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Abstract
In this paper, we describe the evolution of the Human-
Device Interface in the field of the Technical Documenta-
tion needed to operate and maintain Aerospace Systems.
This evolution is shown starting from paper and detailing
subsequence digital solutions. Also some indications for
user interface definition requirements are given.

Introduction

Technical Manuals are a key asset in operations and main-
tenance of in-service aircraft. The final role of the Techni-
cal Manuals in those activities is to help the end user to ac-
cess the right information at the right time, in the right lan-
guage, and the right media at the right level of detail using
the right device and user interface [United States Air Force
Scientific Advisory Board, 1999]. This goal is shared by
the civil and military aerospace world because they are
facing the same generic requirement: keep the maximum
operability and readiness of the fleet.
 To prepare the evolution of the Technical Manuals and
achieve its fundamental objectives, we have to change the
perception of them. We should see them as a particular
solution of the generic challenge of knowledge and human
expertise transfer. The end user, within his working envi-
ronment and within the related process, has to receive the
updated knowledge he or she needs to perform his opera-
tion and maintenance tasks.
 With this new mentality, we will make a review of the
initial paper solution towards interactive, multimodal and
the newborn Augmented Reality solutions [URL
ARVIKA] of the digital world.  

 Today we have to anticipate this new reality by devel-
oping applicable and appropriate concepts, while keeping
up present service levels and securing daily business.

Technical Data in Paper Form

The starting point of the review is in line with the founda-
tion of ATA and AECMA as the main Standards Bodies of
the aerospace world. ATA [URL ATA] was founded by a
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group of 14 airlines that met in Chicago in 1936. It serves
as a focal point for industry and airlines to standardize
practices and enhance the efficiency of the air transport
system. The first edition of ATA-100 (Specification for
Manufactures’ Technical Data. ATA Specification Nr. 100)
was published in June 1956. Personal Computers were not
available in those days, so the choice for the output device
was easy: PAPER.
 The European initiative is AECMA (The European As-
sociation of Aerospace Industries). It is mainly adopted by
military projects, but it is a standard that could be adopted
in other activity areas. The standards for Technical Manu-
als are:

• AECMA 1000D (1989) International Specification for
Technical Publications utilizing a Common Source Data
Base [URL AECMA].

• PSC-85-16598AECMA Simplified English
 AECMA 1000D was born in the Computer era and was
based mainly on ATA and MIL-M standards. It manages
“Information Units” called “Data Modules”. They can be
grouped following certain rules to become Technical
Manuals for paper or digital distribution and usage.
 ATA and AECMA standards explicitly describe rules for
publishing Technical Manuals in paper form. So here we
have our first Human-Device Interface: PAPER

Paper Solution
Device: Paper in form of a book with specific dimensions.
Information Types: Text and illustrations
User Interface rules: Complete layout definition for text
and illustrations, optimized for the paper sizes defined in
the standards. For the page we have: size, header, footer
definitions. For the text we have: font (size, type, color:
black), paragraphs, tables, lists. For the illustrations we
have: layout of the information, lines definition (width,
type), textual information font, symbols, callout , type of
perspective.
Interactivity: The functionality of interaction is in passive
mode. It is expressed within the page layout and the textual
and graphical description of the information.

• Access and search: The user has to find manually the
proper information following textual references or in-
dexes or Tables of Contents that leads him or her to
other information units in the Technical Manual or into
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other Technical Manuals. The user has to transport it to
access to the information.

• Sharing of knowledge: Direct annotations in the paper.
The annotated information remains individually, it is not
well shared and can be lost in the updating of the Tech-
nical Manual. The information cannot automatically be
transfer to other media (apart from the scanning of the
pages).

• Modifications: The paper can be signed. Modifications
of the original paper are easily recognized. To update the
information in the Manual, the user has to manually
change the affected pages.

Figure 1. Look and Feel of a Paper Technical Manual. AECMA
formatting rules.

Technical Data in Digital Form

When we enter the digital world, we have to deal with a
new set of questions:

• Which are the Electronic Display Devices (EDD) that
are used to interact with the technical information?

• Which are the digital format compatible with the EDD?

• Are we going to adapt our information objects (text +
illustrations) to the EDDs capabilities?

• Are we going to introduce new information objects like
video, animations, 3D objects, according to technology
capabilities and its convenience for knowledge transfer?

• Are we going to introduce interactive features like
searching or navigation among information objects?

• Are we going to integrate the Technical Data Informa-
tion Objects into operational or maintenance processes?

• Which are the capabilities of current Information Tech-
nology , infrastructures and available EDDs?

 Each of these issues has a big impact on the User Inter-
face Design, in the way in which the user is going to inter-
act with the knowledge embedded in the Technical Manu-
als.
 In the next paragraphs we will describe:

• Page-Oriented Solutions

• Information-Oriented Solutions

• Web-Oriented Solutions (mentioning also the 3D initia-
tives in this field)

• A non-exhaustive view of available devices to access in-
formation inside Technical Manuals.

Page-oriented Solutions
Device: Any device (Personal Computer (PC), Laptop,
Handheld, Personal Data Assistant (PDA), Tablet-PC, oth-
ers to come) that enables the installation of the software to
read the digital format of the Technical Manual.
Information Types: Text and illustrations, with possibility
to add new types such as video or animations. The digital
formats are based on international standards or commercial
standards that permits continuity in time (PDF, TIFF,
JPEG). Some current software applications use proprietary
formats.
User Interface Rules: Mainly based in the capabilities of
the software application. These capabilities now are ruled
by general market requirements, so they maybe are not op-
timized for aerospace requirements.
Interactivity: The functionality of interaction is improved,
discharging the user of most of the searching and accessing
activities.

• Access and search: the user can access to the relevant in-
formation using digital indexes, Tables of Contents,
searching words, by clicking in textual references. You
keep the page layout but you can have the digital bene-
fits of accessing to information. While transporting one
device, you can access to different Technical Manuals.
Accessing and searching information is one of the areas
were moving into digital has a positive impact.

• Sharing of knowledge: You can reuse the digital infor-
mation but normally in a manual way (copy & paste).

• Look & Feel: You have still the constrains of the fixed
size of the information area that is not well adapted to all
type of devices. As you can see in Figure 2, for the very
same source of information (PDF Technical Manual)
you can have different software applications to interpret
it. With the simple action of converting physical paper
into digital paper, we encounter with different soft-
ware/device combinations that lead us into different
learning processes for each combination.

• Modifications: There are several possibilities that sim-
plify the user task of updating the technical Manuals.
The digital signature not yet widely used.

Accesibility: You can find solutions for stand alone and
network use. You also can find internet compatible solu-
tions. The type of accessibility you can have an impact on
the interactivity area of the User Interface.
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Figure 2. Same PDF file, same EDD, different SW Application,
Page-oriented Technical Manual

Information-oriented solutions
In this case we get rid of the page format layout and ex-
plore new ways to show the information to the user,
adapted to their specific information needs. Generally sev-
eral “information window” are used.
Device: Any device (PC, Laptop, Handheld, PDA, Tablet-
PC, Head-mounted displays, others to come) that enables
the installation of the proprietary software to read the pro-
prietary digital format of the Technical Manual.
Information Types: Text, illustrations, with possibility to
add new types as video or animations. The digital formats
are extended by the inclusion of international standards, or
commercial standards ones that allow continuity in time
(SGML, XML, PDF, TIFF, JPEG, GIF, MPEG) and fa-
cilitates ones integrated in the proprietary application new
levels of data assembly and interactivity.
User Interface Rules: The Graphical User Interface (GUI)
is a mix between the software application ones and the
ones inherent to the information (links among text, illus-
trations, videos, animations, pop-up windows to show as-
sociated information, etc). The information and the soft-

ware application are combined together to offer better in-
teraction to the final user. Each software application has its
own set of icons and display modes:

• predefined window layouts for text, graphics, warnings,
cautions, notes, dialogs, tables, and parts information.

• alternate frames to show information about systems and
equipment with multiple versions or variants.

Figure 3. Navigation Sample in a Interactive Digital Manual
[AIRBUS SAS, 1995]

Figure 4. (AIMSS) Advanced Integrated Maintenance Support
System. Information Oriented Digital Manual [AIMSS, 1996]

Interactivity: The functionality of interaction is improved,
discharging the user of most of the searching and accessing
activities.

• Access and search: the user can access to the relevant in-
formation using digital indexes, Tables of Contents,
searching words, by clicking in textual references (Fig-
ure 3). You now can have the information arranged in
better ways for specific necessities. While transporting
one device, you can access to different Technical Manu-
als. Accessing, searching and arranging information, are
the areas were moving into information oriented solu-
tions has a positive impact. The interaction logic in each
software application can be very different from applica-
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tion to application, increasing the learning effort for the
user.

• Sharing of knowledge: You can reuse the digital infor-
mation in a more automatic ways (copy & paste, im-
porting/exporting).

• Look & Feel: You have a variety of possibilities de-
pending of the software application.

• Modifications: There are several possibilities that sim-
plify the user task of updating the technical Manuals.
The digital signature not yet widely used.

Figure 5. EDEN (Electronic Documentation Enhanced Naviga-
tor) [Thomson-CSF Detexis, 2000]

Accesibility: You can find solutions for network and stand
alone use, mainly. The type of accessibility you can have
an impact on the interactivity area of the User Interface.

Web-Oriented Solutions
Due to the general support of internet technologies, and the
possibility to integrate the Technical Manuals into business
processes and services (e-business), there is a trend to offer
solutions based in web technologies.
Device: Any device (PC, Laptop, Handheld, PDA, Tablet-
PC, head-mounted displays, others to come) that allows the
installation of the web browser (client side) to read the
digital format of the Technical Manual.
Information Types: Text, illustrations, with possibility to
add new types as video, sound, animations and 3D models.
The digital formats are based in international or commer-
cial standards mainly compatibles with internet technology
(XML, PDF, CGM, TIFF, JPEG, GIF, MPEG, WMP,
SWF, SVG, VRML). In this case, we have to note that
“scripts” are included in the information files which are the
key for new features and higher levels of interaction and
integration with business processes. These “scripts” can be
written in different programming languages which are web
compatible (e.g; javascript, CGI, PHP, etc). Software is
emerging towards highly interactive and even proactive
concepts, such as “software agents”.
User Interface rules: The user interface features are
around the different use of the web browser. One can iden-
tify three ways of use: (1) Using the web browser as it is,
with its default UI. (2) adding plug-ins to modify the de-

fault UI and increase interactivity functionality. (3) use the
“web core” of the web browser, so the application can run
in a web environment, and then developing a new applica-
tion around that “web core”, with a specific UI defined by
the Technical Manual Publisher. Now, the main difference
is that with internet standards and technology the publisher
can explore different possibilities how to define generic
UIs and to adapt them to specific needs, for example, de-
pending on the display device: UIML [URL UIML].

Figure 6. AIRBUS offering: ADOC N@vigator

Figure 7. AIRBUS. Flight Crew Operations Manual. Web Inter-
face

 What is UIML?: UIML stands for "User Interface
Markup Language." UIML is an XML language for defin-
ing user interfaces. UIML is used for defining the actual
interface elements. This means the buttons, menus, lists
and other controls that allow a program to function in a
graphical interface like Windows or Motif. UIML is used
to define the location, and design of controls. It also de-
fines actions to take when certain events take place. Users
create events when they interact with the interface by typ-
ing a key on the keyboard or moving and clicking the
mouse.
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Figure 8. First steps into the practical 3D [URL Parallel Graph-
ics]

Interactivity: In addition to the previous described in the
information-oriented solutions, the user has the possibility
of use speech technology to command the software appli-
cation and receive aural information through text-to-speech
technology. The progress in using 3D models (VRML ob-
jects) opens the door to a new dimension, a new way to
visualize the information and to interact with it (Figure 8).
Virtual Prototypes and digital mock-ups are already in use
in design office and manufacturing areas. The near future
will give the possibility to use this type of information in
3D in technical documentation and training products.
Accesibility: You can choose among stand alone, network,
intranets or internet. Also relevant Technical Manuals can

be integrated in the company processes in a complete e-
business solution. For example: access to all relevant in-
formation through an e-portal.
 Due to the present Information and Communication
Technology capabilities, a new collaborative working envi-
ronment is emerging. The user is not alone doing his tasks,
but connected on-line with a support center. The user can
establish a communication with the support center to re-
quest on-line information, and the support center can see
the user environment through video connection. In this
case the on-line service UI is superimposed to the Techni-
cal Manual UI (integration into business processes).

Available Devices to Access to Technical Manuals
Information
As we mentioned before, the final Electronic Display De-
vice has a big impact on the interaction between the human
user and the Technical Data that he or she needs to work
with.
 Let us take a non exhaustive look at the available devices
ready to be used for the consultation of Technical Data:

Figure 9. Personal Display Systems for Augmented reality [URL
Microvision]

Augmented Reality Personal Display System : A Per-
sonal Display System for Augmented Reality is a “see-
through” high-resolution head-worn (sometimes called
head-mounted) display that should allow mobile viewing
of electronic information in all lighting conditions.

Tablet-like PCs and PDAs: The rugged PCs and Tablet
PCs, in general are being designed, tested and certified to
MIL-STD 810F or equivalent standards for key perform-
ance elements. Those devices usually have wireless com-
munication capabilities.

 Today there is also a trend to use PDAs as mobile de-
vices for specific types of Technical Data and business
processes. For some working environment, COTS laptops
with commercial software can be used. When selecting the
Display Device, one has to measure the benefits and the
drawbacks of COTS solutions.

Accesibility to the Technical Data
The user can access to the information by using CD-ROMs
[Federal Aviation Administration, 2001] in stand-alone or
network mode (wire or wireless networks), or by intranets
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or by internet [Federal Aviation Administration, 1998].
The user also has the possibility of use mixed solutions, for
example for “temporary revisions” of CD-ROM delivered
Technical Manuals he or she can received them by disk,
paper, or updated files in the network. The final solution
has impacts on the response time of the system that will
show the information requested by the user.

Figure 10  Sample of rugged and wireless Tablet PC [URL
Xplore Technologies]

Figure 11. Samples of PDAs like EDDs [Ulf, J. and Thomas, L. ,
2000 and Shook, W. 2001]

 

Figure 12. Laptops in use within the cockpit [AIRBUS SAS 2000].

Figure 13. Combination of on-line and CD-ROM deliveries
[AIRBUS SAS, 2000]

Potential User Interface Categories for Common
Requirements
There are some papers written both in the Defense and
Civil Aerospace community about User-Interaction. From
those papers we could identify User-Interaction items for
which the aerospace community could establish that a
common look-and-feel requirements is desirable [Aero-
space Industries Association and Tri-Service IETM Tech-
nology Working Group, 1999 and Fadereal Aviation Ad-
ministration, 2001] (for each electronic display device?).

Look & Feel:
• Display Format

• Browse Capability

• Screen Resolution & Color Graphics

• Dialogs

• Graphics

• Context Filtering

• Icon Standardization

Interactivity:
• Sound

• Video I/O

• Voice I/O

• Link Behavior

• Navigation

• Information Access (Indices, Electronic TOCs, etc.)

• Control Bars

• Selectable Elements (Hot Spots)

• Warnings, Cautions, Notes

• Search & Lookup

• Session Control (Suspend, Resume, Nested sessions)

• Hardware User Interface (keyboard, touch screen, etc)

• Performance (Response Time by Context)

• Printer Output (output capabilities in general)
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• User Annotations (e.g., comments, user notes, redlines,
bookmarks)

Interfaces:
• Feedback to Originator

• Administrative Information (e.g., effectiveness, authori-
zation, distribution, Validation/Verification)

• Interface to External systems

• Rapid Action Changes (RAC)/Critical Safety interim
Messages

Summary

The evolution of the Technical Manuals shows that the
trend is going towards the improvement of the reusability
of information, its integration into business processes, and
the facilitation of its access wherever needed, including
mobility and remote access.
 To help the transfer of technical knowledge, there is a
trend to introduce in the digital deliverables new informa-
tion formats (videos, animations, sounds). The user per-
ceives and understands that knowledge with less effort.
 With the use of communication technology and the inte-
gration into processes, now the end user can face his task
with the help of an on-line team to support him.
 The standard and regulation bodies are working to match
the present standards and regulations with the technologi-
cal capabilities taken into account the particular character-
istics of the Technical Documentation in the aerospace
world. Up to now, the standards bodies are facing the defi-
nition of the content of information, formats, and struc-
tures. But they do not consider the user interface for digital
use of technical information. One have to remember that
for the output device called PAPER the standard bodies
have given a detailed description of the user interface: the
textual and graphical information layout. This has not been
done so far for the digital media.
 In a point in time the aerospace community may have to
agree in, or to adopt (after customization) common rules
for user interfaces to minimize the risk of wrong use and
misunderstanding of the technical knowledge that has to
perceive the final user.
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