely increase controller workload.
	13

	
	FSF
	Moved to Addendum
	G
	Overall, the document is comprehensive and well written.  It covers most of the required information, and in enough detail to make it useable and understandable.
	14

	
	FSF
	Incorporated
	S
	I have detailed my concerns previously on the lack of focus on Approach and Landing in your goals (although the area is covered extensively and very well in the document).  I also think NASA AvSP is putting a little too much emphasis on the commercial aspect of selling the SVS system.  As an example, let me point out that EGPWS has no real commercial value, but it is not only desired, but required on all part 121 aircraft because it reduces the risk of CFIT so much.  I would think that a system that will _make every flight the equivalent of clear-day operations_ would also reduce the risk of approach and landing accidents so much that it would sell for its safety contribution, just like EGPWS. It will obviously have commercial benefits also. I think the value of the contribution of the SVS system in departure and enroute phases of operations will be minimal.  It_s use in loss of control situations is very also debatable, but worth at least mentioning, as you do.  I am a little confused by the statement on p. 32 that _&it seems that the two key areas NASA SVS should give added attention to are the taxi and departure phases._  I don_t understand exactly what _added_ refers to.  Do you mean attention beyond your stated goals of CFIT and RI, or that these are the primary areas to receive attention ?   In either case, the areas of taxi and departure are both very weakly supported by safety data as areas of emphasis.
	15

	
	AFWA
	Added to Issues List
	G
	SVS has immense potential as a simulation tool, but is only briefly touched upon--enhance #22, pg. 43.  Bring up the subject much sooner in the document too.  Additionally, weather is treated almost as an afterthought throughout the document, but it is the impetus for the SVS.  I believe weather should be treated with the same enthusiasm as any other physical hazard.  DoD is working hard to create realistic weather scenarios. If you're interested review the attached document.  Our web site will help also.  I believe you may be most interested in the Cloud Scene Simulation Model (CSSM).
	20

	2.3.2.5
	AFWA
	Incorporated
	S
	Para 2.3.2.5, item 9, pg. 27, last sentence.  Delete “perhaps” since weather must, in my mind, be depicted. 
	21

	2.3.1.1
	Rockwell-Collins
	Done
	G
	The nature of the document provides concepts of operations.  I was hoping to find more on specific operational approaches in the document.  It seemed to kind of treat SVS as some combination of about every technology available today and in the future.  Some of these technologies are not technically viable or cost effective at the present time or in the near future.  The whole SVS program many address this aspect later, but I am not aware of all the future planning.  It would be beneficial to have some guidance as to the bounds of what will be feasible to consider for SVS.  Section 2.3.1.1., Page 16
	22

	2.2
	Rockwell-Collins
	Added to issues. Some Incorporated, but Research TBD should be Added to Issues List
	S
	It was not clear as to whether the SVS primary inputs would be from on-board sensors or terrain data or both.  Past experience indicates that this aspect needs to be considered carefully. Section 2.2, Page 15, paragraph Sensor Displays.   As examples:  A) MMWR and FLIR have been shown to have problems in either achieving the necessary performance technically or within reasonable cost for the markets being addressed here.  This creates significant problems particularly on low approaches.  B) The source of terrain databases may not support the accuracy necessary to provide SAFE terrain clearances for the operations described.  Maybe the last shuttle data is acceptable, but past data is a problem.  C) How will structures and man made changes be addressed in the database for SVS around airports.  Maybe this will use some radar to find and identify these real time changes.
	23

	2.5
	Rockwell-Collins
	Added to issues. Incorporated and Added to Issues List
	G
	The problem of pilot error and mistakes have been shown to be contributory factors for most accidents and incidents in all category of aircraft operations.  I was surprised that human factors was not identified as a primary issue in the SVS program.  Section 2.5, Page 33.  Suggest adding an appropriate paragraph.  “7.  Pilot error has been identified by the FAA as a major contributor to most accidents.  Can an SVS be defined that will allow the pilot to make correct decisions every time even under failure conditions?  How will workload be addressed under the SVS scenario?  (Comment:  Since SVS will present data to the pilot as valid data, care must be taken to ensure NO misleading data is presented whether due to failures or to accuracy.)”
	24

	2.5
	Rockwell-Collins
	Added to Issues List
	G
	The display of synthetic data that is usable by the pilot was not identified very clearly as a specific issue that needs addressing.  There have been a lot of attempts to provide this type of data on HUD and HDD.  The cues particularly of HDD have not been acceptable on a lot of displays evaluated in the past.  It is suggested that this aspect may need to be identified as an issue.  Section 2.5, Page 33.  Suggest adding an appropriate paragraph.  “8.  Can the cues presented to the pilot on SVS be made sufficient to provide the ability to safely fly the SVS displays?”
	25

	3
	Rockwell-Collins
	Added to issues.

Corrected, and Added to Issues List
	G
	The text indicates that a cost-benefits analysis has been performed.  Have specific cost targets been established?  If so, has the analysis showed that the SVS will indeed be cost effective for programs like AGATE?  Such an analysis is basic to making a viable SVS program.  Section 3, Page 34.  Added a paragraph to this section.  “A detailed cost-benefits analysis will be conducted to identify technologies that have the necessary technical attributes that will be cost effective for aircraft selling below $200K.”
	26

	2.3.4.5
	Rockwell-Collins
	Added to Issues List
	G
	Crew fatigue has been identified as a factor in accidents such as CFIT.  It is not clear that EGPWS will alleviate this problem.  Section 2.3.4.5, Page 31.  Suggest adding an appropriate sentence.  “Crew fatigue has been a cause of CFIT accidents that likely would not have been prevented by EGPWS, TAWS or similar technology systems.  Investigation will be made to determine the approaches that will address this problem.”
	27

	
	Rockwell-Collins
	Done with #22
	G
	Is there a schedule showing the availability of cost effective technology and millstone accomplishment?
	28

	
	Rockwell-Collins
	Requirements Document to Follow
	G
	In summary, the concepts paper is a necessary activity.  An approach that identified a more specific path for the SVS was expected
	29

	
	Vigyan
	Added to Issues List
	G
	SVS brings to mind some shortfalls in local simulations, some of which can only produce visibility restrictions (faded images) as their only weather impact.  If Synthetic Vision ever evolves to include passive sensors that can produce a real image of the real runway/taxiway, then a simulation capability must accompany the capability in order to assess and understand when the sensors will and will not work in the real atmosphere.  This simulation capability must include the atmospheric attennuators of the sensor signal, such as drop size distribution, and must be based on measured drop size distributions for fogs of various types, for rain and for snow. It must evolve with time in a realistic way (such as a marine fog spreading across the airport; and fog break-up/dissipation in late morning).  It must include real runway/edge contrasts for intended use airports as well time of day effects on contrasts for visible, IR and millimeter wave (Radar) sensor systems.
	30

	
	AFRL
	Added to Issues List and Requirements Document to Follow
	G
	1)  How, exactly, pilots control what is displayed on each display and when.
	31

	
	AFRL
	Added to Issues List and Requirements Document to Follow
	G
	2)  How, exactly, head-up and head-down displays are integrated.
	32

	
	AFRL
	Added to Issues List and Requirements Document to Follow
	G
	3)  How, exactly, sensor and artificial imagery are integrated.
	33

	
	AFRL
	Added to Issues List and Requirements Document to Follow
	G
	4)  How, exactly, pilots are guided back to the path or some other desired point after leaving a pathway-in-the-sky to avoid a displayed hazard.
	34

	
	AFRL
	Added to Issues List and Requirements Document to Follow
	G
	5)  How, exactly, pathways in the sky will be flown and with what precision (e.g., What's the narrowest pathway we need or should expect pilots to be able to fly?  Will this depend on wind, visibility, other traffic, etc.?  Will the pathway help the pilot compensate for these factors (by showing correct bank and/or crab angle for a given crosswind, for example)?).
	35

	2.1
	ALPA
	Incorporated, but a valid requirement
	G
	Section 2.1 Operational Function of the SVS  Pg. 14 (second paragraph).  Provide precision 4D navigation information. The SVS will provide flight information for precision flight path navigation using GPS. However, no mention is made concerning the use of existing ground based nav sensors, as a sensor input or backup to the GPS based SVS system.  While ALPA realizes that this section describes an operational concept, we are concerned that this paragraph proposes an SVS nav system, that is intended to be a sole means [GPS] sensor specific system. We believe nav systems are in need of backup inputs to provide the needed integrity and reliability to meet the tighter tolerances in an “RNP world”.
	36

	2.2
	ALPA
	Open and Wx Incorporated into 2.2
	G
	Section 2.2 SVS elements virtual visual environment. Pg. 14 & 15 (2nd paragraph and sub paragraph 1-7)  These paragraphs discuss the virtual visual environment and its expected elements. However, no mention is made that the pilot will or will not have the ability to actually view the real world through some means such as side or forward windows during all phases of flight. The discussion tends to lead the reader to believe that SVS will provide all input to the pilot. ALPA has concerns that no mention is made of conditions such as icing, rain, night, cloud conditions, non-TCAS traffic, etc., and whether they will be available to the pilot on any given flight.  Again, we realize that this document represents an Ops Concept, but we wish to avoid any misconceptions of what SVS can and will replace as a sensor system.
	37

	2.3.1.2
	ALPA
	Incorporated
	S
	Table 3.1 Operational Implications of RVR Pg. 20. The table uses taxi speeds of 25kts for straight ahead taxi. In daily operations few aircraft reach a speed this high. The Boeing 757/767 manual recommends a maximum taxi speed of 20kts straight ahead and 10kts in turns. These speeds are also valid for the 737, 747 and MD-80 aircraft. While five knots is not a large difference, it could change the operational scenario causing RVR 150 to be the minimum value acceptable.
	38

	2.3.2.1
	ALPA
	Added to Issues List and Requirements Document to Follow
	G
	Section 2.3.2.1 Departure Procedures Pg. 22.  This discussion does not take into account possible problems with an intermix of aircraft such that some aircraft might be SVS equipped, while others are not equipped. This could also affect separation issues and would be a factor for ATC and the pilot.
	39

	2.3.2.1.2
	ALPA
	Added to Issues List
	G
	Section 2.3.2.1.2 Enabling closely-spaced parallel IMC departure Pg. 23.  Same problem as number 4. While some benefit might be gained, it is the non-equipped aircraft that will be the limiting factor for traffic enhancement.
	40

	2.3.2.1.3
	ALPA
	Added to Issues List
	G
	Section 2.3.2.1.3 Parallel Departures Pg. 24.  Same problem as number 4 and 5. Should include reference to a total system using SVS in order to have capacity enhancement or a limited enhancement with a mixed system.
	41

	2.3.2.5
	ALPA
	Added to Issues List
	G
	Section 2.3.2.5 Departure Display Features. #5 Pg. 26.  A discussion on how NASA envisions data integrity will exist for terrain and obstacle changes, might improve pilot enthusiasm for the project.
	42

	2.3.4
	ALPA
	Incorporated
	G
	Section 2.3.4 Approach Arrival Operations Pg. 29.  An added benefit that is not mentioned might be the ability of SVS to substitute for certain landing criteria when certain components of the approach system are inoperative. An example might be approach lights that are inoperative, yet SVS equipped aircraft might have the ability to continue to lower minima. If runway edge lights are inoperative, restricting airfield use, SVS might not have the restriction, thus improving aircraft reliability and help SVS “buy its way onto the flight deck.”
	43

	2.3.4.2
	ALPA
	SOIA Not Addressed in this CONOPS
	G
	Section 2.3.4.2 Parallel Runway Approaches Pg. 31. (3rd paragraph).  Does this meet SOIA requirements for overshoot and account for non-SVS aircraft seeing the SVS equipped aircraft?
	44

	
	Personal JPL
	Done
	G
	The general suggestion is that you  include an “executive” summary in the front. This would be a 1-2 page  summary highlighting the facts you want the busy bureaucrat to take away.
	45

	
	Jeppesen
	NA
	G
	As background, I participated in the FAA sponsored SVS Technology Demonstration Program in 1990-1993 and am a believer in the technology.  I am, however, frustrated that we never seem to get out of the study phase.  Much of what is in the document is likely to have been already documented in previous studies. Hopefully, we can build on what we already know and concentrate on solving many technical and economic issues with the active participation of industry and FAA certification personnel.
	47

	
	Jeppesen
	Addressed in rewrite “Living Document”, but always open for another Proofread
	G
	The document is a good high level description of potential SVS applications in all phases of flight and ground operations.  However, the document is often redundant and that sometimes is distracting to the reader.
	48

	
	Jeppesen
	Incorpoerated Reference to LMI Report
	G
	Although one previous NASA study of expected SVS benefits is referenced, it might be helpful to include more detail.  Perhaps, summarizing the results of any earlier SVS cost benefit studies would be helpful.  Technology challenges notwithstanding, the decision to invest in SVS will be very much an economic one.  I believe, respected economic analyses are just as important as a series of successful technology demonstrations. We need sound technical and economic analyses to help make SVS a viable, safe and affordable alternative  for wide spread implementation in commercial and business jet cockpits.
	49

	2.1
	Jeppesen
	Corrected
	S
	1) The document does not describe the differences between and EVS and a SVS.  Although the operational functions and elements of a SVS is explained in Section 2.1 and 2.2, the term “synthetic/enhanced vision system” is used on page 34, section: 04 CRM HUD/HDD, line 1.  This could lead to reader confusion.  Perhaps  a simple definition of SVS and EVS should be included up-front in the Introduction.
	50

	Intro
	Jeppesen
	Incorporated
	S
	2) Page 2, line 23-24:  define the percent increase in the number of projected aviation incidents.
	51

	Intro
	Jeppesen
	Corrected
	S
	3) Page 3, line 2: change “aviation” to “aircraft and avionics”
	52

	Acros
	Jeppesen
	Corrected
	S
	4) Page 4, line 8: the correct acronym for ATA is Air Transport Association of America
	53

	Acros
	Jeppesen
	Corrected
	S
	5) Page 5, add acronyms USGS United States Geological Survey and ICAO International Civil Aviation Authority to the list
	54

	2.3.1.2
	Jeppesen
	Corrected
	S
	6) Page 18, line 31:  insert “ramp area or” following: “...gate and positions it on the”.
	55

	2.3.2.1.2
	Jeppesen
	Deleted
	S
	7) Page 24, line 16: “Within some accuracy limits” is vague, suggest specifics accuracy limits be stated.
	56

	2.3.2.1.7
	Jeppesen
	Corrected
	S
	8) Page 25, lines 16-18: this paragraph is confusing, suggest it be rewritten in a more clear and concise statement
	57

	Apndx A
	Jeppesen
	Inserted
	S
	9) Page 39, lines 19-21: this sentence is misleading and confusing, suggest the following replacement:  “Terrain, obstacle, and related flight information data is available from a variety of government and private sector sources, such as, NIMA, ICAO, FAA, USGS, NGS, Jeppesen Sanderson, and a variety of other companies in the commercial mapping, satellite and aerial survey industries.”
	58

	Apndx A
	Jeppesen
	Inserted
	S
	10) Page 40, lines 39-43: same as item 9) above
	59

	Apndx A
	Jeppesen
	Inserted
	S
	11) Page 54, lines 30-32: same as item 9 above
	60

	
	Cessna
	Incorporated
	G
	We believe the document should include standards for displays and colors so that all systems look virtually the same.
	122

	
	Flight Dynamics
	NA
	G
	1.   The point of view in the document appears focussed on what is “practical,” rather than encouraging creative thinking.  This is contrary to the idea that being open-minded is preferred when developing a new technology."
	123

	
	Flight Dynamics
	Incorporated
	G
	"2.   Speed guidance is needed for 4-D navigation, as well as for stabilized approaches.  However, these were not discussed in the document.
	124

	
	Flight Dynamics
	Incorporated
	G
	Thoughts on display format usage:  1) HDD’s should be used primarily for strategic displays that are exo-centric (as in a “God’s eye” view).  An exception would be “tunnel in the sky” symbology.  2) HUD’s should be used primarily for tactical displays that are egocentric (and include conformal symbology).  3) McCann, et. al. (from NASA Ames) showed that using both display formats together gave fewer (none) taxi blunders, and resulted in higher average taxi speeds than a display configuration with only a head-down electronic moving map (EMM) display.  A combination is very useful for flight operations as well.
	125

	
	Flight Dynamics
	Incorporated
	S
	In this document NASA does not acknowledge the extent of HUD capabilities for future use.  In particular, this document largely ignores NASA’s own recent (and ongoing) work on HUD displays for surface operations (at NASA Langley and at NASA Ames).  Along this line, the document’s plan to perform surface operations using only head-down displays [section 1.5] is a significant oversight of current HUD technology (and is not a good idea, operationally).
	126

	
	Flight Dynamics
	Incorporated
	S
	Regarding current HUD technology, NASA appears not to know how HUD’s are already being used in certified airline and corporate jet operations.  For example, takeoff in visibility down to 300 ft RVR is already operationally certified when using a HUD (without a synthetic vision system) [again see section 1.5 where it states that, “the SVS goal is to enable head-down operations with an RVR of 300 feet”].  For the record, there are already about 1000 HUD’s in worldwide airline and corporate jet operational service, and that number is currently increasing by about 300 per year.
	127

	
	Flight Dynamics
	Incorporated
	S
	NASA’s plan to provide a display that mimics VMC conditions [sections 1.4 and 2.3.4.1] is a goal in a lot of people’s minds.  It seems like a good idea.  However, such a display does not provide sufficient information for the required safety and repeatability during aircraft landings in the gust environment currently specified by the FAA for Category IIIa certification.  Command guidance is also needed.
	128

	
	Boeing
	NA
	G
	Well done and needed.  Provides a focus and sense of direction to Synthetic Vision  Programs.
	129

	
	Boeing
	NA
	G
	We have reviewed the synthetic vision paper and suggest that barring any technical limitation the addition of the SVS to the    -717 would add to the already certified cat IIIb and all other capabilities of the aircraft. As to out of production models the capabilities are great and should be considered for the glass cockpit models.  We would be happy to be a part of any evaluations. Also, we would like to be involved in studies that might impact LGB (Heritage McD) models.
	130

	
	Boeing
	NA
	G
	The general and specific objectives of the SVS project are in general accordance with a previous Boeing Enhanced Situation Awareness program (ESAS), and the System Requirements and Objectives document produced by that program.
	131

	1.2
	Boeing
	Incorporated
	S
	p. 7  Off the Shelf Graphics Chips, now becoming available, could be used to generate forward synthetic views.
	134

	1.2
	Boeing
	Incorporated
	S
	p. 7  Add solid state GPS/INS system development.
	135

	1.3
	Boeing
	Incorporated
	S
	p. 9  Section 1.3 CaB SVS Development Process.  -- Am a little unclear, from reading this section in the document, whether it is the intent of the present program to develop a system, or develop technology and an example flight tested prototypes that can then be used by Industry to develop a certifiable system.  My association with them indicates it is the latter, but this is not the flavor of this section.
	136

	1.4
	Boeing
	Incorporated
	S
	p. 10  Section 1.4  Figure 1.3:  (Possible use of HUDs) should read (Possible use of HUDs or stand-alone system).  The use of a HUD to display a view similar to that of Figure 1.1 is possible, but considered a long shot due to obscuration of the outside view and possible cognitive switching problems.  The advent of relatively inexpensive, solid state GPS/INS systems (M-MIGIT) combined with computing technology growth, memory storage and terrain database development will enable a completely aircraft independent carry on stand-alone system that will provide attitude, altitude, speed and synthetic terrain view - essentially a complete set of standby aircraft instrumentation independent of the aircraft.  It can be done now for under $50,000, and in five years may be possible even for GA aircraft.
	137

	1.4
	Boeing
	Added to issues
	S
	p. 10  Section 1.4   Another objective of the program should be to develop a structured logic for cockpit information placement requirements - - HDD, HUD or HMD by flight phase.  For example: cueing information up, situation awareness information down, or some other general rule.  It would be tragic if information required in the cockpit is placed in the wrong location and actually inhibits safety. [Re: Item 8 in 1.4] [What is the logic and requirements for information placement (HDD, HUD, HMD) by flight phase?  For example, cueing information up, situation awareness information down, or some other general rule.]
	138

	1.4
	Boeing
	Incorporated
	S
	p. 10  Section 1.4   The objective of the project is really to develop technology and candidate system components that have the potential for replicating the safety and operational benefits of flight operations in clear-day Visual Meteorological Conditions.
	139

	1.4
	Boeing
	Incorporated
	S
	p. 10  Section 1.4   Common SVS software would allow better display standardization.
	140

	1.4
	Boeing
	Incorporated
	S
	p. 10  Section 1.4   The development of TCAS included the development of standardized software, which could be used to display and separate air traffic.
	141

	1.4
	Boeing
	Incorporated
	S
	p. 10  Section 1.4   A similar effort with SVS to display terrain, traffic, runways, and other things of interest might make sense.
	142

	1.4
	Boeing
	Incorporated
	S
	p. 10  Section 1.4   When made available, this software would be automatically approved by the FAA for use in displaying standardized SVS databases in a forward perspective view.
	143

	1.4
	Boeing
	Incorporated
	S
	p. 10  Section 1.4   Use of this basic software would be aimed at satisfying the more basic essentials of a display.
	144

	1.4
	Boeing
	Incorporated
	S
	p. 10  Section 1.4   Additional future features of the SVS display should be provided for, but it would be a mistake to scatter the R & D effort to the extent that we are trying to do too much too soon.
	145

	1.4
	Boeing
	Incorporated
	S
	p. 10  Section 1.4   Allow for gradual expansion of the scope of the SVS display, as the future requires it.
	146

	1.4
	Boeing
	Incorporated
	S
	p. 10  Section 1.4   Standardization for Runway Incursion Alerts would seem needed.  This is similar to the need for standardized signs for runways and taxiways.
	147

	1.4
	Boeing
	Incorporated
	S
	p. 10  Section 1.4   The software for these displays should be farmed out to the organizations that are best able to generate it.
	148

	1.5
	Boeing
	Done
	S
	p. 12 Section 1.5  The visibility (i.e., locally on an airport) can drop quickly to zero even though the Runway RVR might be 300 to 600 feet.  It would therefore make sense to design the aircraft guidance system to be capable of Cat IIIc even though this may not be operationally realized in practice.
	149

	1.5
	Boeing
	Incorporated
	S
	p. 12 Section 1.5  The Industry certainly considers enhanced safety an attractive benefit of new technology.  Economic incentives for its customers, inherent in the technology, make incorporation of new technology that much easier.
	150

	1.5
	Boeing
	Incorporated
	S
	p. 12 Section 1.5  SVS goals should be stated in terms of the operational environment as well as performance metrics.  For example, the capability for Cat IIIb approaches at LAX is quite different than the same capability at EGW.
	151

	2.1
	Boeing
	Incorporated
	S
	p. 13, 14, & 15  Section 2.1&2.2  While avoiding designing the system, specific examples of what would be available in the cockpit should be provided in the functional description.  In addition, an evolutionary system should be described - it was in fact used in the benefits analysis.  The baseline synthetic vision system is presumed to be a synthetic vision display presented somewhere in the cockpit, perhaps with digitized ATC inputs, or software “hooks” for it.  HUD, enhanced vision sensor, and other possibly valuable improvements should be considered as add-ons, or different implementation or product improvement levels.  The fear is that if the whole “enchilada” is attempted at once, we will get nothing.
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	2.1
	Boeing
	Incorporated
	S
	p. 13, 14, & 15  Section 2.1&2.2  SVS might be useful at night, as well as during low visibility conditions.
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	2.1
	Boeing
	Incorporated
	S
	p. 13, 14, & 15  Section 2.1&2. There is some ambiguity in the term “low visibility conditions”.  It could technically mean only conditions when RVR or in-flight visibility gets below a certain level, and only include night-time when this low level is reached.  Night time does present specific visual acquisition problems for unlighted objects, and depth perception problems for lighted objects.  Most of the benefits of the SVS system will apply to night operations as well as the strictly interpreted “low visibility conditions”, and I believe the general intent of the SVS program is to include night operations in the term “low visibility operations”.  If this is indeed the intention, and I think it should be, then “low visibility conditions” should everywhere in the document be replaced with something like “limited or low visibility conditions due to night or weather”.
	154

	2.1
	Boeing
	Incorporated
	S
	p. 13, 14, & 15  Section 2.1&2.  Would add precision time gates in clearances to enhanced flight system capabilities.
	155

	2.1
	Boeing
	Added to Issues List
	S
	p. 13, 14, & 15  Section 2.1&2.  An additional spin-off for SVS would be better visuals for the traditional simulator.
	156

	2.1
	Boeing
	Incorporated
	S
	p. 13, 14, & 15  Section 2.1&2.  Declutter may be automated as well, i.e., since the display system knows what pixels are in the image portion of the scene, it could ensure that symbolic elements are not obscured, when appropriate.
	157

	2.1
	Boeing
	Incorporated
	S
	p. 13, 14, & 15  Section 2.1&2.  The visual environment should also include virtual scene elements to help with situation awareness, i.e., cleared pathways, informational signs, alerts, etc...
	158

	2.1
	Boeing
	Incorporated
	S
	p. 13, 14, & 15  Section 2.1&2.  Laptop computers could be used to conveniently give route familiarization to those pilots who have not had exposure to airports with special geographical hazards or flight procedures.
	159

	2.1
	Boeing
	Added to Issues List
	S
	p. 13, 14, & 15  Section 2.1&2.  Enhanced Flight Information – The frequent reference to “Tunnel in the Sky” tends to imply one solution to the display of the intended path.
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	2.1
	Boeing
	Added to Issues List
	S
	p. 13, 14, & 15  Section 2.1&2.  For most applications discrete “Waypoints in the Sky” would serve to accomplish the same thing, perhaps with less clutter.
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	2.1
	Boeing
	Added to Issues List
	S
	p. 13, 14, & 15  Section 2.1&2.  Making the SVS display compatible and consistent with our traditional FMC philosophy is important.
	162

	2.1
	Boeing
	Added to Issues List
	S
	p. 13, 14, & 15  Section 2.1&2.  Waypoints could be color coded as to Active, etc. for correlation with the Legs page of the FMC, VSAD, and the ND.
	163

	2.1
	Boeing
	NA
	S
	p. 13, 14, & 15  Section 2.1&2.  Other solutions yet to be discovered might exist.
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	2.1
	Boeing
	Added to Issues List
	S
	p. 13, 14, & 15  Section 2.1&2.  These tunnels might only be useful from the Initial or Final Approach Fix inbound, and then only if a significant turn is associated with the later stages of the approach.
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	2.1
	Boeing
	Added to Issues List
	S
	p. 13, 14, & 15  Section 2.1&2.  In today’s world of approaches, the need for a tunnel in the sky might be the exception rather than the rule.
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	2.3.1
	Boeing
	Incorporated
	S
	p. 16 Section 2.3.1  This section should discuss inputs from ATC, and when cockpit acknowledgment would be required.  Not from a specific implementation sense, but from a general functional requirement aspect.
	167

	2.3.1
	Boeing
	Incorporated
	S
	p. 16 Section 2.3.1  The SVS should include both elements intended to augment strategic crew functions, and tactical functions.  For example, the system should display the cleared path to the runway, as well as turn cues when intersections are approaching.
	168

	2.3.1.2
	Boeing
	NA
	S
	p. 20 Table 3.1  Good summary of visibility conditions!
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	2.3.2
	Boeing
	Added to Issues List
	S
	p. 22 Section 2.3.2  In order for the Runway Incursion Scenario to be effectively avoided,  it is important to provide pilots with thrust lever position information from airplanes in the traffic pattern and on the ground maneuvering.  This information cues pilots as to when an airplane is about to accelerate onto a runway, accelerate for takeoff, go around, perform an RTO, etc.  This kind of information is essential if it is expected that pilots are to close up spacing with airplanes ahead to a minimum.
	170

	2.3.2
	Boeing
	Added to Issues List
	S
	p. 22 Section 2.3.2  Serious consideration should be given to the exchange of airplane acceleration data as a means of preventing runway incursions.  If an airplane is going to inadvertently pull out onto the runway, creating a collision threat, it must first accelerate, if it has been holding short.
	171

	2.3.2
	Boeing
	Added to Issues List
	S
	p. 22 Section 2.3.2  SVS paired with ADS-B has great potential for allowing a runway incursion to be predicted.  An immediate EICAS warning could be issued to the crew.  This is possible since the FMC knows the runway intended to be used for takeoff.  The incursion boundary would be in the airport surface database.  It would know the positions other aircraft on the airport surface and their current speed/acceleration.  It could use algorithms to predict a runway incursion with some finite lead-time.
	172

	2.3.2
	Boeing
	Added to Issues List
	S
	p. 22 Section 2.3.2  The warning to the crew should have two components.  First the EICAS warning that an incursion is eminent, followed by an SVS depiction of an aircraft (e. g., highlighted for its attention getting value) moving onto the active runway.
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	2.3.2
	Boeing
	Added to Issues List
	S
	p. 22 Section 2.3.2  Data that would be of value in predicting runway incursions would be things that indicate expected movement (e. g., park brake on/off, thrust reversers open/closed, and intended runway exit to be used).
	174

	2.3.2
	Boeing
	Incorporated
	S
	p. 22 Section 2.3.2  Depiction of a tunnel or corridor has not been found to be useful (previous Boeing and NASA workshops and studies) on departure, when three dimensional geographic constraints do not exist, as is typical during constant airspeed, constant power setting climb.
	175

	2.3.2
	Boeing
	Incorporated
	S
	p. 22 Section 2.3.2  The requirement for conformality in an SVS display has not yet been demonstrated, and is a research issue.
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	2.3.2.1
	Boeing
	Incorporated
	S
	Section 2.3.2.1  Redundancy should be designed into an SVS, which is used to departure under very low visibility conditions.  Automatic default to a back-up system should occur if self-checks of accuracy indicate inadequate accuracy with a system.  Triple system redundancy would provide dispatch reliability and improved safety.
	177

	2.3.2.1
	Boeing
	Added to Issues List
	S
	Section 2.3.2.1  SVS, when paired with ADS-B, has the excellent potential of preventing a runway incursion accident, such as happened involving two Boeing 747 aircraft at Tenerife.  These types of accidents are actually becoming more likely as time goes by.  They, by definition involve more than one airplane, making them doubly tragic.
	178

	2.3.2.1
	Boeing
	Added to Issues List
	S
	Section 2.3.2.1  The transfer of responsibility of traffic separation from controller to the cockpit needs to be well thought out.  The pilot unions and ATC around the world need to be in the loop when working on these types of changes.  All parties need to be involved from the beginning.  Certainly the person with the best tools should be performing the task.  Time delay in relaying instructions becomes a real factor with closer spacing.  Combined pilot/controller simulations seem highly desirable.
	179

	2.3.2.1
	Boeing
	Incorporated
	S
	Section 2.3.2.1  ATC may need to know of the presence of SVS if takeoff minima are an issue, as well.
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	2.3.2.1
	Boeing
	Added to Issues List
	S
	Section 2.3.2.1  For parallel departures as well, depiction of a tunnel or corridor has not been found to be useful (previous Boeing and NASA workshops and studies) on departure, when three dimensional geographic constraints do not exist, as is typical during constant airspeed, constant power setting climb.
	181

	2.3.2.1.7
	Boeing
	Added to Issues List
	S
	p. 25  Section 2.3.2.1.7  The use of pathways in the sky for departure may not be practical.  ATC constraints and variations in the methods used for climb make it unlikely that a path would be followed, and during engine out operations, the path would have to change and would be a fall-out of holding the appropriate airspeed and setting the appropriate thrust.
	182

	2.3.2.1.7
	Boeing
	Added to Issues List
	S
	p. 25  Section 2.3.2.1.7  Required ground tracks and crossing restrictions on departure could perhaps be easier to follow with some added SVS visual aides, such as discrete waypoints in the sky.
	183

	2.3.2.1.7
	Boeing
	Incorporated
	S
	p. 25  Section 2.3.2.1.7  Part of the inherent potential of SVS is that of first doing background calculations for airspace incursion, while showing the potential incursion, then alerting the crew of an imminent incursion, giving a warning, and finally showing a clear picture of the incursion.  The timing aspect of this alerting and traffic picture availability, would seem to put the pilot in a good position to react in an effective way in the event of a lateral blunder ahead.
	184

	2.3.2.2
	Boeing
	Fixed
	S
	p. 26 Section 2.3.2.2  The ability to operate in any visibility is noted here.  It conflicts with other statements that only flight operations with at least 300 RVR would be initially targeted.
	185

	2.3.2.2
	Boeing
	Fixed
	S
	p. 26 Section 2.3.2.2  It is understood that the supporting infrastructure (e.g., fire trucks, ambulance, Ground Control Surveillance, etc.) may not be capable of operating during Cat IIIc.
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	2.3.2.2
	Boeing
	Fixed
	S
	p. 26 Section 2.3.2.2  The equipment on board the airplane should be capable of supporting Cat IIIc, even though many airport authorities will initially not permit these operations for various reasons.
	187

	2.3.2.2
	Boeing
	Fixed
	S
	p. 26 Section 2.3.2.2  It will, in the end, be up to the individual airline, ATC, and the airport authority to develop procedures for Cat IIIc operations.
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	2.3.2.2
	Boeing
	Done
	S
	p. 26 Section 2.3.2.2  A FAA Advisory Circular for Cat IIIc operations should be drafted when the first SVS configurations begin to be firmed up.
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	2.3.2.2
	Boeing
	Added to issues
	S
	p. 26 Section 2.3.2.2  Maintaining “visual contact (virtually)” (i. e., operating off parallel departure runways) could be a problem if the FOV is limited to that available from a PFD.  This needs to be assessed.   A Head Mounted Display (HMD) could solve this problem.  An HMD would easier to retrofit.  Research should include these devices, even though they now might appear to be a rather unconventional solution.
	190

	2.3.2.5
	Boeing
	Incorporated
	S
	Section 2.3.2.5  Certainly the features included in the displays, should be those that are required to perform the intended function, but these features fall into two basic categories.  First, those features that are essential for an initial SVS and second, those features that we now think may be determined to be practical and therefore incorporated at some future date.
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	2.3.2.5
	Boeing
	Incorporated
	S
	Section 2.3.2.5  An attempt to do too much initially could result in the abandonment of the entire SVS research initiative as being much too expensive and impractical.
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	2.3.2.5-00
	Boeing
	Added to issues.
	S
	Section 2.3.2.5  A few brief words on priorities for the features listed follow: [Introductory paragraph added]
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	2.3.2.5-01
	Boeing
	Added to issues.
	S
	Section 2.3.2.5.1  The runway edges and centerline should be a basic feature.  Consider adding distance remaining, especially highlighted for RTOs.
	194

	2.3.2.5-02
	Boeing
	Added to issues.
	S
	Section 2.3.2.5.2  Weather data is already depicted for the departure.  Its depiction might be enhanced through a perspective view, but this could be designated as a lesser priority.
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	2.3.2.5-02
	Boeing
	Added to issues.
	S
	Section 2.3.2.5.2  Recent historical lightning strike data is an available resource.  It could be used to improve the flight crew’s severe weather awareness when displayed in the cockpit.
	196

	2.3.2.5-02
	Boeing
	Added to issues.
	S
	Section 2.3.2.5.2  Our initial effort should be toward assuring future provisions for adding this type of information.
	197

	2.3.2.5-03
	Boeing
	Added to issues.
	S
	Section 2.3.2.5.3  Wake vortex displays could be added to SVS displays at some future date.
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	2.3.2.5-03
	Boeing
	Added to issues.
	S
	Section 2.3.2.5.3  They would likely be tied to any effort at shifting responsibility for separation to the cockpit.
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	2.3.2.5-03
	Boeing
	Added to issues.
	S
	Section 2.3.2.5.3  An SVS should be capable of adding wake vortex depiction, especially when other traffic is displayed through ADS-B.
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	2.3.2.5-03
	Boeing
	Added to issues.
	S
	Section 2.3.2.5.3  This research should proceed on a parallel path, but not be required in the initial version of SVS.
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	2.3.2.5-04
	Boeing
	Added to issues.
	S
	Section 2.3.2.5.4  SVS should be capable of including the items listed, but don’t tie the initial use to providing such displays.
	202

	2.3.2.5-04
	Boeing
	Added to issues.
	S
	Section 2.3.2.5.4  As a research goal, we should be aware of how this kind of information can be introduced into the SVS.
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	2.3.2.5-04
	Boeing
	Added to issues.
	S
	Section 2.3.2.5.4  Where possible, we should provide for future provisions of features, but some may later be determined to be impractical (e. g., bird detection).
	204

	2.3.2.5-05
	Boeing
	Added to issues.
	S
	Section 2.3.2.5.5  Terrain and Obstacles should be initially available features of an SVS.
	205

	2.3.2.5-06
	Boeing
	Added to issues.
	S
	p. 27  Section 2.3.2.5.6  The Flight Path predictor should be an initially available feature of an SVS.
	206

	2.3.2.5-07
	Boeing
	Added to issues.
	S
	Section  2.3.2.5.7  There may be times when a path is needed, but most likely only from the Final Approach Fix (FAF) inbound.
	207

	2.3.2.5-07
	Boeing
	Added to issues.
	S
	Section  2.3.2.5.7  A perspective path in the forward view is not practical for takeoff and departure.  This is what we have concluded in the design of our current FMCs.  An exact path in space is not predicted.
	208

	2.3.2.5-07
	Boeing
	Added to issues.
	S
	Section  2.3.2.5.7  One of the potential values of SVS is the ability to display your own prescribed final approach to the runway as well as those of other aircraft on approaches to parallel runways.  Background checks can be run to determine when others on the approach have strayed out of their prescribed approach airspace.  Such transgressions would be illustrated in the SVS display in a manner better than even an out the window view alone.
	209

	2.3.2.5-08
	Boeing
	Added to issues.
	S
	Section 2.3.2.5.8  I wouldn’t waste our time reinventing EGPWS.  It is available now and works well.  Use terrain and obstacle data to prevent an FMS generated path from resulting in unsafe clearances.  Incorporate an autopilot mode that would not permit the airplane to get dangerously close to off-airport terrain.  This type of mode supported by a display would add a needed layer of protection against CFIT.
	211

	2.3.2.5-09
	Boeing
	Added to issues.
	S
	Section 2.3.2.5.9  I agree with this statement, except that path guidance would be the exception rather than the rule.  Path guidance could be a pilot option, airline option, or used only when it adds some value.  We need to be careful to not add undue clutter to our displays.  The special case of a curved final approach, which is the rare exception, might justify a pathway in the sky.
	212

	2.3.2.5-10
	Boeing
	Added to issues.
	S
	Section 2.3.2.5.10  In an ideal world ADS-B would be implemented with SVS.  This is unlikely to happen.  The focus of SVS efforts initially should be on those things that can be accomplished autonomously within one airline.  Dependence on other airlines to make equipment installations, governments/airport authorities to install ground based aides, and ATC procedures to be changed should be minimized to improve the chances of implementation.  Often these required changes are late in coming or never happen (e. g., MLS).  Installation of DGPS for better navigational accuracy could be accomplished by an airline for a major hub without relying on governments/airports.  CDTI relies on a lot of aircraft being modified.  This could take 20 to 30 years, for example.  A single airline might only take 5 years.
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	2.3.2.5-11
	Boeing
	Added to issues.
	S
	Section 2.3.2.5.11  Sensors make the modification of in-service airplanes quite likely too expensive, especially MMWR.  The integration of sensors into SVS displays should be expected in the distant future, but we should not dilute research efforts excessively attempting to incorporate sensors.  Many sensors provide displays that are hard to interpret quickly during the limited time available in the approach phase of flight.  Some airlines might find FLIR helpful in preventing runway incursions during clear night operations at busy hubs.
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	2.3.2.5-12
	Boeing
	Added to issues.
	S
	Section 2.3.2.5.12  DGPS is a vital part of SVS in airport departures/approaches and ground taxi operations.
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	2.3.3.2
	Boeing
	Incorporated
	S
	Section 2.3.3.2  SVS presents the opportunity to create an environment where old thinking is replaced with entirely new concepts.  Traditional emphasis on last minute warnings requiring “Escape Maneuvers” should not be needed, any more than it would be if all flying was done in clear daylight without clouds or visibility restrictions.  It is only certain, however, that flight crews actions will sometimes be unpredictable, distracted, and irrational.  Last minute warnings, although less likely to occur, may still be required, in spite of better displays.
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	2.3.3.3
	Boeing
	Done
	S
	p. 28  Section 2.3.3.3  I think a tunnel in the sky for cruise is counter-productive, excessive clutter, and unnecessary.  Perhaps all we need displayed is the FMC’s Active Waypoint (or Top of Descent Point) represented as a Waypoint in the Sky.  I believe that when the time comes to standardize displays for SVS, airlines are not going to want a tunnel flashing by constantly in cruise for no good reason!  The question to be answered by research is – “When is a Tunnel in the Sky desirable in a SVS display?”  I think it will only be during the last 5 to 10 miles of the flight (e. g., especially when the approach involves a significant turn) as it is sequenced on final approach behind other traffic.
	217

	2.3.4.5
	Boeing
	Incorporated
	S
	p. 31  Section 2.3.4.5  Incorporation of SVS displays will provide an important and logical step in cockpit improvement.  It is logical because it provides important pictorial information as to where the airplane is going and what is ahead.  This information is much more quickly interpreted and obvious than the many numbers displayed around the cockpit which require the crew to form a mental picture in their mind.  The most logical solution to the problem of “Blind Flying” is to always provide the pilot with a clear picture of where the airplane is going.  This is basic stuff.  Even EGPWS does not yet do this.  Additional layers of protection from CFIT will have the effect of making these accidents even more improbable.  At this point in the evolution of the airline cockpit, it is the prudent thing to do.  There is the implication that the system must have a last minute warning feature for dangerous terrain and obstacle clearances.  EGPWS was developed, is accepted by industry, and need not be replaced.  Recommend not “reinventing the wheel” where EGPWS is concerned.  The primary attribute of a Synthetic Vision System is that it shows a picture to the flight crew of their approach.  This picture should basically look the same each time they turn final approach wherever they are landing.  This picture is a strong preventative measure against inappropriately assuming an early descent, placing their flight path vector symbol on the ground short of the runway touchdown zone.  SVS breaks the accident chain before the first major error occurs.  This is how SVS is different from other last minute warning systems that require urgent crew action.
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	2.3.4.6
	Boeing
	Done
	S
	p. 32  Section 2.3.4.6  Warning of Runway Incursion involving things other than airplanes should be clearly moved to a secondary priority.  Snowplows and other Airport Vehicles might be the next threats to be included after other airplanes.  Things like people and wildlife will be much more difficult to detect and of questionable return on investment.
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	2.3.5
	Boeing
	Done
	S
	Section 2.3.5  SVS is not going to add much to the enroute diversion scenario.  I don’t think this should be emphasized.
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	2.3.5
	Boeing
	Incorporated
	S
	Section 2.3.5  During loss of control and non-normal scenarios, where crew attention is diverted, they should be able to maintain improved awareness of their position relative to terrain and obstacles much more easily.  This should reduce the likelihood of mistakes with systems and/or navigation tasks due to time compression.
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	2.4
	Boeing
	Incorporated
	S
	Section 2.3.5  As we attempt to achieve Cat IIIc conditions provisions for emergency assistance should be part of the package.  One example of a consideration is that of locating a disabled airplane on or near the airport.  Somehow the airplanes “last known position” should be available to the tower and/or fire rescue equipment in a timely manner so that assistance is not delayed.  This might even be important during Cat IIIb conditions.  This feature could be a beneficial spin-off from our SVS research.
	222

	2.4
	Boeing
	Incorporated
	S
	Section 2.3.5  What if we pushed SVS for Emergency Vehicles with a high priority early on?  Is it possible that the absence of severe certification constraints might lead to more rapid innovation that could be later incorporated into SVS on airplanes also operating on the airport surface?  Would a parallel program be appropriate here?
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	2.6
	Boeing
	Added to issues
	S
	p. 33 Section 2.5 I would add information saturation, and display clutter to this list.  I'd also add cognitive switching as an issue - how do we prevent a pilot from getting distracted by or overly focused on symbolic information, at the expense of other scene elements, or the visual scene?

[Information Saturation – What are the effects of displaying an overabundance of information?

Display Clutter – How will it be controlled?

Fixation - How do we prevent a pilot from getting distracted by or overly focused on symbolic information, at the expense of other scene elements, or the visual scene?
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	2.6-1
	Boeing
	Incorporated
	S
	Section 2.5.1  Personally, I think we are working toward the PF on a HUD and the PNF being on the heads down SVS for low visibility operations.
	225

	2.6-2
	Boeing
	Done
	S
	Section 2.5.2  Boeing Flight Deck Engineers can figure this out.
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	2.6-3
	Boeing
	Done
	S
	Section 2.5.3  Yes!  Remember Tenerife, on Sunday, March 27, 1977?  It could happen again.
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	2.6-4
	Boeing
	Done
	S
	Section 2.5.4  ADS-B could be used in concert with allotted approach tubes to highlight excursions of other aircraft from their assigned airspace in a timely and effective manner.
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	2.6-5
	Boeing
	Done
	S
	Section 2.5.5  These procedures should be amenable to solution using simulators equipped with the proposed SVS.
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	2.6-6
	Boeing
	Done
	S
	Section 2.5.6  Let’s not reinvent TCAS.  In today’s world, TCAS protects from blunders.
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	2.6
	Boeing
	Incorporated
	S
	Section 2.6  The terrain and obstacle database of concern is primarily associated with the runway threshold and touchdown/roll-out zones, as approaches above this are flown with conventional criteria (i. e., path through the sky is likely to be the same with the same limits on deviation).  SVS is likely to required airports to provide detailed information on layouts and obstacles.  The SVS system architecture will fall out from the intended use and a failure analysis.  There is a lot of guidance material available from the FAA on this subject already.  Aircraft manufacturers are generally quite familiar with this information.
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	3
	Boeing
	Done
	S
	p. 34 Section 3. Benefits.  This is a profound step in the correct direction, an initial attempt to justify adding equipment on the aircraft based on expected return.  But there are many more possible benefits than those listed in this section.  Aircraft accidents and incidents imply significant costs to the airlines involved, and a reduced accident rate with an Operations Analysis type of evaluation can be shown as a benefit in terms of costs forgone.  I think all reasonable possible benefits should be listed, and associated with the specific level of synthetic vision implementation, and then the actually evaluated expected return benefits demonstrated in simulation specified.  Incorporate Gobel's Comments (separate sheet).
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	3
	Boeing
	Done
	S
	Possible Added Safety Benefits:

Expect Overall accident/incident/loss rate to be similar to Day, VMC Only loss rate - The SVS system is expected to emulate day VMC under limited visibility conditions.  The closer this emulation is to actual day VMC conditions, the more like the day VMC loss rate the overall loss rate will be.  The potential for improvement is very large, as much as a 400% loss rate reduction.

1.
Expect unusual attitude/upset recovery improvement - particularly from medium to low altitude.  (Terrain can be seen and avoided during nose low recoveries)  The synthetic 3D view will probably have to be adjusted to maintain some sky/ground contrast within the view, possibly by modifying the synthetic FOV based on pitch.

2.
Expect further CFIT reduction

3.
Runway incursion(RI) reductions, both aircraft and vehicular

4.
Better Overall “Situational Awareness”  - terrain, position, altitude and attitude
5.
Expect better emergency situation response:

· improved rejected takeoffs with runway remaining presentation

· improved uncontrolled field diverts in emergencies(pathways, rehearsal)

· better understanding of terrain in engine out drift down situations

· better hazard avoidance (synthetic presentation of wx, wake turbulence, birds)
6.
Expect better communication with ATC:  with digitized information from ATC, and a pathway in the sky presentation, fewer mistakes and altitude busts are expected, and less language barrier problems.
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	3
	Boeing
	Done
	S
	Possible Added Costs and Operational Benefits:

Traffic Flow Benefits - The SVS system has been shown in simulation to provide large economic benefits.

1.
Independent operations on closely spaced, parallel runways.  Simulation modeling shows significant benefits , particularly at DTW, MSP & SEA.

2.
Reduce inter-arrival separation.  Simulation modeling shows benefits at all airports, with particularly large benefits at ATL & LAX.
3.
Converging and Circling approaches.  Simulation modeling shows large benefits at ORD and EWR, and significant benefits at MSP & DFW.
4.
Reduced Arrival Weather Minimums.   Modeling shows little impact in this area. 

5.
Reduced Departure Minimums.  Some benefit shown, in the ranges $3 million/year at Minneapolis, $51 million/year at Seattle.

6.
Reduced Runway Occupancy Time.  20% reduction in low visibility conditions.

Reduced Training requirements.  The synthetic air-ground picture will be the same airborne as in simulation and training.  Ease of use, familiarity with the synthetic picture and similarity to day VMC should lead to reduced training requirements.

Future Potential for reduced Minima (0/0) approaches.
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	3
	Boeing
	Done
	S
	Possible Increased General Benefits:

Noise Abatement Improvements - Synthetic Depiction of Turkey farms and other sensitive areas.

Reduced ATC Workload.

Pathway in the Sky - shown in modeling and simulation to provide greater ease of flying and greater accuracies, particularly in challenging terrain.

Runway Remaining information

Ground and Gate Operations improvements

No Outside-In or Inside-Out misinterpretation - Pilots using Current PFR’s occasionally have this reversal problem, particularly foreign pilots.

No “interpretation” necessary - Cues, SA, and aircraft guidance information are the same, day night or IMC.  Cognitive analysis suggests that a pilot uses his knowledge and training while instrument flying to interpret presented data, and to translate that data to situation awareness and aircraft control information - errors occur in the interpretation and translation of the data into information.  A natural display which incorporates the least interpretation and translation requirement should have the least chance of error.
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	Abstract
	Avionicon
	Fixed
	S
	In “The goal for designing an SVS…”, it is more than “design”; flight demo, etc. [Changed ‘designing’ to ‘developing’]
	237

	2.2
	Avionicon
	Done
	S
	Sensor Displays: Change “…cost-benefit analysis can be performed…” to “…cost-benefit analysis must be performed…”
	239

	2.3.2.1
	Avionicon
	Done
	S
	Add to last sentence before 2.3.2.2: ??
	240

	1.5
	Crew Systems
	Done
	S
	CaB SVS Mission:  “... and arrive in Category IIIb while using Category Type I equipped airports and runways.”  FAA operations have strong opinions about using Category I, II, and III to apply only to the approval to fly to certain minimums.  ILS facilities should be described as Type I, II, and III.
	242

	2.2
	Crew Systems
	Done
	S
	SVS Elements:  On page 15, under primary flight information or enhanced flight information, we should include vector flight information, such as flight path marker or velocity vector displays.  I don’t know whether to include such information under primary flight information or enhanced flight information.  Most HUDs and many HDD show vector information.  It probably should be mentioned in primary flight information.
	243

	2.3.1.1
	Crew Systems
	Fixed
	S
	Relevant Technologies and Research:  Strictly speaking SMGCS is recommended, not required.
	244

	2.3.1.2
	Crew Systems
	Incorporated
	S
	Airport Ground Operations in Reduced Visibilities:  This material should be amplified.  Present day aircraft have the capability to takeoff and land with no visibility.  What is needed is system performance standards and mitigating methodologies for plausible system failures (loss of guidance signals, on-board equipment failures, etc.)
	245

	2.3.1.2
	Crew Systems
	Incorporated
	S
	On page 18, under Aircraft Servicing, the discussion seems to center around hub airports.  We need to consider outlying airports, such as Newport News.  In addition, corporate aircraft often avoid hub airports.
	246

	2.3.1.2
	Crew Systems
	Incorporated
	S
	Also on page 18, the surface equipment needs could be amplified.  The crash, fire, rescue (CFR) equipment and servicing vehicles need to operate safely and efficiently.  The FAA recommended EV-type of equipment for such ground equipment in an advisory circular.(Driver’s Enhanced Vision System (DEVS), FAA AC-150/5210-19, December 1996)
	247

	2.3.1.2
	Crew Systems
	Incorporated
	S
	On page 19, first paragraph; some airplanes start engines prior to pushback if they have no APU or it is inoperative.
	248

	2.3.1.2
	Crew Systems
	Incorporated
	S
	On page 20, there should be mention of avoiding runway incursions.
	249

	2.3.2
	Crew Systems
	Done
	S
	Departure:  Are we proposing to use SV for traffic separation?
	250

	2.3.2.1
	Crew Systems
	Fixed
	S
	Departure Procedures:  ATC may not know a particular aircraft’s weather minimums (and usually doesn’t know).
	251

	2.3.2.1
	Crew Systems
	Fixed
	S
	“The following are VMC restrictions and procedures in a single departure environment.”  Not sure what this means.  The following sections are quite disjointed and read poorly.  It seems that we’re describing typical operations.
	252

	2.3.2.1
	Crew Systems
	Incorporated
	S
	Subparagraph 1:  “There are standard departure takeoff minimums applicable ...”  Also, takeoff minimums do not apply to corporate aircraft; only apply to air carrier or air taxi operators.
	253

	2.3.2.1
	Crew Systems
	Incorporated
	S
	Subparagraph 2:  A takeoff clearance does not guarantee there is no other traffic, only that there is no other traffic cleared to that runway or no other instrument traffic cleared to the same airspace.
	254

	2.3.2.1
	Crew Systems
	Fixed
	S
	Page 24, subparagraph 5.  I don’t like the phrasing.  ATC only ensures that traffic under IMC does not have a clearance to the same airspace. [See #56]
	255

	2.3.2.1
	Crew Systems
	Incorporated
	S
	On page 25, describes the use of SV during departures.  I think we’re getting too specific.  We also need to distinguish between the basic requirements and SV enhancements. [Reorganize 2.3.2.1]
	256

	2.3.4
	Crew Systems
	Done
	S
	Approach (Arrival) Procedures On page 30, clearance for a visual approach, by itself, does not place any traffic separation requirements on a pilot.  Visual traffic separation requires that visual contact with the other aircraft be established and that the pilot accepts the responsibility for separation.  A visual approach (or a contact approach) is an approach conducted by reference to ground features.  The difference between the two is that ATC can initiate a visual approach.  A contact approach may be initiated by the pilot. [Earlier mods]
	257

	2
	Crew Systems
	Rewritten
	G
	I found it difficult to determine what the operational concept is.  I think I know what the concept is, but it needs to be clearly stated.
	258

	2.1
	Crew Systems
	Done 
	G
	Hazard Display:  The SVS would serve to display terrain/obstacle that presents hazards to the aircraft.  This would be similar in intent to EGPWS.  It would also show aircraft hazards (runway vehicles/aircraft, airborne traffic, or weather).

Hazard display probably requires the lowest level  of system integrity. [Inserted in 2.1]
	259

	
	Crew Systems
	Done
	G
	Additional Redundancy:  The SVS would provide an additional integrity thread for on-board navigation.  This would use the image as an additional link to verify runway alignment, for example.  This would allow reduced visibility or DH minimums on ILS systems that meet accuracy requirements for, say Cat III minimums, but do not have either the integrity checks or monitoring required for Type III installations.  The SVS could provide this integrity check and allow lower minimums on such ILS systems.
	260

	
	Crew Systems
	Done -- 

Goes with #260.
	G
	Alternate Means of Navigation:  The SVS would provide a means for controlling the aircraft using the image (alone or with embedded symbology).  In this case, using the example in the previous paragraph, once the image showed the runway, the pilot could continue to lower minimums using the image in place of the ILS guidance.

Use of the SVS in this fashion could be limited to specific phases of flight (such as surface operations) or in the event of failures of certain components.

As Mike Norman pointed out, use of an image for lowering landing minimums lead to different operational procedures depending on whether paragraph 2 or 3 is used.  Below normal, non-SVS minimums, a discrepancy between the ILS and the image would trigger a missed approach under paragraph 2, but a continued landing using the image alone under paragraph 3.
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	Crew Systems
	Done
	G
	The certification requirements will certainly vary for each type of use.  For example using SV to provide traffic separation will require a much higher degree of assurance than using it to detect hazardous traffic. [Insert in 1st P of Intro]
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	LaRC
	NA
	G
	Great job.
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	LaRC
	Incorporated as new section: 1.3
	G
	You probably need to consider a section on the vision of what an SVS is from the NASA perspective. Suggest consideration of:
The NASA Aviation Safety Program includes a five-year, $100 M Synthetic Vision …

… operations during low visibility conditions will be explored, in both head-down and head-up applications. 
	264

	2.2
	LaRC
	Done
	S
	page 14: the title 'Sensor Displays' is confusing; see comment for page 15 below.
	269

	2.2
	LaRC
	Incorporated
	S
	page 15: the title 'Sensor Displays' is confusing; the issue of the use of sensor imagery directly presented to the pilot versus information extracted from sensor data and presented iconically to the pilot is still a wide open research issue. Suggest we say that here and change title to 'Weather-penetrating Sensor Information".
	270

	2.2
	LaRC
	Incorporated
	S
	page 15: consider splitting 'Primary Flight Information' into tactical (PFD, HUD) and strategic flight information (ND).
	271

	2.3.2.1.7
	LaRC
	Fixed
	S
	page 25: last paragraph on pathway-in-the-sky for departure path is inappropriate, as there are no vertical (altitude) constraints (top or bottom) for a pathway during departure. We don't know how to represent or draw such a pathway.
	276

	2.3.2.3
	LaRC
	Fixed
	S
	page 26: Section 2.3.2.3 on departure path is inappropriate, as there are no vertical (altitude) constraints (top or bottom) for a tunnel or pathway during departure. We don't know how to represent or draw such a pathway.
	278

	2.3.3.3
	LaRC
	Done
	S
	page 28: Section 2.3.3.3, Number 1. 'Tunnel or pathway-in-the-sky' needs hyphens to be consistent with other usages; should note that the effectiveness of pathways for cruise (straight and level flying for long periods) is questionable.
	281

	2.6
	LaRC
	Done
	S
	page 33: Section 2.6 should discuss reversionary modes, but last half of the paragraph instead discusses integrity monitoring, which is always active; suggest consideration of separate section for this subject. [Renamed section]
	285

	2.2
	BAE SYSTEMS Canada
	Add to References
	S
	Section 2.2 (Primary Flight Information / Enhanced Flight Information): We suggest some reference to SAE ARP 4102-7 and its appendices to clarify the terms. [Add to References]
	287

	2.3.2.1.7, et al.
	BAE SYSTEMS Canada
	Added to issues.
	S
	Section 2.3.2.17 / 2.3.3.3 / 2.3.4.1 et al. (Pathway-in-the-Sky): The presentation of a "pathway-in-the-sky" requires some method forthe generation of the relevant data. Basically, there are two approaches:

A.
Generate all possible paths off-line and upload them like any other navigation database;

This approach leads to less problems in the certification process but limits the crew's free-flight navigation capabilities to pre-determined flight path solutions, i.e. it can't take into account dynamic changes required by ATC/weather, etc. 

B.
Implement an on-line component that facilitates the real-time generation of paths during flight ("On-board planning/re-planning");

This approach provides the crew with a very sophisticated way of replanning flights onboard taking into account actual changes in the flight planned profile.  However, the certification aspects of such a component will be very difficult, since its functionality contributes to the derivation of primary flight guidance information. 

It is not clear from the document which approach is envisioned for the CaB SVS.  It would help in the clarification of the CaB SVS concept if some statement could be made as to what extent an on-board re-planning capability is part of the envisioned operational concept.

[How will pathway-in-the-sky routes (data) be generated and interfaced or communicated to SVS?]
	288

	2.3.2.5
	BAE SYSTEMS Canada
	Incorporated
	S
	Section 2.3.2.5 (Forward Looking Sensors): The utilization of image data from Forward Looking Sensors would not only provide benefits during departures but also during approaches (which is not mentioned in Section 2.3.4).  It is therefore not clear whether the SVS concept is restricted to synthetic vision based on a terrain database or whether an "enhanced vision" component is part of the overall system concept. [Sentence added at end of 2.3.4]
	289

	1.2
	FAA-AVR/TAD
	Done
	S
	Section 1.2 – The U.S. Air Force has had a key role in millimeter wave radar and FLIR system development and documented demonstrations.  The SVS program led by the FAA from 1989 to 1992 was a joint FAA/USAF/ Industry technology demonstration effort.  The Avionics Laboratory facilities were the site for significant sensor performance data collection efforts.
	290

	1.4
	FAA-AVR/TAD
	Added to issues
	S
	Section 1.4 – The general objective of replicating VMC safety and operational benefits in IMC is an important theme throughout this document.  Yet the system concepts described in the document are largely aimed at the forward field of view.  A key capability of a system that meets the stated objective is that it provides equivalency to the pilot compartment view required by the Federal Aviation Regulations (FAR).

[What pilot compartment field-of-view requirements must be satisfied by SVS?]
	291

	1.5
	FAA-AVR/TAD
	Incorporated
	S
	Section 1.5 – Agree with the convergence on 300RVR as the ultimate operational goal.  However, it is important to keep in mind that today such operations, (i.e. Category IIIb), must be supported by Fail Operational automatic control  systems.  Further, these operations are conducted only at Type III runways.  To conduct Category IIIb operations at runways with less than Type III characteristics is a significant challenge.  It will mean that the system must have performance, reliability and integrity that exceed today’s Cat IIIb systems.  Further, it appears that the intended objective is conduct these operations at a VMC tempo.  All of these factors significantly add to the risk that must be mitigated.
	292

	2.2
	FAA-AVR/TAD
	Added to issues & Incorporated
	S
	Section 2.2 – While it is premature for me to comment specifically on system characteristics, I will point out the degree of flexibility the pilot will have to control display formats, layouts, clutter (or information content), adds to the requirements to demonstrate that each selectable combination be demonstrated and evaluated for certification.  The more deterministic the choices are, the less burden there will be on the certification applicant.  As the cockpit technologists know, unlimited variations can have unforeseen effects on pilot scanning and awareness, particularly of anomalous conditions. [What are the effects on pilot scanning and awareness of flexibility for the pilot to control display formats, layouts, clutter (or information content)?]
	293

	2.2
	FAA-AVR/TAD
	Fixed
	S
	Section 2.2 – Item 7 of the Virtual Visual Environment.  Question: Is the notion to show wake vortices in the SVS perspective display?  Seems a bit like science fiction. [Moved Item 7 to Enhanced Flight Information.]
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	2.2
	FAA-AVR/TAD
	Done
	S
	Section 2.2 – Enhanced Flight Information.  The last sentence seems to contain a wide open wish list of capabilities.
	295

	2.3.1
	FAA-AVR/TAD
	Done
	S
	Section 2.3.1 – What level of hazard detection performance has so far been demonstrated by the candidate SVS components?  To project that the SVS will have such capabilities, it seems that we should have some substantiation.
	296

	2.3.1.2
	FAA-AVR/TAD
	Fixed
	S
	Section 2.3.1.2 – The statement that it is a relatively small step in technology to enable takeoffs and landings in zero visibility conditions is interesting.  If you said it is a relatively small step to prove that such technology can safely perform these operations in civil service, I would say you have a lot to prove.  Fail Operational capability is the starting point for today’s Category 3b systems, but they are not approved for zero visibility operations, and are not likely to be.
	297

	2.3.1.2
	FAA-AVR/TAD
	Done
	S
	Section 2.3.1.2 – 3rd paragraph.  Achieving the goal of providing “VMC-levels of safety and efficiency” in low visibility conditions, even if not zero-visibility, means not only providing the base capabilities, but the dependability, integrity, availability and redundancy (multiple, overlapping, independent means) to do so.  The basic capability of any airplane to takeoff, fly to another airport and land safely, according to mere visual flight rules is actually a remarkable demonstration of autonomy.  Even though most commercial operators do not fly this way, the underlying autonomous capability of the airplane to do so is a major safety factor. [Integrity, etc. addressed elsewhere]
	298

	2.3.1.2
	FAA-AVR/TAD
	Added to issues
	S
	Section 2.3.1.2 – last paragraph.  Wholly agree with the statement that substantial differences in visibility can exist, simultaneously, at the airport.  Not only is visibility spatially non-homogenous, it is also variant over short time intervals.  By the way, for imaging sensors that work outside the visual spectrum, there is currently no means to equate visibility to sensor performance.  This places a burden on the use of such SVS equipment and a further opportunity for the program to foster the development of such capabilities. [How will sensor performance be compared to VMC viewing?]
	299

	2.3.1.2
	FAA-AVR/TAD
	Issue
	S
	Table 3.1 –  It might be useful to mention the concept of the “visual floor” in this table.  The FAA has used this term, at least informally, to describe a minimum visibility level for the reliance on external visual references.  I am not an expert in all the ways the FAA has used this concept, but I am familiar with the following applications:  Normal landing on the runway without the aid of guidance requires RVR 1200.  Normal landing rollout to a safe taxi speed, without Fail Passive rollout guidance, requires at least RVR 600 (used to be 700).  Recommend clarifying the accurate details of this concept with FAA Flight Standards (AFS400).
	300

	2.3.2
	FAA-AVR/TAD
	Added to issues.
	S
	Section 2.3.2 – Certainly the field of view parameter is key in the SVS program.  It is not clear, however, what SVS fields of view are presumed for such operations as parallel departures and landings, circling approaches, and so forth.  It seems that these require a peripheral (lateral) field of view, but the emphasis on intuitive or “virtual vision” is in the forward field of view.  To provide VMC levels of safety and efficiency, the standards of pilot-compartment view must be met, particularly as they would contribute to VMC operations.
	301

	2.3.2.1.3
	FAA-AVR/TAD
	Done
	S
	Section 2.3.2.1.3 – Today, even when separation is the primary responsibility of ATC, the flightcrew remains responsible for vigilance.
	302

	2.3.2.1.6
	FAA-AVR/TAD
	Fixed
	S
	Section 2.3.2.1.6 – Not clear how this is distinguished from “closely-spaced parallel IMC operations”. [See #256]
	303

	2.3.2.1.7
	FAA-AVR/TAD
	Fixed
	S
	Section 2.3.2.1.7 – An important element of the obstacle detection and warning capability is sensor performance and range.  FLIR is mentioned as a potential component, but what significant capability does an infrared-based sensor have in low visibility conditions? [Changes in wording]
	304

	2.3.2.1.7
	FAA-AVR/TAD
	Added to issues.
	S
	Section 2.3.2.1.7 – For a pathway in the sky depiction, what is the path when a radar vector or heading clearance is given?  When the airplane is not facing the path, the path is not visible in the display, what will be provided to guide the pilot?  What about the vertical axis, when there is not really a discrete vertical path, just a climb according to an airspeed schedule?
	305

	2.3.2.1.7
	FAA-AVR/TAD
	Added to issues.
	S
	Section 2.3.2.1.7 – While it is assumed that TCAS, perhaps even other cooperative means, is operative, what about detecting the non-cooperative traffic – like traffic without an operable transponder.  Even an assumption that every aircraft must be equipped with an operative transponder – equipment failures occur, pilots sometimes fail to turn them on, and so forth.
	306

	2.3.2.1.7
	FAA-AVR/TAD
	Fixed
	S
	Section 2.3.2.1.7 – last line of the last paragraph states “It is assumed that TCAS will be functional during departure operations”.  It should be noted here that the TCAS aural alerts are inhibited below 1100 feet AGL (above ground level) when using version 6.04 and 600 feet AGL when using version 7.0. (Comment from George Kaseote, FAA Test Pilot, [Fixed by earlier change]
	307

	2.3.2.2
	FAA-AVR/TAD
	Done
	S
	Section 2.3.2.2 – The notion that SVS could achieve reduced minima at relatively ill-equipped runways has possibilities.  But it places a burden of independent supporting means, that the ground facility otherwise provided.  The ground station requirements for Category 3 operations are not insignificant.  It is not just the visual references they provide, but also the redundancy and independence from common cause failures.  Consider the potentially heavy reliance on precision navigation to support not only aircraft positioning, but provision of the virtual view.  In the real world, the navigation and visual sources are independent and can serve to confirm each other.  In the SVS world, the GPS position and database bear almost all of the burden.
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	2.3.2.2 to 2.3.2.5
	FAA-AVR/TAD
	Added to issues
	S
	Sections 2.3.2.2 to 2.3.2.5 – It will be important to establish, objectively, the real performance of sensors that would be used for hazard detection.  Please do not stop at investigation system capabilities on a presumption that sensors would perform adequately.  In fact, one of the most lasting legacies of this project could be the collection, analysis and modeling of sensor performance in the expected environmental conditions (atmosphere, scene, targets, airplane). [Goes with #23]
	309

	2.3.3.1
	FAA-AVR/TAD
	Fixed
	S
	Sections 2.3.3.1 – The capability to detect the conditions for the proposed warnings is important.  However, the term warning has specific meaning for FAA approval of procedures and design of annunciation systems.  There are certain conditions for the use of warning and certain times when they should not be used.  Warnings are used when immediate flight crew awareness and intervention are required (usually accompanied by certain mandatory pilot response).  Cautions are used when immediate flight awareness is required and timely intervention may be required. [2.3.3.1 Changed ‘warnings’ to ‘alerts]
	310

	2.3.4
	FAA-AVR/TAD
	Added to issues 
	S
	Section 2.3.4 – The use of a ‘virtual-visual” display for traffic separation sounds easier than it probably is.  Unlike the design of the eXternal Vision system (XVS) conceived for the High Speed Research program, which was conformal in scale and orientation, the SVS displays are located on the instrument panel and are not sized for conformal presentations.  Will the flight crew be able to judge traffic separation on a “minified” (opposite of magnified) display?
	311

	2.3.4
	FAA-AVR/TAD
	Done
	S
	Section 2.3.4 – The concept for visual contact with runway environment references is not clear.  Are these references proposed to be visible in the display and out the window, or just in the display? [Earlier mods]
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	2.3.4
	FAA-AVR/TAD
	Incorporated
	S
	Section 2.3.4  – Approach (Arrival) Operations implies that the pilots will be responsible for aircraft separation.  I think that is an unreasonable expectation.  As a pilot familiar with TCAS operation, when in an area with multiple targets on the PFD, I would not be comfortable with providing my own separation.  The workload would be far greater than I could handle. (Comments from George Kaseote, FAA Test Pilot, AIR-130.) [Reword two places]
	313

	2.3.4.1
	FAA-AVR/TAD
	Fixed
	S
	Section 2.3.4.1 – Note that Category IIIb operations require a Fail Operational guidance system.  The basic concept is that failures would not require flight crew intervention to safely complete the operation.  This presents a challenge to any guidance system design, but particularly to those which are predicated on sensors and displays. [Changed ‘Category IIIb’ to ‘low-visibility’]
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	3
	FAA-AVR/TAD
	Done
	S
	Section 3 – It is noted that a cost-benefits study was completed, but only the potential benefits, assuming system performance, have been presented.

The capability to support “circling” approaches is considered a valuable benefit, yet the operational concept does not seem to support that capability.  How would SVS support circling approaches? [Added 2.3.4.2 Circling Approaches]
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	1.2 - footnote
	FAA - AVR/SAD
	Fixed
	S
	Page 7,  If several terrain displays are available, why only list Sierra? Is ACI another? [Footnote was deleted]
	316

	1.2
	FAA - AVR/SAD
	Fixed
	S
	Page 8,  What is “4D?” [Deleted “4D”]
	317

	2.2
	FAA - AVR/SAD
	Done
	S
	Page 14,  There is a reference to “head-up” display systems. Is this referring to helmet mounted systems.
	318

	2.2
	FAA - AVR/SAD
	Add to Req; Incorporated
	S
	Page 14,  The pilot should have the capability to select various formats for displaying SVS functions for the phases of flight and desired operation, but there should be a direct standard display format available that the pilot can select.  Direct switch activation should be available without going through a series of menus in case the pilot is confused or the pilot desires rapid access in case of an emergency. [Goes w/ 293]
	319

	2.2
	FAA - AVR/SAD
	Incorporated
	S
	Page 15,  For SVS to be useable to display surface vehicles for ground operations, surface vehicles will need a certified GPS with ADS-B as a backup in case the SVS radar should fail or malfunction in nearly zero visibility conditions.  If there were no backup systems or procedures, the SVS would need an extremely high reliability requirement, which would make it extremely expensive.  A backup system or procedures for all phases of flight with the SVS operational should be implemented to reduce the criticality of the SVS; consequently, certification cost and increase implementation of the SVS.
	320

	2.3.2.5
	FAA - AVR/SAD
	Done
	S
	Page 27,  During ground operations, radiation hazards to ground personnel or personnel in nearby aircrafts & vehicles need to be consider from the SVS radar. [Implementation safety issue]
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	2.3.4.1
	FAA - AVR/SAD
	Added to issues
	S
	Page 30,  Overlaid of TAWS or EGPWS information with the SVS radar data on the terrain display of terrain imagery will need special design features since the TAWS and GPS terrain data may not be as accurate as the SVS radar data; therefore, the images will not coincide on the display.
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	2.6
	FAA - AVR/SAD
	Incorporated
	S
	Page 33, In addition to no single failure to cause a safety hazard, the SVS will need minimum reliability requirements to eliminate nuisance alerts, data, etc. to the pilot.  If there are numerous nuisances, the pilot will lose confidence in the system and will not use it.  TAWS and HUD system have minimum reliability requirements based on the criticality of the operations being performed.
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	3
	FAA - AVR/SAD
	Added to issues
	S
	Page 34.  If the airplane is equipped and approved with various systems for example if the airplane is approved for CAT III approaches, the addition of SVS will be much less costly that an airplanes only approved for CAT I approaches.  An airplane only approved for CAT I approach will need additional power sources, associated equipment, more reliability fight controls, etc. [What are the cost implications for SVS implementations in existing equipment (e.g., Cat I vs. Cat III equipment)?]
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	Refs
	FAA - AVR/SAD
	Incorporated
	S
	Page 35, Part 25 FARs for airworthiness requirements for transport airplanes should be added.
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	Apndx A - Approach Apps
	FAA - AVR/SAD
	Fixed
	S
	Page 41, the reduced minimums for SVS approaches should not have one level of approval.  The SVS should have several operational capabilities including minimums, that is, several classes of approvals as previously suggested should be implemented.
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	1.2
	FAA - Flight Standards
	Incorporated
	S
	Paragraph 1.2, Page 7.  This section omitted any discussion of the recent availability of high-resolution civilian GIS satellite capability.  Also, this section omitted any reference to the recently published standards for an avionics computing resource.  (See RTCA DO-255, dated July 2000) [Ignore GIS; add DO-255 to list]
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	1.3
	FAA - Flight Standards
	Incorporated
	S
	Paragraph 1.3, Page 9.  Suggest integrate the NASA draft ConOps with RTCA’s DO-249 process, as refined by FAA’s Safe Flight 21 Master Plan.  (See general comments, above).  Specifically address the needed standards work, as well as recently completed standards that may be helpful to certify and gain operational approval of specific implementations.
	328

	1.4
	FAA - Flight Standards
	Incorporated
	S
	Page 10.  The project objectives on Page 10 and the operational functions in Figure 3-1 do not identify an airborne traffic information function or an aircraft self-separation objective, or a hazardous weather information capability.  However, such capabilities are well described in the appendices (e.g., the Workshop results and the cost / benefits analysis).  Consideration should be given as to whether traffic information services and flight information services overlays should be depicted on the SVS display.  Benefits might be accrued from having this information presented on an integrated multifunction two- and / or three-dimensional display, or both.  Decision-logic based on this collective information could also aid the pilot in decision making.
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	2
	FAA - Flight Standards
	Incorporated
	S
	Figure 3.1, Page #13.  “Noise” database information should be added (at least notionally) to the “hazard / Obstacle” detection and display part of Figure 3.1.  Noise abatement should also be factored into SVS, and should be specifically discussed in the text. [added ‘noise sensitive areas,’]
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	2.2
	FAA - Flight Standards
	Incorporated
	S
	Page 15, Item # 7.  Consider low-cost wake vortex modeling using ADS-B.  This work is ongoing at Stanford University.
	331

	2.3.1
	FAA - Flight Standards
	Incorporated
	S
	Paragraph 2.3.1, Page 16.  Lacking in the ConOps is any discussion of preventing runway excursions.  These occur when an airplane’s tires go off the runway or taxiway, and into the mud or other soft surface that is unable to hold the weight of the aircraft.  As a result, once the aircraft leaves the hard surface and becomes stuck, the runway and / or taxiway is closed, thus adversely impacting airport capacity / throughput.  The technology described in Paragraph 2.3.1 would help address this problem.
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	2.3.1.2
	FAA - Flight Standards
	Incorporated
	S
	Page 19.  In the pushback operation you describe, you state that SVS will not be beneficial in pushback.  In RTCA’s DO-242, to the contrary, the use of 3D own-ship and other aircraft siloulette depictions was discussed in the context of potentially reducing the number (and thus the cost) of marshallers required during the pushback process.  For example, at non-hub airports, 2 to 3 marshallers may be required, and if only one would be required with SVS, a significant cost savings could be achieved.
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	2.3.1.2
	FAA - Flight Standards
	Fixed
	S
	Page 20.  Last line. TCAS in its present design implementation does not work on the surface.  ADS-B does work, however.
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	2.3.2
	FAA - Flight Standards
	Incorporated
	S
	Page 21.  Last paragraph.  It is suggested that NASA evaluate how crews can use ADS-B overlay depictions (as part of an integrated SVS) to check for the presence of inbound aircraft that may still be in the clouds (say, when the ceiling is 100 over), using the 1-2 minute ADS-B predictor.  Using the ADS-B forward predictor may help determine if there is a potential conflict, as the arriving aircraft would still be in the clouds, and unable to be seen visually.
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	2.3.2.1.1
	FAA - Flight Standards
	Incorporated
	S
	Page 23.  Paragraph 2.3.2.1.1.  Also, Paragraph 2.3.2.3, Page 26,  A discussion is needed as to how an onboard terrain / obstacle data base could be used to allow for slight deviation in heading (in the event of a loss of power), yet would allow the aircraft to climb safely.  The operational benefit would be the ability to carry more fuel / payload, yet still have an acceptable climb gradient. [Insert at end of 2.3.2.3]
	336

	2.3.2.1.7
	FAA - Flight Standards
	Fixed
	S
	Page 26.  Last line, first paragraph.  While TCAS may be installed and functional in transport category aircraft, it will likely be inhibited at low altitudes.  ADS-B enabled airborne conflict management (ACM) could provide for more effective protection and alerting. [Fixed by earlier change]
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	2.3.2.5
	FAA - Flight Standards
	Incorporated
	S
	Page 27, List # 11.  The ADS-B MASPS (DO-242) defines a function whereby ADS-B could be used to mark uncharted towers, cranes, etc.  Consequently, these “transmit only” ADS-B systems could provide data regarding non-charted obstacles.  (There is even some thought being given within SC-186, WG-3, to use TIS-B to uplink information regarding NOTAMed and / or non NOTAMed non-charted obstacles, along with moving obstructions, e.g., tall ships in shipping channels, like at Boston’s Logan Airport). [2.3.2.5 #9]
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	2.3.3.1
	FAA - Flight Standards
	Incorporated
	S
	Paragraph 2.3.3.1, Page 27.  Add noise data to this “alerts and warnings” paragraph.
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	2.3.4.1
	FAA - Flight Standards
	Done
	S
	Page 30, Paragraph 2.3.4.1.  Change EGPWS to TAWS.
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	Apndx A - Approach Apps
	FAA - Flight Standards
	Done
	S
	Page 38, Paragraph 01.  Suggest that a discussion be included that states that baro altimetrey is really a “single tread” vertical height reference system, and while it provides vertical height information for approaches and for TCAS, is not without the opportunity for errors.  Use of GPS / WAAS and / or other augmentations should materially assist in increasing the quality and integrity of vertical height data.
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	Apndx A - Approach Apps
	FAA - Flight Standards
	Done
	S
	Page 38, Paragraph 02.  Birds.  A new technology, state-of-the art “bird sensing” system is needed.  DOD is presently evaluating how NEXRAD radars can detect migratory bird activity.  Bird detection and alerting systems should be a subject area of NASA SVS research, as bird encounters are becoming an important safety concern.
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	Apndx A - Approach Apps
	FAA - Flight Standards
	Done
	S
	Page 41.  Runway incursions.  Expand this paragraph to include runway excursions. [NA to this section]
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	Apndx A - Approach Apps
	FAA - Flight Standards
	Incorporated
	S
	Page 44, Item # 29.  LAHSO.  Consider adding a “ghosting” and pFAST function to SVS cockpit displays so as to assist pilots in spacing on other aircraft during LAHSO and landings on intersecting runways. [Rewording]
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	Apndx C
	FAA - Flight Standards
	Done
	S
	Page 61, Paragraphs # 8.5, 8.6 and 8.7.  Reductions in separation spacing as well as improvements in circling approaches and independent arrivals are being considered within the framework of satellite navigation systems and ADS-B.  Consequently, SVS cost / benefits analyses should acknowledge this possibility. [Inc in section 3 rewrite]
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	Apndx C
	FAA - Flight Standards
	Done
	S
	Page 63.  Table 8-2.  Replace EGPWS with TAWS.  Also, evaluate the economic benefits / impact of use of an avionics computer resource. [No change (quoted material)]
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	1.5
	FAA - ASY
	Added to issues
	S
	Many of the risks that we have identified in our risk assessments of ADS-B, Capstone, and Ohio Valley OpEval 2 seem to be applicable to SVS.  These items include dropped tracks, track skipping, hazardous and misleading information, training, etc.  These issues do not seem to be addressed in the CONOPS. [What are the risk factors associated with SVS implementation.  Examples are dropped tracks, track skipping, hazardour and misleading information, training, self-separation, database management.]
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	FAA - ASY
	NA
	G
	The Concept of Operations is well reasoned and complete.  ASY does not propose additional applications for SVS.
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	1.4
	FAA - ASY
	Done
	S
	[Deleted; was duplicate of entry 329]
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	3
	FAA - ASY
	Done
	S
	Several calculated SVS benefits should be partially achievable with alternative existing or near-term technologies (e.g., satellite-navigation and automatic dependent surveillance). Therefore, the SVS cost-benefits analysis should only give incremental benefits to those SVS applications that are not achieved by other planned capabilities as described in NAS Architecture 4.0.  For example, referencing Appendix C of the ConOps document which lists the most significant calculated benefits:

· (8.2 and 8.8) Improvements in runway occupancy times and taxiing during low visibility can be reduced through moving maps (now being investigated through SafeFlight-21, ICAO’s Advanced Surface Movement and Guidance Control Systems Panel and RTCA Special Committee- 159.)  This alternative capability should at least be acknowledged in the cost-benefit study.

· (8.5, 8.6 and 8.7) Reductions in separations as well as improvements in circling approaches and independent arrivals are being examined with the capabilities that will be provided by satellite navigation and ADS-B.  The cost-benefit should also acknowledge this possibility.

[Goes with #232-235]
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	Apndx A - Approach Apps
	FAA - ATS
	Done
	S
	Page 40, 10.  Hazardous Weather Avoidance:  In addition to depiction of uplinked near real-time weather information, consider also depiction of three dimensional icing forecast and turbulence forecast information (similar to that provided on the aviation digital data service).
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	Apndx A - Departure Apps
	FAA - ATS
	Incorporated
	S
	Page 46.  01 Weather/wind shear.  Consider how on-board systems for detection of wind shear (both passive detection and predictive systems) which are now in place would be integrated into the SVS, instead of utilized as a separate warning device. [Rewording]
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	Apndx A - Departure Apps
	FAA - ATS
	Done
	S
	Page 47.  03 Engine out/ Emergency Situation.  Keep in mind that the return to airport scenario is dependent on which  engine is no longer running.
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	Apndx A - Departure Apps
	FAA - ATS
	Fixed
	S
	Page 48.  09 Bird Strikes.  Individual bird strikes can be just as hazardous as “flock” bird strikes.  For example, hitting a bird, even the size of a duck, with the aircraft wind screen can result in either of two events:  outside visibility reduced to zero as windscreen is totally covered in viscous material which tends to stick, or breakage of the windscreen with the injured bird(s) now present, and in a state of full panic, in the cockpit. [Removed references to ‘flocks’]
	359

	Apndx A - Departure Apps
	FAA - ATS
	Fixed
	S
	Page 49.  14 Triple and Quad Departures.  Delete the sentence, “In all probability… hazardous situation.”  This is just highly speculative and is not needed. [Rewording]
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	Apndx A - Enroute Apps
	FAA - ATS
	Fixed
	S
	Page 51.  02 Emergency Descent.  Clean up sentence to make it clear the first sentence phrase, “… usually due to failure… “  applies to a powerplant failure not a structural failure of the airframe.   The sentence referring to mountainous areas should be restated to reflect that this is only a problem if the required descent altitude is lower than a safe terrain avoidance altitude (it really has nothing to do with mountains, per se). [Earlier fix]
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	Apndx A - Enroute Apps
	FAA - ATS
	Added to issues.
	S
	Page 52.  04 Weather.  Depiction of radar or real-time data link  might also include depiction of selected forecast data such as icing aloft.  See comments above related to the aviation digital data service. [Incorporated in ‘Approach’; need to check similar references in rest of Appndx]
	362

	Apndx A - Enroute Apps
	FAA - ATS
	Incorporated
	S
	Page 53.  09  Driftdown/Descent.  Driftdown is not, strictly speaking, “the tendency of the aircraft to drift down in altitude”.  Driftdown is the loss of capability to maintain altitude (loss of airspeed and lift) which may follow the complete or near-complete shutdown of one of more engines.  The so-called driftdown altitude is a known characteristic at a given aircraft weight.  It is a consequence of a powerplant problem, not just something that occurs on a continuous basis.  The statement “the tendency is greatest over mountainous areas” is completely false.  It might be better to substitute “The management of single-engine performance of multi-engine aircraft may become more difficult if the calculated sustainable single-engine flight altitude is lower than that required for safe terrain avoidance.
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	Apndx A - Enroute Apps
	FAA - ATS
	Done
	S
	Page 53.  09 Driftdown. emergency descent.  The loss of pressurization descent altitude is not a fixed 10,000 MSL value.  The actual required altitude for emergency descent and/or loss of pressurization is dependent on whether or not supplemental oxygen is available, and on the duration of flight following loss of pressurization.  Pilots are only required to begin supplemental oxygen when above 12,500 MSL but below 14,000 MSL for more than 30 minutes.  Flight above 12,500 for more than 30 minutes or above 14,000 MSL for any time requires the use of supplemental oxygen by required flight crewmembers.  Flight above 15,000 MSL requires that passengers be supplied with supplemental oxygen. [These are GA rules]
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	1.5
	FAA - AAR-100
	Done
	S
	CaB SVS Mission: “SVS will enable enhanced safe and consistent gate-to-gate aircraft operations in normal and low visibility conditions”

This is a strong claim that has not been substantiated.  Recommend changing will to may.  SVS may not be the best technological solution, perhaps this technology may be one component of a display sensor suite.
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	2.2
	FAA - AAR-100
	Done
	S
	SVS Elements: “It is envisioned that SVS elements would be integrated in a head-down or head-up display system.  The virtual visual environment may have a depiction of a terrain database background with multi-system information superimposed on it, or ultimately integrated into it a seamless system.”

A significant problem with this approach is that the database is static.  Meaning, everything in the database will be constant unless the database is updated.  For example, if San Francisco airport decides to construct a building after the database was created this building will not appear in the database.  Flight crews using SVS would not be aware of the new construction, which could lead to the flight crew choosing a flight path or ground course with an obstacle that is not displayed on the SVS monitor.  Of course the virtual visual database could be updated, but this is time consuming and expensive.  In addition, the majority of obstacles are dynamic (moving vehicles, cranes, general aircraft that may not be identified on the display) which would be impossible to model in the database.  However, future aviation operations may use ASD-B, but this assumption assumes that everyone will have ASD-B installed.  Therefore, if SVS uses the virtual-visual database as the sole input, this technology will not be able to detect unidentified objects. [See issue from #352]
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	2.2
	FAA - AAR-100
	Added to Issues List
	S
	Sensor Displays: “Various sensor images can be overlaid, processed, integrated or fused”

This will be extremely difficult.  … Long technical note on fused displays.
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	2.3 & beyond
	FAA - AAR-100
	Done -

Intro statement and insertion in 2.3
	G
	Procedures for using the SVS – by flight phase

The remaining sections of the proposal discuss all the different applications that SVS could improve aviation operations.  Although, SVS has numerous capabilities and could benefit specific flight applications, the proposal needs to be more specific on the technical approach for each of these tasks.  Moreover, these sections appear to market solutions to an immature technology, therefore it is difficult to comment on the validity of some of these statements. [Re: …follow-on requirements doc…]
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	FAA - AAR-100
	Added to Issues List
	G
	The proposal identified a solution to an aviation need.  The SVS need appears justified, but recommend including reviewing specific user requirements.  Will SVS meet the need of the user?  Who is the user?  This survey would identify airline requirements, match these requirements to existing technology, and to leverage Department of Defense sensor programs.  The SVS concept may or may not be successful, but there needs to be …[text moved to #370]  Lastly, the proposal needs to integrate human performance considerations associated with using SVS in mentioned applications.  The proposal is a concept of operations, but there are a number of human factors issues that must be considered at this stage to determine whether this technology is worth pursuing.  Listed below are few human factors issues to consider: [Entries 371-375]


	369

	
	FAA - AAR-100
	Added to Issues List
	G
	There needs to be careful consideration as to whether this approach is the optimal solution.  It is unclear as to whether the SVS concept is driving the requirement or that SVS is the correct solution to meet NAS needs.
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	FAA - AAR-100
	Added to Issues List
	G
	Does synthetic vision enhance pilot’s situational awareness compared to out-of-the-window viewing or to enhanced vision under no or low visibility conditions?  Specific performance measures include:

· Time to respond to traffic on the runway, time to determine bad flight path, time to reorient aircraft position during synthetic vision outage, time to respond to approaching traffic, recovery performance from unusual attitude, time to respond to ATCS flight path change, time to respond to TCAS and other alerts.
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	FAA - AAR-100
	Added to Issues List
	G
	What is the timing constraint associated with synthetic vision?  Are the emergency procedures different between the synthetic vision out-of-the-window systems?
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	FAA - AAR-100
	Added to Issues List
	G
	What is the potential impact for air traffic control requirements?  Do we want synthetic vision to be apparent to only pilots, only controllers, or to both pilots and controllers?

· If pilots only, controllers only, or both, these questions must be addressed:

· what is the safety buffer between aircraft?  What are the procedures during VFR and IMC?  What are the VFR and IMC procedures for synthetic vision and non-synthetic vision systems operating in the same airspace, airport, or taxiway.

· does the safety buffer change compared to the two systems?
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	FAA - AAR-100
	Added to Issues List
	G
	Will pilots’ decision-making responses be longer for the synthetic vision system compared to the out-of-the-window system?

· What are the implications of adding the synthetic vision system to the cockpit?

· How compatible will synthetic or enhanced vision systems be with existing avionics?  
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	FAA - AAR-100
	Added to Issues List
	G
	What are the pilots’ expectations when flying with synthetic or enhanced vision systems?  What are the tradeoffs between safety and efficiency when the safety buffer is reduced between aircraft?
	375
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