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Opening Thoughts 

  Why is display technology so important to the  
aerospace industry? 

 Touches just about every aspect of aviation from  
design and build to operations and maintenance 

 Electronic displays have enabled significant  
progress in safety, efficiency, and human  
interface within aerospace industry 
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A Brief History of Flight Instruments 

B&W Cockpit Model 40A Cockpit 

Early Single Seat Aviation 

Presenter
Presentation Notes
A history of commercial airplanes – from single seat to today’s modern commercial transport
As we go through these, pay attention to growth of instruments – in terms of number and complexity 
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307 Stratoliner 314 Clipper Flight Deck 314 Clipper Control Deck 

Early Commercial Transport 

Presenter
Presentation Notes
Clipper was a long range aircraft – 24 – 26 hour flights. Staffed by a six person crew
Pictured: 
Navigator TABLE
Radio operator
Flight engineer
Two pilots
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Transport Aircraft – Last of an Era 

377 Stratocruiser 

Presenter
Presentation Notes
377 Stratocruiser – last of the Boeing Propeller-powered luxury airliners. Began service in 1949, based on C-97 military freighter.
Soon to be displaced in commercial transport operations by the coming of the jet age with the Boeing 707 and Douglas DC-8. 
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Moving into the Turbo Jet Era  

707 Flight Deck DC-8 Flight Deck  

Presenter
Presentation Notes
Move into the turbo jet era was significant for many reasons but displays and instruments remain the same.
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Continuing the Turbo Jet Era  

727 Flight Deck 737-200 Flight Deck DC-10 Flight Deck 
747-200 Flight Deck 

A thousand lights, gauges & switches 

Presenter
Presentation Notes
After 707 and DC-8, the turbo jet transport continued to evolve with the 747 representing the flight deck of a thousand lights, gauges, and switches.
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757/767 Flight Deck 

The Beginning of Electronic Displays  

SST Mock-up 

Presenter
Presentation Notes
And then during the late 60s and early 70s, electronic displays began to be considered for commercial transport airplanes – at least in research.
Pictured is an early version of the Boeing Super Sonic Transport mock-up showing the implementation of CRTs for the flight instruments.

This early research work led to ultimate implementation of electronic displays (color CRTs) on the Boeing 757/767 airplanes, followed later on with the introduction of CRTs on the MD-90. 
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Evolving Electronic Displays  

747-400 777-200 787-8   757/767 Flight Deck 

Presenter
Presentation Notes
The next rendition of electronic displays on Boeing airplanes was the 747-400.
This was followed with the introduction of liquid crystal displays on 777 (which were subsequently implemented on the 737-NG).

Today the 787 is in service with large LCDs that basically have replaced all of the traditional analog and electro-mechanical instruments. Also included are electronic flight bag units on the side walls as well as dual head-up displays, one for each pilot.
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Electronic Displays: 

747-400    and    747-200  

Enabling information from data  

Presenter
Presentation Notes
Depicted here are two versions of the 747, the original model with a thousand lights, gauges and switches and the upgraded 747-400. These electronic displays enabled the integration of data into information that is more readily understood and interpreted by the flight crew.
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Engine Instruments / Crew Alerting 
EICAS enabled by CRTs 

supported move from 3 to 2 crew 
314 Clipper Engineer’s Panel 

707 

Presenter
Presentation Notes
One of the important concepts that electronic information displays enabled on the flight deck was a centralized engine instrument and crew alerting system (EICAS) that both increased safety and reduced workload for the flight crew. Also significantly reduced the number of individual parts required by the pilots to monitor engines and systems on-board the airplane
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Engine Instruments / Crew Alerting 

Presenter
Presentation Notes
Moving to electronic display of engines and alerting –
Only need to show information when needed
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Electronic Checklist & Synoptics 

Presenter
Presentation Notes
Electronic displays also facilitated safety enhancements like Electronic Checklists
Checklists describe both the normal and non-normal procedures that guide pilots in the operation of the airplane today. By using the electronic checklist that was introduced on the Boeing 777, a significant safety enhancement was achieved. Many items are closed loop and for those that are not, the flight crew can still easily keep track of items as they are completed. It is also easy to determine if the checklist has been completed or not.

The synoptic display represents a higher level of situation awareness regarding all of the airplane systems such as flight controls, fuel, electrical, etc.
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Integration & Linkage of Information 

Presenter
Presentation Notes
One of the advantages of electronic displays is the ability to not only integrate information but also to automatically link key information.

Here’s an example of a non-normal hydraulic event, i.e, a failure of one of the hydraulic systems.
The first indication the pilot gets is a cautionary alert on EICAS (click)

Then by simply pushing the CKLST button on the display select panel, the appropriate electronic checklist is brought up. (click)

If the flight crew wants additional situation awareness information about the hydraulic system, the pilot merely needs to press the SYS button on the display select panel and the appropriate synoptic is brought up, i.e., that linked to the non-normal condition, in this case the hydraulic system. (click)
This particular synoptic shows the failure within the hydraulic system.
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Navigation Display 

Basic Navigation Display 
with Flight Plan Path 

Navigation Display 
with Terrain 

Navigation Display 
with VSD 

Presenter
Presentation Notes
One the earliest real benefits of electronic displays was the ability to portray to the flight crew a moving map or navigation display. Prior to this a lot of information from instruments and charts needed to be integrated within the pilots head to know their position. With the advent of electronic displays and the moving map navigation display the flight crew can easily and simply view and understand where they are as well as where their flight path and flight plan will take them.

In addition, additional information like weather and terrain can be displayed simultaneously. This next picture shows the implementation of terrain on a navigation display.

Within the last ten years, the ability to also present a side looking vertical profile display has significantly aided the flight crew in understanding both their lateral as well as vertical position in space.
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Enhanced Navigation Display - 787 

Presenter
Presentation Notes
On the 787 situation awareness was enhanced again with large format displays. Here you can see the wider picture and hence greater SA afforded by these larger format displays.
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Enhanced Navigation Display - 787 
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Surface Navigation 

Airport Moving Map on the 787 

Presenter
Presentation Notes
Getting around airports used to be a paper and pencil task as well, with pilots using paper surface maps to navigate around airports. With the advent of electronic displays and appropriate databases, the pilot can now see an electronic depiction of the airport with their ownship airplane superimposed on this display.

Depicted here is Seattle-Tacoma airport with an airplane positioned at the North Terminal
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Interactive Flight Deck Displays 

Presenter
Presentation Notes
Electronic displays on the flight deck aren’t just about presenting information to the flight crew, it’s also about the flight crew interacting with the displayed information
With the advent of the electronic checklist on the 777, a way to interact with the displays was necessary and so a Cursor Control Device was also implemented. Shown here is the CCD installation on the 787. On both the 777 and 787, the CCD consists of a touch panel device for moving the cursor on the displays with an integrated selector button. On the 787, there is also a back-up rotary CCD to move between fields.

Note that there are two CCDs on the flight deck, one for each crew member and on the 787, they interact with many of the displays, but not all of the displays. The primary flight display has no cursor function.

Also introduced on both the 777 and 787 is a touch screen enabled electronic flight bag that enables direct touch control of information on the display.
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Going to Paperless 

Presenter
Presentation Notes
As you can see from these pictures, there is quite a bit of paper used on the flight deck by the flight crew. One of the goals of electronic flight bags is the elimination of much or all of this paper. In addition to the integration of information, moving to electronic media on the flight deck also has the potential to create efficiencies in how all of that data and information is updated. 
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Primary Flight Information 

Growth of Situation Awareness 

Presenter
Presentation Notes
Pictured here is an older version of the 737 forward instrument panel with the pilots’ primary flight instruments shown in front of each pilot station.

With the advent of electronic displays, the information was able to be presented in more intuitive forms and key information can be emphasized or depicted as the situation warrants. 

Here we show the growth of the PFD from the 747-400 and 777 to the display used on the 787.
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Synthetic Vision Displays 

Presenter
Presentation Notes
More recently, and as we move into the future, there is the promise to enhance pilot situation awareness even more with synthetic vision displays with artificial terrain and flight path information superimposed on the primary flight display. This can represent a significant enhancement of information integration. 

BUT, a synthetic vision depiction is only as good as the data base it is generated from and obviously doesn’t contain real-time information about other external objects such as other airplanes and potential obstacles on the runway so there are some short-comings.
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Head-Up Displays 
Superimposing on the outside view 

Presenter
Presentation Notes
As we move from head down displays to head up displays, we see the possibility of integrating primary flight information onto the real world. Here is a depiction of a HUD installed on the 737-NG as well as two views looking through a HUD. This helps the pilot in several ways:
It allows the pilot flying to both see the outside world as well as keep track of critical flight parameters without having to look back and forth between the displays inside the airplane and the view out of the window.
It allows potentially allows the pilot to operate under reduced visibility conditions
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Enhanced Vision Displays 
Enhancing the outside view 

Photo Courtesy  
Rockwell-Collins International 

Normal 
HUD 

HUD w/ 
EVS 

Presenter
Presentation Notes
Recently we’ve seen the implementation of enhanced synthetic vision onto HUDs. Several technologies are being used,  both infrared sensors as well as millimeter wave radar. Both have their advantages and disadvantages,

As we move into the future, look to see the fusion of enhanced and synthetic vision systems to obtain the best of both concepts in giving the pilot all-weather and enhanced situation awareness eyes on the world.
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Displays in Training Simulators 

An early flight simulator 

Presenter
Presentation Notes
Displays have also enabled advances in other parts of the aviation industry

Here we see an early training simulator getting the would-be pilot ready for actual flight 
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Displays in Training Simulators 
Full motion devices with wide field of view out the window visuals 

Presenter
Presentation Notes
Today’s full flight simulators are much more sophisticated and represent an unprecedented sense of realism for simulating the important aspects of flight for the training of flight crews.
Depicted here is a full flight training simulator for the 787. In addition to the range of motion and realistic flight deck, the visual system used to simulate the outside world is key to enabling the training of flight crews for both normal as well as real world non-normal events.

The out the window visuals are seen as a half dome on the front of this simulator
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Displays in Training Simulators 
T-45 trainer with wide field of view visuals 

Presenter
Presentation Notes
As you can see from this picture, large field displays are also used in military trainers like this T-45 trainer. 

While it can’t completely substitute for all in-flight training, these flight simulators with their high fidelity visual systems are both more efficient and safer than training much of the maneuvers in actual flight
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Displays enable cost effective trainers 

787 Flight training device 

Presenter
Presentation Notes
Interactive displays have also found their way into cost effective crew trainers that are not only less expensive to build and maintain, but can also be transported to multiple locations.
Depicted here is a rendition of the flight crew training device for the 787. It contains all the necessary functionality to carry-out initial training for the 787 flight crew
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Displays in Aircraft Maintenance 

Portable maintenance displays 

Presenter
Presentation Notes
Outside the realm of pilots and flight crew, displays have also enabled a new world for those who maintain the airplane.

Pictured here are several maintainers using the portable maintenance device. Imagine the world before this with multi-volume reference books sitting back at the maintenance shed that mechanics would need to refer to when maintaining the airplane.
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Displays in Airplane Design 

Drafters circa 1920s 

Historical View 

Drafters circa 1960s 

Presenter
Presentation Notes
And even the way we design airplanes has been significantly impacted by electronic displays.

Here’s a historic view of how airplanes were designed by engineers and drafters

Even into the 1960s drafters got into their work by climbing onto the drafting tables.
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Displays in Airplane Design 

Airplane design today! 

Designing the 777 
On CATIA 

Designing the 777 
and the 787 

Presenter
Presentation Notes
On the 777, Boeing took a significant step forward into the digital age by basing the 777 airplane design solely on a digital CADCAM systems known as CATIA.
This digital design has continued on the 787 and enabled a whole new way for engineering the airplane with partners around the world

As shown here, electronic displays are an important part of CATIA and designing the airplane
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Displays to Enhance Passenger Experience 

Stratoliner passenger cabin 

747-400 Entertainment Console 

737-NG In-flight Entertainment 

Presenter
Presentation Notes
And here’s some examples of what many of you today take for granted in the passenger cabin – in-flight entertainment.
Previously, newspapers, books, and talking were the ways passengers were entertained.

Here’s a picture of a fully populated 737-NG in-flight entertainment system.
And in many aircraft, especially in business and first class, entertainment consoles are available.

And for the ultimate in in-flight entertainment, here’s a depiction of an entertainment suite on the Boeing 787 Business Jet.  
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Displays as Enablers 

• CRTs enabled Moving Maps, Electronic 
Checklists, System Synoptics 

• LCDs enabled common displays with multiple 
display configs, i.e., 737 Classic EFIS and 737 NG 
(with 777 formats) 

• HUDs enabled safer and low visibility approaches 
 

• What will future display technology 
enable? 



COPYRIGHT © 2010 The Boeing Company. All rights reserved 

Future Needs for Aviation 

• Continued enhancements to safety 
• Increased capacity and efficiency in flight 

operations 
• Move to paperless (facilitates integration and 

database updates) 
• Continued emphasis on reduced non-recurring 

time and cost 
• Continued pressure on recurring cost, power 

and weight 
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What might the future hold? 

 Virtual windows - flight crew and 
passengers 
 Touch-enabled display and control 
 Head Worn Displays for maintainers and 

pilots 
 Fully immersive 3-D computer design 
 High reliability, low cost, light weight 
 Easily upgradeable – economically support 

the 30-40 year airframe life cycle 
 

Presenter
Presentation Notes
As we move into the future, there are many opportunities for electronic displays to continue their impact on aviation.

Rather than show you these possibilities, I’d like you to sit back and imagine in your mind’s eye what this might look like.

A passenger cabin with a 360 degree virtual picture.
A flight crew capable of seeing the outside world anywhere, anytime and safely following a virtual flight path in any weather
Head worn displays for maintainers enabling efficient and safe hands-free maintenance of the airplane
Fully immersive 3-D design 
A highly reliable, low-cost and light weight display system that meets the environmental needs of the aviation industry but at the same time is easily upgradeable so that the 30 – 40 year life cycle of our airframes can be economically accommodated.
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Summary 

 We have seen where we have been 
 We know where we are today 
 We have discussed some of the 

possibilities for the future 
 It is up to us together to determine where 

we will go next 
 An exciting future is before us 
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Questions? 
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