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Appendix H


Error Scenarios: 

1. Amount of display cross-checking/Accuracy of the pilots mental model of the environment

If the pilot has an inaccurate mental model of the environment surrounding the destination airport, he/she may waste time cross-checking information that appears on the SVS display in an attempt to gain a better understanding of his/her environment. If the cross-checking between displays becomes excessive, the pilot may not allocate enough time to the SVS display. This could result in inaccurate understanding of the terrain surrounding the destination airport, which could lead to errors. This error would likely be remedied with experience and training, which would effect the use of displays and facilitate an accurate mental model of the environment.

2. Amount of display cross-checking/Amount of time spent looking out the window

The error in this scenario depends on the desired action. If it is desirable to have the pilot spend time looking out the window (perhaps to gain confidence in the SVS display by cross-checking its accuracy) then an error would occur if the pilot spent an excessive amount of time cross-checking between head-down displays. If there is a high level of mental workload (which is normally the case in the approach/landing phase of flight) then allocating attention to many displays to cross-check information may not be desirable. If, however, it is desirable to have the pilot cross-check between displays (most likely in conditions of low mental workload, or in order to have the pilot gain trust in the SVS display) then spending an excessive amount of time looking out the window could result in this type of error because attention is taken away from the pertinent displays.

3. Amount of display cross-checking/Amount of time spent reading instruments other than the SVS

This relationship probably does not represent an error scenario because both characteristics entail the pilot spending time viewing instruments other than the SVS. In this way, the two characteristics are similar, and an error scenario is difficult to imagine.

4. Amount of display cross-checking/Amount of time spent viewing the SVS display
The error in this pairing in obvious. If it is desirable to have the pilot allocate the majority of his/her attention to the SVS display, the spending time cross-checking between displays would divert the pilots attention from the SVS which could result in the pilot having inaccurate or insufficient information about the terrain surrounding the destination airport. This error will likely be remedied if the pilot has sufficient experience with, and trust in, the SVS display, and is therefore less likely to cross-check information.

5. Amount of time spent looking out the window/Accuracy of the pilots mental model of the environment

Because the SVS display would provide a clear picture of the outside environment regardless of weather conditions, it would be more desirable to have the pilot allocating attention to the SVS display rather than looking out-the-window for this information. Because of possible adverse weather conditions, the out-the-window view may be very limited and would therefore result in the pilot having a less accurate understanding of the environment surrounding the destination airport.

6. Amount of time spent looking out-the-window/Amount of time spent reading instruments other than the SVS

Like previous scenarios, the possible error represented in this pairing depends on the desired actions, which depends on the current situation. If it is desirable to have the pilot spend time looking out the window, possible in VFR conditions, then spending an excessive amount of time reading instruments could lead to errors. However, the reverse situation is more likely considering that SVS will most likely be implemented in high end businesses and commercial aircraft which fly in IFR conditions. In this case, it is more desirable to trust ones instruments and not the out-the-window view. Therefore, spending time looking out the window and not at relevant instruments in order to obtain information would result in an error. 

7. Amount of time spent looking out-the-window/Amount of time spent viewing the SVS display

An obvious error would result in the pilot did not pay attention to the SVS display, and instead relied on out-the-window information. Because of possible adverse weather conditions, the out-the-window view may not provide clear information about the terrain environment surrounding the destination airport, while the SVS display would provide a clear view of terrain regardless of weather conditions. It is therefore more desirable for the PF to allocate attention to the SVS. 

8. Amount of time spent viewing the SVS display/Accuracy of the pilots mental model of the environment

Because the SVS provides a accurate representation of terrain surrounding the destination airport, it should facilitate an accurate mental model of the environment. Therefore, an error would result if the pilot does not trust the SVS and therefore does not rely on it in order to gain an understanding of his/her environment.

9. Experience and ability of the pilot/Accuracy of the pilots mental model of the environment

For obvious reasons, if the pilot has little experience with the environment surrounding the destination airport, his/her mental model of that environment will most likely be less accurate. However, the SVS display is designed to facilitate an accurate mental model of the terrain environment, in this way, even a pilot with little experience should be able to gain a more accurate understanding of the environment. 

10. Experience and ability of the pilot/Amount of time spent looking out-the-window

If the pilot has little experience with the SVS display, he/she is more likely to allocate attention to the out-the-window view. Because the SVS is meant to replace, or at least supplement the out-the-window view, it should provide a clearer picture of the terrain, and is a better source of information. Therefore, excessive time spent looking out-the-window could lead to errors.

11. Experience and ability of the pilot/Amount of time spent reading instruments other than the SVS

This scenario is very similar to number eleven (11). If the pilot has little overall experience or little experience with the SVS display, he/she is more likely to spend an excessive amount of time reading instruments other than the SVS, when the SVS is often the better source of information. This is of course dependent on the type of information that is needed, and the above error would only pertain to situations in which the relevant information is available on the SVS display. 

12. Experience and ability of the pilot/Amount of time spent viewing the SVS display

Pilots who have little experience with the SVS, or little overall experience, are more likely to spent less time viewing the SVS display, and will therefore rely on it less for information. This is a potential error since the SVS display should provide the clearest picture of the terrain environment. This problem will likely be alleviated if the pilot gains experience with, and trust in, the SVS display. 

*Note: The characteristics “Accuracy of GPS” and “Accuracy of terrain database” have been combined in the following  section. This was done because the characteristics resulted in the same entries in the matrix, and therefore, for our purposes, they have the same influence and sensitivity in the system, and can be considered together.

13. Accuracy of the GPS/Terrain database/Accuracy of the pilots mental model of the environment

The error in this pairing is obvious. If the GPS/Terrain database is inaccurate, the pilot’s metal model of the environment will be somewhat inaccurate. Inaccuracy of the GPS/Terrain database will also result in the pilot putting less trust in the SVS and therefore relying on it less.

14. Accuracy of the GPS/Terrain database/Amount of time spent looking out-the-window

If the GPS/Terrain database provides an inaccurate rendering of the terrain environment, and the pilot is aware of this because the images of the SVS and the out-the-window view are not aligned, then he/she will ignore the SVS display and will rely on the out-the-window view for terrain information. This is an error because the SVS is meant to enhance the pilots understanding of the terrain environment. The proper functioning of this system is therefore essential. 

15. Accuracy of the GPS/Terrain database/Amount of time spent reading instruments other than the SVS

This error scenario is similar to number fifteen (15). If the GPS/Terrain database is inaccurate, and the pilot is aware of this malfunction, then he/she will spend more time viewing instruments other than the SVS.

16. Accuracy of the GPS/Terrain database/Amount of time spent viewing the SVS display 

Again, if the GPS/Terrain database is inaccurate, and the pilot is aware of this, he/she will not allocate attention to the SVS, and will instead obtain needed information from other pertinent displays. 

17. Glare on the SVS/Accuracy of the pilots mental model of the environment

If the glare on the SVS display is intense enough that the pilot can not accurately read information on the display, then the PF will have a less accurate mental model of the environment. In order to correct this error, the SVS display should be sunlight readable and tested in various positions on the cockpit.

18. Glare on the SVS/Amount of time spent looking out-the-window

This pairing represents an obvious error. If there is a intense glare on the SVS and the pilot is having a difficult time getting information from the display, then he/she will allocate his/her attention elsewhere.

19. Glare on the SVS/Amount of time spent reading instruments other than the SVS

This pairing is essentially the same as number nineteen (19). If the SVS display is unreadable, the PF will allocate attention to instruments other than the SVS.

20. Glare on the SVS/Amount of time spent viewing the SVS display

Again, if the SVS display is unreadable, the pilot will spend less time viewing it, and will obtain needed information from other instruments.

21. Limitations of the machines processor/Accuracy of the pilots mental model of the environment

If the machine’s update rate or processor is slow, the display of current terrain information will be delayed, and there will be a misalignment between the SVS display and the out-the-window view. This will result in the PF having a less accurate mental model of the terrain environment, especially in IFR like conditions. It is therefore essential that the two images are aligned as closely as possible. This situation could be further improved by using the proposed FLIR sensor in order to check the accuracy of the GPS and terrain databases.

22. Limitations of the machines processor/Amount of time spent looking out-the-window

If the display of current terrain information is delayed because of processor limitations, and the images from the SVS display and out-the-widow do not align, then the PF will spend more time looking out-the-window and less time viewing the SVS display. This is an error because the purpose of the SVS display is to provide a clearer picture of the terrain environment, and it is therefore undesirable to have the pilot gain this information from the out-the-window view instead. This is especially true if weather conditions are making it difficult to clearly view terrain out-the-window. 

23. Limitations of the machines processor/Amount of time spent reading instruments other than the SVS. 

Similar to the scenario in number twenty-three (23), if the images displayed on the SVS are delayed, the SVS will be less usable, and the PF will most likely allocate less attention to the SVS display.

24. Limitations of the machines processor/Amount of time spent viewing the SVS display

The error here is quite obvious. If the images displayed on the SVS are delayed because of processor limitations, the information on the SVS will be less accurate and the PF is more likely to rely less on the SVS display, and therefore spend less time viewing it. 

25. Pictorial scene information density

*Note: The characteristic “Pictorial scene information density” is paired with the characteristics “Accuracy of the pilots mental model of the environment”, “Amount of time spent looking out-the-window”, “Amount of time spent reading instruments other than the SVS”, and “Amount of time spent viewing the SVS display” in the error scenario matrix. Because this analysis did not attempt to determine which type of pictorial scene information density (photo-realistic, less detailed terrain texture, or a wire-frame) was most desirable, it is difficult to determine what the affect of each of these types would be on other characteristics. It should simply be taken into account that the type of rendering chosen has the potential to effect how accuracy of the pilot’s mental model of the environment is, and how much attention the pilot devotes to the SVS display. The specifics of these relationships will be able to be determined with current research, which is attempting to determine the advantages and disadvantages of the various depictions. 

