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Abstract
Augmented  Reality,  eller  förstärkt  verklighet  som  det  heter  på  svenska,  är  en

teknologi som funnits i någon form sedan mer än 30 år tillbaka. Förstärkt verklighet

system  bygger  och  lägger  virtuella  objekt  på  vår  syn  av  verkligheten,  antingen

genom video eller  en genomskinlig display.  Trots sin långa historia har det bara

nyligen kunnat börja utvecklas i någon betydande mening, därför att den är starkt

begränsad av processor- och display-teknik. Förutom tekniska begränsningar möter

den också begränsningar i form av användarens kapacitet att bearbeta information

som  ett  system  matar  ut.  Om mängden information  överskrider  kapaciteten  blir

användaren överbelastad, ett tillstånd som kallas för Information Overload, vilket

resulterar i att användaren får svårt att ta in och begripa information. Detta kan

åthjälpas genom att utöva god design av användargränssnittet, som är en viktig del i

alla system. Militären är mycket intresserade i teknologin i hopp om att det ska ge

dem en bättre överblick på slagfältet. Den miljö som råder på ett slagfält kan dock

vara mycket stressande, vilket ökar risken för Information Overload och gör det till

en  större  utmaning att  designa ett  användbart  system.  Denna uppsats  syftar  att

samla  information  om  förstärkt  verklighet,  Informaion  Overload  och

gränssnittsdesign  på  ett  ställe  och  applicera  det  på  ett  militärt  projekt,  för  att

undersöka  vilka  utmaningar  som  uppstår  när  man  designar  för  militärt  bruk,

utifrån traditionella riktlinjer och principer.
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1. Introduction

In modern times, much of the information in the world is presented through some type of

information system (IS) (Castells, 2011).  IS are used in many fields, such as business and

medicine  (Jasperson,  Carter,  Zmud,  2005;  Tung,  Chang,  Chou,  2008).   There  are  many

different  uses  for  information  systems,  such  as  knowledge  management,  database

management  and  decision  support  (Alavi,  Leidner,  2001;  Thuraisingham,  2005;  Power,

2007). The information can be presented as simple 2D-messages on television or computer

screens,  or  even  as  a  fully  3D  experience.  One  technology  that  attempts  to  present

information in a 3D space is Augmented Reality (AR). 

This  technology captures images of  the physical  environment  using cameras and then

constructs virtual objects that it places on top of the image, “adding” it to the environment.

People can see and interact with these objects using display devices such as Google Glass or

the Oculus Rift, two examples of what is referred to as a “head-mounted display”(HMD). AR

can also be displayed with projections, or on traditional display types such as television sets

or computer screens.

However,  there  is  also  a  dark  side  to  information  systems.  There  is  already  a  lot  of

information in our everyday environment, so much that it is hard to keep track sometimes.

The increasing amount of information systems in some cases does not improve this; it can

actually  make  the  problem worse  (Tarafdar,  Tu,  Ragu-Nathan,  Ragu-Nathan,  2011).  The

human brain is capable of much, but it does not have an infinite capacity to process complex

information  (Marois  &  Ivanoff,  2005).  With  so  much information  and  so  many sources

competing for our attention, it  is  easy for us to get overwhelmed,  perhaps resulting in a

feeling many people can relate to where they just need to ”get away from it all”.

This  feeling  of  being  overwhelmed,  swamped  by  information  is  called  Information

Overload (IO), and can affect decision-making ability and make mistakes more likely (Eppler

& Mengis, 2004). IO is a grave concern when designing information systems, especially AR

systems .

AR systems consist of a multitude of ”parts” and most of them can raise the risk of IO for a

user  if  the  system  is  not  designed  carefully  (Jacob,  Girouard,  Hirshfield,  Horn,  Shaer,

Solovey, Zigelbaum, 2008). One of the most important parts to get right is the design of the

User  Interface  (UI),  as  this  is  how  the  user  and  the  system  communicate  information

between each other. If someone who has information you seek would speak gibberish to you,

you would get frustrated and stressed because you cannot understand them. This is how it is

with a poorly designed UI (the gibberish-speaker), and that stress and frustration is the IO.

The  threat  of  IO  is  further  compounded  by  stressful  environments,  such  as  military

operations. The military has a keen interest in the benefits that AR systems can offer, such as

allowing soldiers to keep track of each other, their position and their objectives even when

obscured by terrain or in hectic situations. However, AR systems for military applications

face some unique challenges that applications for civilian use do not, for example higher
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baseline stress  levels  and the chaotic,  unpredictable  nature  of  the  battlefield  making the

design  of  military-specific  AR  systems,  especially  mobile  systems,  much  more  difficult

(Livingston, Rosenblum, Brown, Schimdt, Julier, Baillot, Swan, Ai, Maassel, 2011).

In this paper, I study previous research and materials on the design of AR systems, User

Interface and more specifically, User Interface design for AR systems. Much of the literature

speaks  of  advances  in  augmented  reality  (Azuma,  Baillot,  Behringer,  Feiner,  Julier,

Macintyre, 2001), various interaction techniques (e.g. Thomas & Piekarski, 2002) and areas

of application (such as education) but very little literature seems to discuss AR in military

applications as a major theme, unless they have already built  such a system or prototype

(such as Livingston et al. 2011). Such a lack of literature means that anyone seeking to build a

new system, one that nobody has built before, will need to expend a greater amount of time

and resources on research. 

I will present a project for a new military AR system, for use in land vehicles, as a case in

which I attempt to present guidelines and principles synthesized from my study, which are

applicable for interface design of military-specific AR systems.

I do this to clarify the risk of Information Overload in relation to Augmented Reality and

User  Interface  Design,  in  the  context  of  a  military  work-environment.  Despite  the

importance of these three things to the military, not much literature exists that combines and

discusses the three that is not tied to a specific system. The question I seek to find an answer

to is ”What challenges appear when designing AR systems for the military using traditional

guidelines?” in order to present a guidepost that should be helpful  when considering the

design of an AR system for use in military operations.

2. Methodology

For this paper I have studied literature in the fields of Augmented Reality, Interface Design

and Information Overload. I chose to do a literature study because the case project I have

chosen  to  work  around  is  still  in  the  concept  phase  and  involves  an  implementation  of

technology that has limited or no established standards or design principles. As stated by

Levy and Ellis (2006, p. 183), “knowing the current status of the body of knowledge in the

given  research  field  is  an  essential  first  step  for  any  research  project”.  After  acquiring

material about the core concepts that concern the project owners, I have attempted to apply

what I learned from the material onto the context of the project. In this section, I describe

the process used to acquire the necessary material.

2.1 Literature study
This literature study is meant to create a stepping stone for the advancement of the body of

knowledge regarding AR interface design in a military context. A literature study is meant to

facilitate theory development, close areas where a plethora of research exists and reveal areas

where more research is needed (Webster & Watson, 2002 pp. 13). Literature studies provide

a foundation for other research to build on, gathering and presenting important concepts and

findings of previous research within the field of study, as well as research from other fields,
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in order to strengthen the main field of study (Ibid. 2002). In this literature study I have

conducted a qualitative approach. A qualitative approach in literature studies can be taken in

order to see where existing theory and research is lacking (Creswell, 2013), given the purpose

of my study this is the most fitting approach.

2.2 Choice of Database
To provide the material for this study, I mainly used two online electronic article databases.

The first I used was the Umeå University Library database, which itself accesses several other

databases and publishers such as EBSCOhost and ACM Digital Library. The second database

I used was Google Scholar, a database that covers many disciplines and sources.

I chose to use the University Library database because I am a student at the University,

giving me free access to most of the articles found searching while logged in with my student

user account. Possibly due to my own inexperience with the database, I found it difficult to

combine search-terms and tags and still  get  acceptable  results,  which is  why I  also used

Google Scholar. Scholar seems to be more flexible when searching for supplied terms, as it

returned many more results than when using the library database. I believe this to be due to

insufficient tagging in the library database or perhaps overly specific tagging, leading results

to be omitted when searching for more general terms. Searching for ”Augmented Reality”

returns 23017 results while the same search on Scholar returns over 900000.

2.2 Search terms and narrowing the results
The terms I used when searching for articles were: Information overload, Stress, Augmented

Reality, Military Augmented Reality, Augmented Reality Interface, Challenges of Augmented

Reality,  User Interface, User Interface Design, System Requirements, Design Principles and

as my research progressed, I included more terms such as: Attention, Parallax,  Cognitive

Capacity, Mobile Augmented Reality and Registration Error.

I began by searching for Augmented Reality,  Information Overload and User Interface

separately, in order to better understand these three concepts as groundwork for the rest of

the study. Searching for Augmented Reality returned 918000 results on scholar, Information

Overload returned 700000 and User Interface 3770000. The same searches on the library

database returned 23017, 39800 and 396187 respectively.

These  were  quite  large  numbers,  without  many  relevant  (based  on  reviewing  the

abstracts) results on the first few pages. In order to reduce these numbers down to more

navigable sizes on Scholar, I set the date range to the year 2000. This brought the numbers

down to 323000 (AR), 257000 (IO) and 1520000 (UI). A quick scan through the abstracts

and number of citations of the first-page results for AR and IO gave me some promising

material  which discussed the topics without specifying them toward a particular  context.

These results also provided further search-terms. UI didn't have any first-page results that I

found  relevant  so  I  removed  the  date  limit  and  searched  for  User  Interface  guidelines

instead, which did provide me with more acceptable results.
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Major
Theme/sub-
element

Augmented
Reality

User
Interface

Information
Overload

Military Miscellaneous

With AR -- 5 2 4

With UI 5 -- 1 4

With IO 9 1 -- 4

With Military 4 4 4 --

Total 25 15 13 4 9

Table 1 – Table showing breakdown of total number of articles used and what portion

provided elements of other themes 

2.3 Choice of material
I based my choices of material on relevancy to the keywords, if they were found as the major

theme of the material (for example as part of the title) and I also took note of the number of

times cited. If it was within the first three pages of results, sorted after relevancy, had the

keyword in its  title  and had more than 10 citations,  I  briefly  reviewed the abstract.  If  it

seemed like it could provide me an overview of the topic, I then skimmed through the article

and  determined  its  usefulness  in  answering  my  question.  My  literature  search  was

continuous over the course of my study (Levy & Ellis, 2006), examining referenced works

when new concepts were introduced within the selected literature.

Many of the more recent materials  were too specific towards education,  social  media,

mobile devices (smartphones, tablets etc.) and other such contexts to give a general overview

of the core concepts, which is one of the main reasons I eliminated them from consideration.

Other  reasons  include  not  having access  to  the material  through the University  and the

material being too large to consume and comprehend within the timeframe (many of the UI

design materials were books).

Because my interest was to build a foundation of general knowledge on these topics of

Augmented Reality, User Interface and Information Overload that I could draw on to apply

guidelines and principles to the case project, I did not mind using older material such as the

ones  used  in  the  UI  chapter  of  this  study.   Older  material  can  be  a  valuable  source  of

information, especially when studying previous research (Cronin, Ryan, Coughlan, 2008).

As I found out during my research, the basic elements and requirements of all three topics

have remained relatively unchanged since the late 1960s and 1980s, and I view the number

of citations of these works as proof they are still relevant (Shneiderman's work for example

had over 9000 citations). Multiple sources (e.g. Krevelen & Poelman, 2010; Carmigniani &

Furht, 2011) state that Augmented Reality is a technology that has been ”slow to mature” and

has only recently (within the last decade) begun to pick up speed. Information Overload is a

physiological limitation, something that has been around for a very long time, not something

that popped up only recently (Rosenberg,  2003).  I  searched for more information in the

psychological and medical fields and found that Information Overload has been discussed
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within those fields long before Information Systems came about (Ibid. 2003). On top of this,

current  User  Interface  design  still  refers  to  and  builds  on  the  same  requirements  and

guidelines as they have since the 1980s. Experts such as Shneiderman and Norman described

these guidelines and requirements on such a basic level that their works are still cited today.

2.4 Analyzing and presenting the material
During my search for material I continuously performed a quick two-level analysis in order

to determine their content and relevance to my study. First, I read the abstract to see what

the purpose of  the research was and if  it  seemed like  it  could contribute  to my body of

knowledge, I read the conclusion and skimmed through the article (Cronin, Ryan, Coughlan,

2008). If it was worthy of inclusion I saved it and moved on. During later deep reading I

examined the articles to determine if they would be useful in presenting the concepts of AR,

IO, or UI (Ibid. 2008).

Once I had the material I needed, I began to present the concepts of AR, IO and UI from a

perspective of ”What is it?” and ”How does it affect us?”. For AR, this included the history of

AR, in order to present some of the challenges it has faced during its development, as well as

presenting the type of technology that AR requires, to give some idea of the reason for these

challenges.

For UI, I presented a brief definition along with some design principles proposed by two

leaders in the field of Interface software design, followed by a selection of guidelines, in order

to illustrate its importance in the design of information systems. I also presented a definition

for IO, as well as attempted to present why it  is such a big concern when developing an

information system.

I  then  summarized  the  three  sections  in  order  to  provide  a  short  recap  and  tie  the

concepts together in one place to show their relation more clearly.

2.5 Applying the material
After analyzing the collected literature and presenting the three concepts, I present a military

context in which I attempt to present the value the military finds in Augmented Reality. Also,

I present the danger such technology can pose if not carefully implemented.

After this I present the project I use as a case for the application knowledge gained from

the material I have studied, in order to present items of consideration in the design of AR

systems for use in military land vehicles.

The project involves the development of a system to enhance Situational Awareness for

soldiers operating military vehicles. Sight of the vehicle's surroundings is limited and AR was

identified as a possible way to give a better view to the soldiers.

This  case  was  brought  to  me through a  personal  contact  at  Hägglunds,  the  company

responsible for the project. I was called to the company for a presentation of the project and

to meet part of the team behind it. I met with one of the project managers and a few other

team members. After accepting the case I went through a security clearance and background

check, as well as signed a contract and confidentiality agreement. All the information about

the project that I provide in this paper is information I have been given permission to use.

5



I also had another meeting with the project managers in order to present the case to my

advisor, where we came to the conclusion that due to the ambiguity and absence of research

surrounding the applications of AR in military land vehicles, I should conduct a literature

review  to  provide  material  which  can  be  used  for  such  projects.  A  question  of  finding

candidates for interview was raised, but none present could offer any such candidates and I

was informed that the possible locations to find candidates involved travel I could ill afford. I

asked other contacts for candidates and attempted to contact candidates by e-mail or phone,

receiving little to no response, and no interviews.

2.6 Thoughts on choice of method
Discussion with the project managers and my University-appointed supervisor quickly led to

a literature study being discussed as the most viable choice,  partly because the literature

appears to be lacking in this case and partly because development on the project has not

started  yet.  This  method  has  presented  some challenges  due  to  my  working  alone.  The

biggest issue I've had is needing to produce text while still reading and acquiring material. I

was  hoping  to  conduct  some  interviews  with  military  personnel  to  provide  further

information on what type of information they want displayed by a system, but location and

time-constraints have made this almost impossible.  Furthermore,  I  did not receive much

response when I contacted candidates for interview.

I do believe that an interview would have corroborated much of the information I have

found in my research, and added to its depth. It is my intention that this study should be of

some use to the project  owners of  my case,  as  well  as  any who might find a  need for  a

perspective  on  the  role  of  Information  Overload  and  User  Interface  Design  in  the

development of Augmented Reality systems for use in military land vehicles. 

3. Augmented Reality

Efforts  to  overcome  our  physical  limitations  have  been  made  throughout  history.  The

invention  of  the  airplane  gave  humans  the  ability  to  fly,  despite  not  having  wings.

Submarines and diving gear enable us to explore the oceans, even though we cannot breathe

underwater. Cars let us travel across large distances easily and at little cost. Perhaps most

importantly, computers give us the ability to process more information in a minute than we

could in a week without them, as well as communicate across borders as easily as turning to

someone  standing  next  to  you.  Technological  progress  is  responsible  for  most  of  what

humans are capable of today, and we are always seeking to further that progress.

One ability that has been sought but never been possible is the complete mastery of our

environment. To control the way it appears and how the laws of reality function within it. To

have  power  over  everything  we  see.  While  this  is  quite  unlikely  to  happen  in  reality,

computers do enable us to create an environment of which we are in control. We design the

interface, we program the computer logic and we can shape every aspect of the computer's

digital world as we wish. 

While we cannot bend reality to our whims, using the ability to create virtual worlds with
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computers,  we  can  create  a  lens  through  which  we  can  view  the  world  from  a  virtual

perspective. This lens is called Augmented Reality (AR). AR, sometimes referred to as Mixed

Reality (MR), is a technology based on superimposing virtual constructs onto the real world

(Carmigniani & Furht 2011). Some would define AR as involving the overlay of computer

graphics onto the real world (Silva, Oliveira, Giraldi, 2003), but defining it in this way might

limit what people regard as possible with AR. Sight is not our only sense; we have touch,

hearing, smell and taste, as well as balance. In the future, AR might be able to engage all of

these senses, not just sight (Azuma, Baillot, Berhinger, Feiner, Julier, MacIntyre, 2001; Yu,

Jin, Luo, Lai, Huang, 2010; Carmigniani & Furht, 2011). This could lead to technology that

can supplement a user's missing senses, such as sound-based AR for the blind and AR that

offers visual cues for deaf users (Ibid. 2011).

We are already capable of adding sounds and images to the environment with AR, and are

researching applications of AR based on touch, mostly in various medical fields (Khademi,

Hondori, Lopes, 2012; Rhienmora Gajananan, Haddawy, 2010), called Haptic AR.

AR is commonly implemented through Head-Mounted displays (HMD), but is not limited

to this type of display, and can be implemented through various other types of wearable or

handheld  technology  (Krevelen  & Poelman,  2010).  These  can  include  smartphones,  GPS

devices, bracelets, watches, large screens, car windshields and more (Ibid. 2010).

3.1 History of Augmented Reality
In order to present some of the challenges previously faced in AR technology, I will present

the history of its development. Many of the projects described here were first-attempts at

creating AR systems and showcase the challenges faced quite obviously. Despite AR seeming

like a futuristic technology even today,  the concept first appeared in the 1950s when the

cinematographer Morton Heilig thought cinema was something that should draw the viewer

in  by  engaging  all  the  senses  (Carmigniani  &  Furht,  2011).  He  built  his  first  prototype,

Sensorama, in 1962. The Sensorama was mechanical rather than digital and did not enable

the user to interact with the display, only showing a film with added sound, scent, wind and

vibration effects (Mandal, 2013). 

The first prototype Head Mounted Display (HMD), dubbed ”The Sword of Damocles”, was

created in 1968 by Ivan Sutherland (Sutherland, 1968; Carmigniani & Furht, 2011), using a

see-through  display  to  present  3D-graphics.  This  display  needed  to  be  suspended  by  a

mechanical arm and only had enough processing power to generate wire-frames. In 1975,

Myron  Krueger  invented  VIDEOPLACE,  a  ”conceptual  environment  with  no  existence”

(Mandal. 2013). VIDEOPLACE was a computer system that would coordinate the movement

of  a  graphic  object  with  the  user's  actions.  Cameras  captured  the  users'  silhouettes  and

projected them onto a screen, the silhouettes would then be able to interact with the virtual

objects.

Caudell  and  Mizell  coined  the  term  ”Augmented  Reality”  in  1992  when  describing  a

system to help workers  in manufacturing airplanes  (Caudell  & Mizell,  1992;   Krevelen &

Poelman,  2010).  They also discussed the benefits of AR over Virtual  Reality  (VR),  which
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deals with placing the user in a completely virtual environment rather than combining the

virtual and the real environment. One such benefit is that AR consumes less power since it

does not need to render as many pixels (Caudell & Mizell, 1992). However, there were also

downsides such as stricter requirements for AR, one example being the need for accuracy

when rendering virtual objects against the physical environment.

Soon  after,  prototypes  of  the  first  actual  AR  systems,  Virtual  Fixtures  and  KARMA

appeared. Virtual fixtures, a concept introduced and developed by Louis Rosenberg (1993),

uses augmented sensory information overlaid on a work-space to improve the performance

of the user. The way Rosenberg implemented this was by using an exoskeleton to control two

robot arms, with a binocular display set up so that when using the system the robot arms

appeared where the user's arms ought to be. Virtual objects were then fed to the display to

simulate  obstacles,  paths,  or  other  means  of  guiding  users  through  physical  tasks.  The

purpose of this system was to enhance human performance by reducing the requirements for

completing a task, in terms of mental and physical ability (Rosenberg, 1993).

KARMA,  short  for  Knowledge-based  Augmented  Reality  Maintenance  Assistant,  is  a

system  meant  to  aid  users  in  the  maintenance  and  repair  of  objects,  such  as  printers.

KARMA was created by Steven Feiner, Blair MacIntyre and Dorée Seligmann (1993) using an

HMD and a graphics component called IBIS (Intent-Based Illustration System), a rule-based

system that creates communicative illustrations based on input and set goals. Using these

two technologies, along with some position tracking and transmitter systems, Feiner et al.

(1993)  tested  their  KARMA  system  on  Laser-printer  maintenance.  The  trackers  and

transmitters were placed to track the position of the HMD relative to the printer's paper tray

and lid. The system would then show the user how to replace the toner cartridge by drawing

guides with IBIS.

In 1997, the first widely accepted definition of AR is provided by Ronald Azuma, who

writes that AR is 3D virtual objects integrated into a 3D real environment in real time. He

defines AR as a variation of virtual environments, another name for VR. VR immerses the

user in a virtually constructed environment, cut off from the real world. AR on the other

hand allows the user to see the environment around them, meaning that AR ”supplements

reality, rather than completely replacing it” (Azuma, 1997, p. 356). In order to not limit AR to

specific technologies, Azuma defines AR as any system that combines the real and the virtual,

is interactive in real time and is registered in three dimensions.

In 2000, the first outdoor AR application was presented, called ARQuake, an extension of

the game Quake into a first-person mobile AR system created by Close, Donoghue, Squires,

De Bondi,  Morris and Piekarski (2000). They did this by using an HMD and a wearable

computing system called Tinmith-4. This system allowed applications to sense the position

and orientation of the user's body and head. For ARQuake, the computer created a 3d model

of the Quake game-world based on the physical world. Monsters, weapons and objects were

shown on the  HMD but walls and such were not displayed, allowing the user to see the real-

world walls, ceilings and floors, as the 3d model was only necessary internally for the system.

As this was the first AR application that could move around outside,  they identified a
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number of problems with outdoor AR applications. Perhaps the foremost problem was that

of tracking. At that point, most AR applications used hardware trackers and transmitters in

order  to  ascertain  the  position  of  the  user,  their  field  of  vision  and  the  state  of  the

environment (Ibid. 2000). It is difficult to employ the same techniques outside, we would

need trackers everywhere for that to be possible. 

GPS-technologies  are  not  accurate  enough  to  ensure  flawless  registration  of  the  AR

objects  onto  the  real-world.  To  address  this  issue,  they  used  visual  landmarks  (fiducial

markers,  like QR-codes) to improve the accuracy of the system by allowing it  to use the

landmarks  to extract  a relative  position and orientation,  together with the GPS-data this

allowed the system to correctly align the AR world with the real world (Ibid. 2000). 

Although this did improve the accuracy of their AR system, it was only feasible because

Close et al. (2000) conducted their experiments around their University campus, it would be

too costly to set up markers across large areas,  such as a city. Real-world applications of

mobile AR systems need another way of ensuring accuracy, or such systems would still be

tethered to areas which have the compatible markers.

Since the year 2000 there is an increasing amount of AR systems, or rather AR-capable

systems such as smartphones, iPads and other devices with a combination of camera and

computer  hardware.  Much  of  the  research  is  going  into  medical  applications,  such  as

allowing surgeons an ”internal” view of their patient or an AR system that uses advanced

modeling and sensors placed on the skin to allow a doctor to ”see” through the skin and show

the skeleton (Bichlmeier, Wimme, Heining, Navab, 2007).

From this history we can learn that AR is an ambitious technology, with requirements that

cannot always be met by contemporary technology. The complexity of generating 3d objects,

tracking orientation and capturing the surroundings demanded large components to provide

enough processing power. Tracking of user movement and registration of virtual objects was

and still is inaccurate and requires separate devices such as cameras, increasing the size and

complexity of the system. We also learn that AR has long been a desired technology.

3.2 Technological Requirements
One of the reasons that AR has taken a long time to reach its current level of development is

that  it  has  been  limited  by  the  development  of  its  surrounding  technologies.  When

Sutherland created his HMD the Sword of Damocles, he could not continue its development

because its  power  and processing needs  were already  at  the  limit  of  what  contemporary

technology could provide (McLellan, 1996). The HMD was large and cumbersome, and had

to be attached to a mechanical arm in order for the user to be able to support the weight. The

key  components  required  for  AR  have  been  unchanged  since  that  time,  but  due  to

miniaturization and advancement in computing technology,  it has become much easier to

build systems capable of AR. These components are display technology, tracking technology

and graphics processing technology.

3.2.1 Display Technology
Some type of display is absolutely required by AR systems, however the type of display might
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depend on the purpose and design of the system. Most displays are visual but there are some

aural displays, which are displays that use sound (e.g. headsets). Haptic/touch displays are

becoming  more  common  recently,  especially  in  combination  with  visual  displays  as

smartphones  and  similar  devices  include  both  touchscreens  and  haptic  feedback  with

vibration motors.  Smell-  and taste-based displays  are rare  to the point of  non-existence.

There is little to no research being done into such displays and seemingly very little interest

in them overall. Here I shall only present visual displays, since these are the most researched

and are the type of display most commonly associated with AR (Carmigniani & Furht, 2011;

Krevelen & Poelman, 2010; Azuma et al. 2001).

3.2.2 Visual Displays
There are three basic methods to visually display AR (Milgram & Kishino, 1994). The first is

video see-through, a method where the user is shown a video feed of their surroundings with

an AR overlay. The second is called optical see-through and refers to a transparent display

through which the user can see the real world with their own eyes, with the display only

providing  the  AR  overlay.  The  third  method  is  AR  projection,  where  the  AR  overlay  is

projected out onto real surfaces, making the environment itself the display.

Video See-through Display
This  may  be  the  most  common type  of  display  for  AR today,  perhaps  because  it  is  the

cheapest and most easily accessible technique out of the three (Krevelen & Poelman, 2010).

This type of display can often be found in the form of an HMD or a monitor. AR applications

on smartphones also use video see-through. 

Since the video itself is digital it is easier to alter, add or even remove objects from the

displayed  ”reality”.  The  lighting,  brightness  and  contrast  can  also  potentially  be  more

accurate than the other two methods because with video see-through, these are all able to be

altered.

There are some issues with video see-through such as the resolution being lower than

reality,  limited field-of-view and disorientation caused by parallax,  an effect cause by the

camera being in a different position than the user's own eyes (Ibid. 2010). There may also be

a delay between the user's physical actions and what is shown on the display, this can also

cause disorientation and make taking action difficult for the user (Jinjakam, Odagiri, Dejhan,

Kazuhiko, 2011). Because of this, the video must be streamed with as little delay as possible;

meaning the requirements on graphics-processing is higher, since poor performance in this

area would mean the virtual objects cannot keep up with the displayed image, ending up

misplaced,  jittering  or  omitted  altogether  (Carmigniani  & Furht,  2011).  With HMDs,  the

proximity of the display to the eyes can cause strain and fatigue. In some HMDs the display

can be moved to better accommodate the eyes while others might have adjustable lenses, or

both (Krevelen & Poelman, 2010).

Optical see-through Display
This type of AR display is used on HMDs to allow the user an unobstructed view of their real

surroundings while overlaying AR constructs.  It  functions in a way similar to recent SLT
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(Single-Lens  Translucent)  and  SLR  (Single-Lens  Reflexive)  cameras,  in  that  a  half-

translucent, half-reflexive lens (sometimes referred to as a beam-splitter) is used to allow the

user to see their actual surroundings with their own eyes, while also allowing AR images to

be reflected off the lens into the user's eyes (Silva, Oliveira, Giraldi, 2003).

There are several advantages to this type of display, such as being parallax-free because it

allows the user to see with their own eyes instead of cameras. It also doesn't suffer from low

resolution, and in the event of power failure the user can still see without the need to remove

the HMD, as might be the case with a Video see-through HMD. Cameras or other methods of

input are still required for Optical see-through displays, for registration of virtual objects to

the environment as well as interaction.

This method shares some of the same disadvantages of the SLT and SLR cameras, most

notably the reduction in brightness and contrast of images viewed through the display, real

and virtual alike. Field-of-view (FOV) is limited with this method (think of it as just wearing

a regular pair of glasses), which might mean that there is not enough room to display an

entire virtual construct, leaving some parts invisible until the user adjusts their line of sight.

Occlusion (a closer object obstructing view of an object located behind it, in this case a virtual

construct  blocking a  real-world object)  is  also an issue since  the virtual  images lack  the

opacity  to  block sight of  the real  world (Krevelen & Poelman,  2010).  Using a  clear  LCD

display  capable  of  pixelating  areas  to  be  occluded  can  help  this  problem  (Kiyokawa,

Billinghurst, Campbell, Woods, 2003).

Projective Display
Perhaps the most interesting and versatile  of  the three basic  display  methods,  Projective

display does not require HMDs and can cover large surfaces for a large FOV (Krevelen &

Poelman,  2010).  With  Projective  displays,  pretty  much  any  surface  can  become  an  AR

display,  as  projectors  project  images  directly  onto  real-world  surfaces  (Zhou,  Duh,

Billinghurst,  2008),  The  use  of  projection  displays  makes  the  display  a  part  of  the

environment,  enabling  the  simultaneous  engagement  of  several  users,  allowing  for

collaboration (Carmigniani & Furht, 2011). Cameras are still  required for registration and

interaction  however,  and  conflicting  lighting  requirements  can  cause  issues  with  the

combination of these two technologies (Zhou et al. 2008). These same lighting requirements

mean that this type of display is ill-suited for outdoor applications, as such environments

would be too bright and overpower the projected image.

Tracking Technology
Tracking refers to the devices which allow the AR system to capture the environment and

sense changes to it. This includes cameras, various optical sensors (IR for example), GPS,

radio frequency and many others. The camera is the most common tracking method, often

aided by the use of fiducial  markers such as QR-codes to ensure accurate registration of

virtual  objects  to  their  intended real-world  positions  (Yi-bo,  Shao-Peng,  Zhi-hua,  Qiong,

2008). The accuracy of the tracking method is very important, if it is not accurate then the

AR overlay will not be correctly synced up with the real-world image which can be jarring to

the user and cause issues with interaction. Accurate registration is a necessity in AR systems,
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this is true regardless of the type of system or its purpose (Azuma, 1997).

Processing Technology
Not  only  does  AR  require  advanced  display  and  tracking  technology,  it  has  high

requirements on processing technology as well since it needs to process camera images and

render virtual objects. Early AR systems were large and cumbersome because that was the

type of technology available that could meet AR requirements. These days, smartphones and

tablets have enough power for at least basic AR applications, meaning that AR systems are

becoming smaller and more mobile (Wagner, Schmalstieg, 2003).

3.2.3 Input Devices
Input devices for AR systems exist in various forms. AR applications on smartphones might

use the touchscreen, or the on-board gyroscope when specific orientation of the phone is to

be used as input. The type of input device chosen depends on the purpose of the application

and possibly the display type as well. Projective displays might use the standard mouse and

keyboard, while such devices would be less suited to HMD Optical see-through type displays

(Carmigniani & Furht, 2011). 

Which input device is used influences and is also influenced by the design of the User

Interface, of which the input device is an integral part. Interface Design is a key component

in the success of any system, not just AR systems.

3.3 Key points
Key points from this chapter:

 Definition of AR – any interactive system that combines the virtual with the real in a 
3D space.

 AR has high technological demands that limit its progress.
 Display methods are numerous, but only cameras have been used to capture the 

environment.
 Displays can either replace or supplement the user's view of the environment.
 Placement of camera relative to user's eyes can cause parallax effect and 

disorientation in user.
 Displays near eyes (HMD) can cause eye-strain and fatigue.

4. User Interface

People are not able to tell computers what they should do and how, not like they can tell an

employee.  We  cannot  simply  show  them  what  we  want  them  to  do.  Machines  do  not

communicate the same way humans do; they communicate using binary signals that many

people do not understand. Humans and computers are generally incapable of understanding

each other without translation. This ”translator” is the User Interface, or UI for short. A UI

can come in a variety of forms, one example is a controller for a game-console, another is the

T.V. said console is connected to. These are a way for the user to input information to the

console and for the console to output information to the user. There are tangible (physical,

hardware) UIs, such as the controller mentioned previously, and there are intangible UIs as

well. Some examples of intangible UIs include are voice control and gaze tracking (Bilmes,

12



Li,  Malkin,  Kilanski,  Wright,  Kirchhoff,  Subramanya,  Harada,  Landay,  Dowden,  Chizeck,

2005; Morimoto & Mimica, 2005).

That  which  is  most  commonly  referred  to  as  the  user  interface  in  computers  is  the

graphical  user  interface  (GUI),  as  it  has  become  the  standard  for  Human-computer

interaction (HCI) (Hiroshi, 2008). The GUI translates the binary signals of the computer

into graphical representation, in the form of pixels on a display, often referred to as a screen

or monitor. By using the physical interface, our input can alter that which is displayed to us.

GUIs are highly customizable software and a developer can shape it in nearly any way they

see fit.  Information  need not  be  displayed  in  the same way;  indeed even the method of

navigating can vary greatly between applications. Where one might have drop-down boxes

for menu selections, another may instead have a scrollable side-frame. AR systems are also

computer systems and have the same requirements regarding UI. The method of interaction

can vary based on the input device used with the AR system but overall the requirements are

the same, with added emphasis on accuracy, effectiveness and interplay between the physical

and digital interface (Poupyrev, Billinghurst, Regenbrecht, Tesutani, 2002).

4.1 Interface Design according to Shneiderman and Norman
While the design of a GUI or indeed, the design of any UI follows the whims of the developer,

there are some basic guidelines they should consider in order to create optimally functional

UI  software  (Smith  &  Mosier,  1986).  Two  big  names  in  User  Interface  Design  are  Ben

Shneiderman  and  Donald  Norman.  They  have  both  proposed  their  respective  design

principles for facilitating good interface design. Shneiderman's (1986) eight rules of interface

design and Norman's  (as summarized by Preece,  Rogers,  Sharp, 2002) six principles  are

quite similar to each other and also to the guidelines listed by Smith and Mosier.

Shneiderman's  eight  rules  are  as  follows:  The  first  rule  is  to  strive  for  consistency.

Consistent sequences of action should be required in similar situations, wording should also

be consistent across prompts, menus, and help screens. Consistent commands should also be

used throughout the system. The second rule is to enable frequent users to use shortcuts.

Advanced users  that  use the system frequently  will  want to reduce the steps required to

produce  results  using  the  system.  Shortcuts  offered  could  be  function  keys,  hidden

commands or macros to automate certain  interactions.  Rule three is  to offer  informative

feedback. There should be feedback for every action by the user, if  there is  an error this

feedback should inform the user of what went wrong and, if possible, why. Rule number four

is to design dialogue to yield closure. There should be a clearly identifiable beginning, middle

and end to a sequence of actions. The feedback at the completion of a sequence should signal

to  the user that  the task has been accomplished and that  they can move on to the next

sequence.

The fifth rule is to offer simple error handling. The system should be designed in such a

way that it is difficult for a user to make a serious error, but if an error is made then simple,

comprehensible methods of handling the error should be offered.  Sixth is  to permit  easy

reversal of actions. This enables users to experiment and explore unfamiliar options. 
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The seventh rule is to support internal locus of control. Advanced users desire to feel in

charge  of  the  system  and  that  it  responds  to  their  actions.  The  system  should  then  be

designed to make the user the initiator and not a responder. Finally,  the eighth rule is to

reduce short-term memory load.  The limits  of the user's  information processing capacity

must  be  considered  in  the  design  of  the  interface,  to  reduce  the  chance  of  information

overload.

Norman's design principles are summarized under six terms by Preece, Rogers and Sharp

(2002). The first is Visibility. This refers to that the higher the visibility of the functions, the

more likely it is that users will know what to do next. If the functions are less visible, users

might get lost. Second is feedback, which they state is about sending information back about

what  action  has  been  done  and  what  was  accomplished.  Third,  Constraints  refers  to

restricting the kind of interaction that can take place in a given situation. The fourth term is

Mapping, which is about the relationship between controls and their effects. An example of

mapping is the use of the up and down arrows on a keyboard to page up and down on a

display. Consistency is the fifth principle, referring to the design of interfaces to have similar

operations and elements for achieving similar tasks. An example of consistency would be the

use of  a  left  mouse click always  being to select  objects  on the display.  The final  term is

Affordance, which refers to an attribute of an object that indicates how it should be used.

Buttons invite pressing, switches invite toggling, and so on.

These two sets of principles share many aspects, such as consistency and feedback, and

many of the guidelines listed by Smith and Mosier (1986) will be familiar after having read

Shneiderman  and  Norman's  respective  design  principles.  Smith  and  Mosier  wrote  their

compilation for the MITRE Corporation, sponsored by the U.S. Air Force. It provides an in-

depth  look  at  what  is  required  for  a  functional  interface.  Granted,  it  is  aimed  towards

developing  interface  software,  but  the  same requirements  are  also  informative  regarding

what type of hardware might be required. For example, if data entry is a requirement, then

input is required. But how will that input be entered? If data needs to be displayed, how can

it  be  shown to  the user?  Both  requirements  are  meant  for  software,  but  have hardware

implications.

The guidelines listed by Smith and Mosier do not change much, despite being written

almost 30 years ago. This is because they are based on the general requirements placed on

interface  software  to  ensure that  it  is  effective  and easy  to  use,  rather  than any  specific

technology  or  method  of  implementation.  This  means  they  are  still  relevant  today  and

therefore I chose to include them in this paper.

4.2 Interface Design & Guidelines According to Smith & Mosier
Smith and Mosier compiled and expanded upon previous publications and made a report

listing guidelines under six functional areas of User Interface Software. These six areas are

Data Entry, Data Display, Sequence Control, User Guidance, Data Transmission and Data

Protection.  These  guidelines  may  be  viewed  as  ”common  sense”  by  most  competent

developers today, but they are not always implemented correctly, and are sometimes ignored
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or forgotten.  The guidelines,  being as  basic as they are,  are  applicable  in many different

projects  and  are  generally  the  same  across  disciplines.  Some  of  these  guidelines  were

developed  from  military  standards,  and  most  are  useful  when  designing  for  military

applications as well. While the guidelines are the same, this does  require extra consideration

with regards to the environment such an application might be aimed at.

4.2.1 Data Entry
Data  Entry,  as  the  name  suggests,  covers  guidelines  regarding  the  input  of  data.  This

includes  where the user  can input  information  and the manner  in  which they do  it.  An

example of a guideline that falls under this category is that Cancel Actions should be explicit,

rather  than a  side effect  of  another  action.  The erasure  of  unfinished data entries  when

detouring  to  a  HELP  display  is  an  accompanying  example  of  failure  to  adhere  to  this

guideline. For the military, Data Entry is an important function and done wrong it can have

devastating consequences. Erased data or incorrect input could waste resources or incur loss

of life, for example entering the wrong co-ordinates might mean an artillery strike misses its

target, or worse, strikes a civilian target.

4.2.2 Data Display
Similarly,  Data  Display  refers  to  the  method  of  outputting  data  to  the  user  and  the

assimilation of information from these outputs. This chapter contains several guidelines of

great importance, considering that ineffective display of information can be a key contributor

to  Information  Overload.  The  first  two  are  perhaps  the  most  important:  the  display  of

necessary data,  and the display of only necessary data.  While they are worded nearly the

same, the first principle is that any data that the user would need for any action is available,

and the second is that the data should match and not exceed the user's needs, leaving out any

unnecessary information. Furthermore, the user should not be required to translate the data

into usable information, this should be done automatically by the system. An example of this

would be an error message referring to a code library for which the user has neither access,

nor understanding. 

Instead the message should be understandable to anyone using the system, along with

options for advanced users to locate the issue. The user should also be able to control the

amount and the manner in which information is displayed to them. The average user often

will not have need of more complex functions within a system, and would be better served by

a simple and intuitive display.  Advanced users however will  often have the expertise and

desire to exert a greater amount of control over the system. Placing more control of the data

display in the hands of the user increases the learning curve with regards to the system. The

more complex the level of control, the longer it will take a new user to learn how to navigate

the system.

Although control must be afforded to the user, there are parts of the system that must be

protected.  Smith  and  Mosier  recommend  that  compliance  with  instruction  never  be

assumed, given too much control a user might damage the system; by mistake, for curiosity

or  with  malicious  intent.  Despite  these  risks,  users  should  be  able  to  make  changes  as

required by a task.
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Another guideline states that each data display should provide the needed context for the

information communicates so that the user need not rely on their own memory to interpret

it. If they must remember the data themselves the display should be kept to four to six items

(this seems in line with Miller's (1956) study in which he states, on average, humans can hold

around  seven  items  in  working  memory).  The  wording  of  the  display  should  also  be

consistent and familiar to the user. Technical Jargon should be reserved for developers and

programmers, most users will have little understanding of terms used by these professionals.

Wording should be simple, concise and distinct. The less a user has to think about what a

display is saying, the quicker they can assimilate the information. 

Data should be grouped by importance, such that significant information or that which

requires  immediate  user  response  should  be  placed  where  it  is  hard  to  miss.  Similarly,

critical  data  should  be  highlighted  to  further  emphasize  its  importance.  The  method  of

highlighting can vary, such as making a message brighter, or surrounding it in asterisks, both

common  methods  to  make  a  message  more  prominent.  Whatever  method  is  applied,  it

should be consistent across displays.

Displaying data graphically is preferable to textual display when the details of text are not

needed, such as occasions where only a general  overview is required. For example,  when

presenting  quarterly financial trends, a graph is more useful than paragraphs explaining

every  turn  of  the  market.  Annotations  on  particularly  interesting  points  of  information

should always be available however, as well as access to that detailed textual data for those

that have need of it.

Displaying geographical data with maps is something of particular interest to the military

(Harley,  2009),  since  knowledge  of  the  terrain  is  important  for  building  a  strategy  and

tactics,  and  is  also  something  that  requires  consideration  when  designing  an  interface

(Andrienko & Andrienko, 1999). 

If several different maps are to be displayed, the orientation must be consistent so that the

edge of each map represents the same directions. Maps of large areas will have distortions of

apparent distances, the method of display should minimize the effects of that distortion and

the system should offer aid for judgments of distance; the traditional scale measure is one

example,  though depending on the system this aid can be much more sophisticated.  The

possibility to label and highlight areas and features of the map, automatically and manually,

should also be available. If the user is panning through a larger map, an overview of their

position in the overall display might be beneficial in order for the user not to lose sight of the

larger  context.  Aid  in  analyzing  complex  mapped  data  ought  to  be  offered  as  well,  for

example  topographical  analysis  to  indicate  line  of  sight.  Non-geographic  data  such  as

population and weather might also be of  interest,  and can be displayed with symbols  or

graphs.

While  maps are useful  for displaying relatively  stable data,  on their  own they are not

adequate for monitoring situations in real-time. If necessary, event data should accompany

the map display in some form, in military applications this might be vector lines indicating

troop movement or an event log detailing events as they are reported.
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Moving on, the format of displayed data needs to be consistent with accepted usage and

existing user habits (Foley & Van Dam, 1982; Stewart, 1980; as cited by Smith & Mosier,

1986).  This  is  to  establish  and  preserve  user  orientation.  Examples  would  be  that  one

location on the display is consistently reserved for output and another for input, yet another

for instructions, and so on. Display Elements should also be distinct from each other.  In

terms of a graphical interface, separate objects of information should be clearly indicated, so

that they cannot be interpreted to be connected when they are not. An element displaying

altitude should not also display speed. 

If the amount of data that needs to be displayed is too large it must be partitioned, into

separate pages for example.  Control  procedures should be made available for the user to

navigate between these. Related to grouping of data by importance, it should also be grouped

by  sequence  and  function.  If,  for  example,  the  displayed  data  is  part  of  a  sequence  of

instructions, data related to that sequence should be grouped with it. Likewise, if it is data

related to a particular function, it should be grouped together.

More guidelines under Data Display refer to Display Control, the methods available to a

user for specifying how and what data they are shown. Despite the risk mentioned earlier of

users damaging the system, inadvertently or otherwise, it is necessary to offer them control

of the system. If the developer cannot foresee every information requirement a user might

have, the user must be allowed to alter the display configuration to suit their needs. Data

selection, data coverage, data updating and suppression are all areas that a user might need

to control.

Selection refers to how users can specify specific outputs. For example users should be

able to label and categorize data so that they can navigate them as they wish. Coverage is

related  to  the  method  in  which  users  can  navigate  data,  for  instance  through  scrolling,

panning and zooming. An example here could be altering the sensitivity of such controls,

increasing or decreasing the responsiveness of the scrolling or panning.

4.2.3 Sequence Control
Sequence  Control  is  another  area  of  function  that  refers  to  actions  by  the  user  and  the

computer that creates or ends events within the system. The objectives of good design in this

area include consistency of control actions, less need for control actions, less memory load on

the user and flexibility to adapt to the user's need.

Smith and Mosier (1986) state that the importance of good design for controlling user

interaction  with  a  computer  system  has  been  emphasized  by  Brown,  Brown,  Burkleo,

Mangelsdorf,  Olsen  and Perkins  (1983,  page  4-1):  User  Satisfaction  and acceptance  of  a

system is largely determined by the feeling of control that a user has during interaction. If the

user cannot control the direction and pace of the interaction sequence, they may begin to feel

frustrated, intimidated or threatened. Productivity may decline or the user might avoid the

system entirely.

Complete  sequence  control  is  not  always  possible,  as  some  stages  of  an  interaction

sequence may be passive,  for  example waiting for a software installation to complete,  or
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limited by some other means, such as having to wait for confirmation from superiors before

action can be taken. The selection of the method in which user control is implemented is an

important  decision.  Different  methods  are  appropriate  for  different  jobs  and  users,

identifying the correct methods will help ensure an effective design of the system.

Two examples are Question-and-answer and Form-filling. Question-and-answer dialogues

are useful in data entry tasks, it provides explicit prompting for unskilled users. Form-filling

is less structured and more flexible, but could require user training. Other examples include

Menu selection,  Function Keys,  Command Language,  Query Language,  Natural  Language

and Graphic Interaction.

Regardless of the methods chosen, context, consistency and flexibility are important for

sequence control.  The system should  be simple  to  understand and use,  placing  minimal

requirements on user training and memory load. A common mistake in interface design is

providing smart shortcuts instead of consistent control procedures. The objective is to help

users by shortening a command or making control more efficient for a knowledgeable user

with perfect memory, but in reality users need consistent design to limit what they need to

learn and remember to use the system.

4.2.4 User Guidance
User Guidance refers to system messages, labels and instructional material such as HELP

menus. As the term suggests, User Guidance is meant to help guide the user's interaction

with the system, make it efficient with less memory load and lower training requirements. It

should be seen as an integral part of the interface and contributes greatly to user efficiency.

Feedback is one aspect of User Guidance and serves to keep the user informed of where

they are, what they have done and if it was successful. It is a way for the system to let the user

know that their actions are having an effect, as well as showing that the computer is working

on their input. Without feedback, a computer would be frustrating to use as a user might

have no idea whether the system is still functioning after they enter their input, since there

would be no indication that the system is processing said input. User Guidance is pervasive

in the interface, good design in the other functional areas serves as a type of User Guidance

as well. 

Consistency is one design aspect that is recommended in all areas, and has an inherent

form of  guidance.  When the design is  consistent,  separate  areas  of  the interface become

familiar and easy to use. With regards to Data Entry and Data Display, consistent design

would mean a user can recognize what to do even if they are seeing a particular page ”for the

first time”. 

Despite  the  inherent  guidance  of  consistent  interface  design,  explicit  instructions  or

prompts  may  be  desirable.  Displaying  these  in  a  way  that  does  not  obstruct  the  overall

interface will aid new users without hindering the more advanced users. 

Guidelines under User Guidance are similar to and often reiterations of guidelines under

the other functional areas.  These are guidelines such as requiring explicit  user actions to

specify data processing, that the system should not, in most cases, take actions beyond what
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the user has specified. Another guideline found under User Guidance that is found under

other  areas  is  that  only  necessary  information  should  be  displayed.  User  Guidance  data

should  have  a  distinctive  format  to  separate  it  from regular  displayed  data.  The  format

should also be consistent between displays, so that the user is always aware when they are

viewing Guidance data.

Status  Information  should  also  be  provided  at  all  times  either  automatically  or  as

requested by the user. An example of this could be indications whether or not the system is

connected to the internet, if the terminal is disabled or what mode it might be in (perhaps it

is read-only and cannot alter data, only display it). As mentioned earlier, feedback should

consistently  be  provided  for  every  input  by  a  user.  Text  the  user  enters  should  appear

immediately on-screen, invalid input should result in an immediate error message rather

than  a  delayed  message,  or  worse,  no  reaction  at  all.  Absence  of  a  response  is  just  as

frustrating when using a computer as it is when talking to other human beings. Without

feedback a user might assume the system has stopped responding or is otherwise unable to

continue and might terminate the current task. 

Operational modes should also be clearly indicated to prevent unintended consequences,

for example if the system is in a delete/edit mode and the user is viewing sensitive data. This

is  especially  important  in  cases  where  data  recovery  (an  ”undo”  feature  for  example)  is

difficult to implement or otherwise impossible. Good User Guidance is an important aspect

of User Interface Design and can result in faster and more effective use of a system and

enable novice users to perform beyond the limits of their experience (Magers, 1983).

4.2.5 Data Transmission
Data  Transmission,  the  fifth  area  of  function,  refers  to  computer-mediated  user-user

communication,  as  well  as  (user-)system-system  communication.  Data  transmitted  via

computers might be words, pictures, numbers or any combination thereof. This might be the

sharing of files between users, a message indicating that files are being copied to/from the

system, or linking two displays (remote desktops for example) so that input on one is shown

on the other. The most common user-user communication is through messages, for example

e-mail or an instant messenger (chat) client. 

Effective communication in systems where information handling requires coordination

between users,  such as  in Computer-supported Collaborative Work (CSCW),  is  of critical

importance.  Computer-based message handling might improve communication efficiency,

but only if properly designed.

Much data transmission between systems is automatic in order to be more efficient, as

involving the user would add extra steps to the process, which would then take longer to

complete. When there is no need to involve the user in the data transmission processes then

it  is  not  necessary  to  design  any  particular  functions  to  facilitate  interaction  with  those

processes.  Only  when  the  users  are  involved  in  data  transmission  will  interface  design

guidelines be needed.

Data transmission can add another layer of complexity to interaction with the system. The

user must then not only keep track of interactions with the system but also data-exchange
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with other people. They need extra information to control data transmission, such as status

information  of  other  systems  (e-mail  servers  or  other  computers  on  the  network  for

example),  to  show whether  they are  online,  offline  or  if  they are  even connected to that

network.

Users need feedback when sending and receiving data, they may also need the computer

to provide assistance in composing, storing and retrieving messages, as well as when actually

transmitting data. They may also want to rename, forward or sort messages together with

other, related ones. There must be functions designed to fulfill these needs.

Consistent  Procedures,  Minimal  Memory  Load  on  User,  Minimal  User  Actions  and

requiring Explicit  User Action all  reappear from earlier  areas as general guidelines under

Data Transmission. To recap, these are meant to ensure that procedures for this course of

interaction are familiar and natural to follow throughout a sequence, as well as to keep the

load on the user's memory as low as possible, require the smallest possible amount of steps

to complete a sequence and require explicit confirmation from the user before performing

actions  that  can  have  unintended  consequences  (such  as  requiring  confirmation  before

sending a message, so that it is not sent accidentally while it is incomplete).

Another general guideline here is Functional Integration, which is meant to ensure that

transmission functions are properly integrated with other information handling functions.

The  user  should  be  able  to  transmit  data  within  the  same  system  and  using  the  same

procedures for general entry, data editing and data display. For example, if data is entered

using a keyboard, the user should be able to use the keyboard to create messages to transmit.

Likewise  for  any  other  method  of  input  that  the  system  uses,  such  as  dictation  if  a

microphone  is  available.  The  user  should  also  not  need  to  leave  the  general  processing

system to enter some other system for data transmission.  If  general  processing and data

transmission are implemented separately, the transition between each should be seamless.

As much as possible, users should decide what, when and where data should be transmitted,

though sometimes transmission must be event-driven  such as when an error occurs that

forces a system offline.  Being able to leave an incomplete message and return to it  later,

without loss of data, should also be allowed.

Preparing messages for transmission involves other guidelines with regards to the ability

to specify content, format and header of the message. The procedures for creating a message

should be compatible with data entry procedures, for example making a text-based message

might be like using a word-processor, which has the bonus of allowing a user to take text

written in the word-processing program and copying it over to the message.

Users should also be able to create their own message formats, since format requirements

are not always the same and the designer could not possibly predict them all. Unformatted

text transmissions might also be allowed, to fulfill  quick,  informal communication needs.

Automatic formatting may also be useful when a message must have a specific format, so the

user need not keep track of the formatting themselves.

There should also be pre-made standards for addressing messages, as well  as allowing

users to enter their own standards for quick-selection when frequently transmitting to the
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same destination. The system should automatically  check an address to confirm that it is

accurate  (e.g.  xyz@mail.com,  not  xyz@@mail,com),  if  it  is  not  then  the  user  should  be

prompted to correct any mistakes. If the message is sent despite errors in the address, the

user should be notified that the message probably did not reach its destination.

Transmission should be initiated by the user, using explicit commands such as ”Send”.

Where message review might be critical, there should also be a confirmation prompt so that

the user is certain of the content before actually sending the message. This way potential

misinformation  or  other  undesirable  consequences  of  a  sent  message  can  be minimized.

Feedback  for  successful  as  well  as  unsuccessful  transmissions  should  be  provided,  with

unsuccessful transmissions being saved to re-send later. Data Transmission is an important

function and reliability should be ensured.

4.2.6 Data Protection
The final area listed by Smith and Mosier is Data Protection. This area aims to keep data

secure from unauthorized access, system failure and malicious intent. Computers of various

kinds are ever more prevalent in today's society, and the data handled and communicated

between these systems has all sorts of different value (Vertesi & Dourish, 2011). This raises

even greater need for Data Protection, which can potentially be provided from the design of

the other five areas, entry, display,  control, guidance and transmission though sometimes

data protection must be explicitly designed for.

There are two main problems to be addressed under Data Protection, one is data security,

which is about protecting data from prying eyes and sabotage.  These days, as the role of

computer  systems keeps growing,  as  more data is  transmitted back and forth across  the

internet, as the world becomes more ”on-line”, so too does the risk of cyber-crimes increase

(Aggarwal, Arora, Neha, Poonam, 2014). The second problem is error prevention. Data can

be lost or destroyed when authorized users make mistakes, and so there must be measures to

protect data even from those who are authorized to work with it.

Common measures of data security would be things like passwords, key-cards or special

identification numbers. Assigning varying levels of access based on an individual's position

in the hierarchy of their organization. In a way, these might be considered a passive type of

security, which functions rather independently after being implemented. They do not require

constant  monitoring  and can  be  set  up  to  automatically  trigger  alarms  when suspicious

activity  takes  place.  Another  passive  method  to  consider  is  encryption,  rendering  data

unusable  for  anyone  but  the  owner,  or  those  proficient  enough  to  break  through  the

encryption. More active defense might be such things as system administrators monitoring

network and firewall activity, screening for unauthorized access.

Other methods must be employed to protect against data loss caused by users' mistakes.

By making controls and displays as consistent as possible, facilitating ease of use, the risk of

such mistakes occurring is slightly lowered, but still present. Inexperienced users could still

cause data loss and damage to the system. The most obvious method of working against this

is to always keep users informed when an action may cause harm to the system, as well as

requiring  explicit,  distinctive  confirmation  before  carrying  out  such  actions.  Requiring
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specific rights and activation sequences for modes of interaction in which data loss could

occur is another way, preventing novice users from causing problems by giving these rights

only to those who are qualified.

Providing  a  safe  environment  for  making  changes  might  also  be  necessary,  even  for

experienced users who are also capable of making mistakes. This might be done through

implementing UNDO features, where the changed data is kept in a buffer, in case the user

makes a mistake or changes their mind and wishes to restore the original  data.  A virtual

environment where changes are not final until they are explicitly saved and exported could

be an alternative.  Backups should also be made regularly, perhaps as scheduled by the user

or system administrators.

Data Protection is a feature of ever greater importance as our society's production of data

and  our  dependency  on  it  grows.  With  things  such  as  power  grids  and  air-traffic  being

vulnerable to attack and system error, lives may depend on it.

Good interface design is important, not just for the interface to be usable and effective but

also for the health and productivity of the user. A poorly designed system with a terrible

interface would only stress the user and invite Information Overload.

4.3 Key Points
Key points of this chapter are:

 User interface is required enable interaction with machines.
 User interface refers to both hardware and software.
 User interface is a dialogue of input-output between the user and the system.
 A good user interface must be consistent, easy to use and place minimal mental load 

on the user.
 There are six areas of function in the user interface: Data Entry, Data Display, User 

Guidance, Sequence Control, Data Transmission and Data Protection.

5. Information Overload

Stress induced by reception of more information than is necessary to make a decision (or

that can be understood and digested in the time available) and by attempts to deal with it

with outdated time management practices. 

 BusinessDictionary.com

The wording used in defining the term Information Overload(IO) can vary depending on the

source (Business, Management Science, Marketing, Psychology etc.), but the core concept is

always fundamentally the same. Information Overload is normally described as the feeling of

being stressed or overwhelmed by receiving too much information (Eppler & Mengis, 2004),

possibly resulting in poor decision-making skills and reduced efficiency. 

What  research  has  shown  is  that  decision  quality  improves  with  the  amount  of

information provided,  up until  a  certain  point where more information causes quality to

degrade (Chewning & Harrell, 1990). This information doesn't all have to be directly related

to a specific task the individual is performing, distractions and unrelated information can
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also  cause  us  trouble  when  making  decisions.  Confusion  and  a  diminished  capacity  to

prioritize,  as  well  as  difficulty  with  memory  are  all  possible  symptoms  of  Information

Overload (Ibid. 2004).

Marketing researchers would define IO as occurring when the supply of information is

greater than the processing capacity of the individual.  Based on the findings of Galbraith

(1974)  and  Tushman  and  Nadler  (1978),  Eppler  and  Mengis  (2004)  attempt  to  explain

information overload using the formula: information processing requirements > information

processing capacities. They continue on to define the terms ”requirements” and ”capacities”

as  measures of  time.  The requirements being based on the amount of  information to be

processed in a certain amount of time, and the capacity being the amount an individual is

able  to  process  in  that  time.  If  the  capacity  doesn't  match  the  requirement,  then  the

individual will suffer Information Overload.

There  are  vast  amounts  of  information all  around us that  could overwhelm us at  any

moment. These are not simply sounds, images or sensations of touch- the basic senses that

are responsible for these are handled by our nervous systems, they have had millennia to

develop  and are  able  to  handle  a large  amount  of  input  and are  not  easy  to  overwhelm

(Ingebritsen, 2015). 

While sensory information can contribute to IO, just seeing, hearing or feeling something

wouldn't be able to overload the brain on its own. However, when information is taken from

the environment and processed into something like speech or ideas, they require more than

just our physical senses to comprehend. To interpret and  understand these things require

thought, and this is where we are vulnerable to Information Overload. Thinking isn't always

automatic like our senses. It involves delicate processes that can be disrupted in the presence

of distractions. 

Humans have a limited cognitive capacity, our ability to process information is not infinite

(Miller,  1956).  This  limit  can vary depending on a  variety  of  circumstances,  such as  the

individual, the situation and what the type of information is. One way the brain tries to deal

with this is  by filtering out information from the environment that it  deems unnecessary

(Posner & Petersen, 1989). These filters are mostly out of our control, influenced by factors

such as our disposition, our values and the situation. 

One of the greatest culprits in causing Information Overload is Information Technology.

Computers these days are so fast and can output so much information that, at times, we have

difficulty keeping up. The amount of devices in our everyday lives is also increasing, leaving

more and more information-sources competing for our attention, our environment fraught

with  distractions.  These  distractions  can interrupt  our  thoughts  when we are  processing

information- such as when performing a task. Repeated interruptions increase the likelihood

of  overload  and may also exacerbate  symptoms such as  confusion and inability  to  make

decisions when returning to the task (Speier, Valacich,  Vessey, 1999).  An example of this

would be, say, that an individual is distracted from their task by a text message, drawing

them into a conversation and once they return to their task- they have forgotten what they

were doing. ”Where was I?” they might say. As cases of IO go, this might be considered very
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mild  IO  as  it  shouldn't  take  too  long  to  pick  up  the  thread.  However,  someone  who  is

repeatedly distracted from their task would begin to feel stressed and perhaps agitated since

there is an increasing amount of information demanding to be processed without an increase

in the capability to process it.

Social media, smartphones, digital posters, computers, all of our knickknacks and gadgets,

and perhaps the biggest contributor of all: the internet (Almarri & Juric, 2014). They are all

things that can distract us, feed us with so much information that we just can't take any

more. Almarri and Juric (2014) argue that IO cannot be defeated, and we should instead

learn how to live with it. It's just a part of life. Since IO is an inherent risk of information

technology, this creates challenges in the  designing of information systems, in regards to

reducing the potential for overloading the user. 

IO isn't new to this digital age however and there are ways to deal with it on a personal

level  (Dean  &  Webb,  2011).  The  first  remedy  would  be  removing  the  sources  of  the

distractions for a period of time and focus on the task at hand.  Another method would be

filtering out potential distractions, for example: if you receive an email, it may be interesting

but if it isn't of critical importance, then ignore it until later. A third way, similar to the first,

would be simply removing oneself from the environment with the distractions. This could be

accomplished for example by performing an activity such as meditation or yoga, or perhaps

going fishing. These all offer time for reflection or relaxation, or both. Either way, the point is

to give time to work through any backlog of information an individual  might have (Ibid.

2011).

However, there are situations where individuals may not have the opportunity to engage

in  these  countermeasures  against  IO,  high-stress  environments  that  require  immediate

action.  One such environment could be a military  combat situation where the symptoms

associated  with  IO,  such  as  confusion  and  indecision,  could  potentially  result  in  death.

Obviously,  in such situations the stress level  is  already high even without suffering from

information overload, given that the individual's life is threatened. It stands to reason that

this would make it easier to become overloaded.

One way that military organizations across the world seek to make information processing

easier for their soldiers is the implementation of computers and various information systems

to aid them (Julier, Baillot, Lanzagorta, Brown, Rosenblum, 2000; Amorim, Cuperschmid,

Gustavsson,  Pozzer,  2013).  Given  the  risks  of  incurring  IO  and  its  potentially  fatal

consequences some requirements are placed on the design of such systems, particularly the

user interface.

5.1 Key Points
 Information Overload is  a state of mental  stress  and disorientation that  can have

effects such as poor decision-making and fatigue.
 Information Overload can be caused when a user is presented with more information 

than they are capable of processing.
 Task interruptions and splitting attention can increase likelihood of information 

overload.
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 Higher stress increases vulnerability to information overload.
 Information Technology is largely responsible for information overload in modern 

times.
 Military personnel are at higher risk for information overload, with potentially fatal 

consequences.

6. Conceptual Framework

Augmented Reality, User Interface and Information Overload. Each of these three concepts

are affected by the other, for better or for worse. AR systems, like any computer system, are

meant  to  provide  information  for  the  user  that  might  be  beyond  their  capabilities  or

otherwise unavailable to them; It provides more information than the user can see in the

environment with their own eyes, regardless of how much information was already there.

Imagine  using  an  AR HMD that  showed  the Facebook  profiles  of  people  you see,  while

standing  in  Times  Square,  New  York.  There  are  already  so  many  billboards  and

advertisements trying to get your attention and there is so much traffic, and then your AR

system bombards  you with Facebook  profiles.  Such systems can easily  overload  a  user's

capacity  to  process  the  information,  especially  if  the  interface  is  poorly  designed  and

ineffective.

AR processes the user's surroundings in order to create objects in a virtual environment to

lay on top of the user's view of the world around them. This places high demands not only on

the hardware used to build  the system but the interface as  well.  Returning to the Times

Square  example,  perhaps  the  system  could  display  a  non-intrusive  notification  that  a

Facebook profile is available for viewing. The notification can be opened or ignored, placing

less of a load on the user. 

Technically, all that is needed for an AR system is a camera (and perhaps another method

of tracking e.g. GPS), processing hardware and a display. However, the system's processing

requirements increase in relation to the amount and detail of the information that is to be

displayed, as well as what type of information is to be displayed.

AR constructs have mostly been limited to wire-frames (Sutherland, 1968) and simple 2D-

images  and 3D-objects  (Carmigniani  & Furht,  2011;  Krevelen & Poelman,  2010)  because

until  recent  years,  the  hardware  has  not  been powerful  enough to  create  more  complex

objects. The hardware capable of meeting AR requirements in the past has also been bulky

and heavy, leading to cumbersome systems with limited to no mobility, such as Sutherland's

HMD which required a mechanical support attachment to carry the weight of it.

Modern components are much smaller,  more powerful  and also far cheaper than they

have been before, meaning AR systems can be more accessible and mobile than before. In

fact,  many  products  have  already  been  developed  that  are  capable  of  AR  such  as

smartphones, iPads, game-consoles with camera attachments, hand-held game-consoles and

many more, all accessible to the public.

However, there are some challenges that stand in the way of AR becoming as wide-spread

as the products  capable  of  it,  such as  tracking technology still  largely  relying  on fiducial

markers to ensure accuracy, and balancing the design of the interface to provide as much

25



information as possible without causing Information Overload.

AR UI IO Conceptual
Framework

Combines  virtual
environment  with  real
environment

Required  for
human-machine
interaction

State  of  stress  and
disorientation

AR  presents  more
information than user
will  naturally  find  in
environment  with
own sight

Progress  limited  by
high demands on tech.

Refers  to  both
Hardware  and
Software UI

Leads  to  poor
decision-making  and
fatigue

AR  places  high
demands not only on
tech. but UI as well

Many display methods Dialogue  of  input-
output between user
and system

Interruptions  and
split  attention
increase vulnerability

Complexity  of
information
presented  has
increased

Cameras currently only
option  for  capturing
environment

Must  be  consistent,
easy  to  use  and
place  minimal
mental load on user

Higher  stress
increases
vulnerability

UI  must  be  balanced
carefully  to  provide
useful  information
without causing IO

Replaces  or
supplements  user's
view of environment

Six areas of function
required (see section
on UI)

Information
Technology  large
contributor  to
information overload

Tracking  still
inaccurate  despite
advances

Camera placement can
cause  parallax  and
disorientation

Military  personnel
more  vulnerable  due
to  high-stress
environment

Near-eye  displays  can
strain  eyes  and  cause
fatigue

Table 2 – Summary of key points.

7. Augmented Reality in the Military

War never changes. An oft quoted statement, attributed to the game series ”Fallout” by some,

thought to originate from Sun Tzu or Ulysses S. Grant by others. Whether war changes or

not, the methods and tools we use in war do. Military operations in urban terrain have grown

more common in recent years, and will continue to do so in the future. This was predicted as

far back as 2002 (Livingston, Rosenblum, Julier,  Brown, Baillot,  Swan, Gabbard, Joseph,

Hix, 2002) and possibly even further back than that.

Urban  terrain  presents  a  complex  and  challenging  battlefield,  to  mounted  (i.e.  in  a

vehicle) and dismounted soldiers alike. Situational Awareness (SA) is always important to

soldiers, they must keep track of past, present, and future events on the battlefield, as well as

friendly and enemy positions (Livingston et al. 2011). Failure to do so could not only mean

lost battles but also lost lives.
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Urban or not, battlefields are confusing, stressful, terrifying places, making it harder for

soldiers to maintain SA. Not only can it be difficult for a soldier to take in their surroundings

due to stress, their line of sight might be physically obstructed by buildings, debris, smoke or

other such obstacles. 

Naturally, AR was identified as a potential aid in maintaining and even improving SA for

military personnel (Livingston et al. 2002). It can offer the ability to keep track of friendly

and last known hostile positions, orders updates directly from battlefield command in real-

time, unobstructed vision of surroundings in urban environments, battlefield event history,

route data and more (Livingston et al. 2011).

This wealth of information does not come without cost however. In an already terribly

stressful environment such as a battlefield, where one must fight to survive, the threat of

information overload grows much larger.

As ARs purpose is to add information to a user's environment and improve SA, it must be

carefully designed to do so in a way that minimizes the risk of IO or the system will, at best,

be abandoned in favor of the user's own senses, at worst it could result in poor choices with

dire consequences.

There are many possible applications of AR systems in the military, most of the current

research seems to be going into applications for unmounted personnel in urban terrain (not

only for soldiers but police and firefighters as well (Siu, Herskovic, 2013). Other areas where

applications of AR are being researched are aviation (Air Forces) and armored vehicles.

The goal of these research projects is to provide pilots and vehicle crews with a better view

of  the battlefield  and their  surroundings,  since  the view from inside the cockpit  of  a  jet

fighter,  or  the  inside  of  tank  or  infantry  fighting  vehicle(IFV),  can  be  very  limited.  The

challenges faced by unmounted soldiers in urban terrain are challenges that airborne and

armored division soldiers face by the nature of their workspace. 

Most of the current literature on AR design is geared toward civilian readers, with the

military  often  only  getting  a  brief  mention.  There  are  plenty  of  studies  of  civilian

applications,  but not  so many that  detail  what  it  is  like  to  design an AR application  for

military  use.  While  collections  of  guidelines  and  principles  exist  for  the  development  of

civilian AR systems and general challenges that arise in those contexts, there are few (if any)

such collections that go into detail on the challenges that arise when attempting to design

military AR systems. 

What, then, are these challenges? Do military AR systems have much higher requirements

than civilian AR systems? Or are they the same?

7.1 Case Description
There  is  much interest  in  developing  AR systems for  mounted  soldiers  and one such

project  is  currently  being planned by Hägglunds,  a  Swedish branch of  the  multinational

defense, security and aerospace contractor BAE Systems.

The system they plan to develop is called the Intelligent Situational Awareness System

(ISAS).  Some of their aims with this project are to:
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1. Improve night/day all-round vision for vehicle crew.

2. Enhance  crew  fighting  quality  and  power  by  combining  all-round  vision  with

information overlay functionality.

3. Enhance platform survivability.

4. Reduce crew workload.

5. Make crew more effective.

The scope of the project involves three main areas: sensors, information management and

crew interface. Sensors refers to the various tracking methods the system will use to capture

surrounding environments, such as cameras. Information management refers to video image

processing, overlay functions and network distribution. Crew interface refers to how the crew

can interact with the system.

Currently, armored vehicles only have view-ports (periscope-like windows) for the crew to

look through and in some vehicles perhaps a monitor for the driver and gunner with low-

resolution images. This limited vision leads crew commanders to open the top hatch of the

vehicle in order to get a good view of the battlefield. ”The first one to close the hatch loses”

seems to be a statement that those familiar with mounted combat use often. The idea is that

a superior view of battlefield surroundings greatly increases chances of victory. However it

also increases the risk of the crew commander dying, as it is not unlikely that a stray bullet, a

sniper or another tank could hit the commander while he or she has their head out of the

hatch.

So to offer a better battlefield view, without the increased risk, Hägglunds would place

multiple optical and IR sensors on  the vehicle, which would then feed HD video and IR

images to a computer to stitch the many images together to form one continuous 3d modeled

view, as well as generate the virtual constructs to place on top, before sending it to an HMD

worn by the crew commander. The rest of the crew would also be able to access the video and

IR feeds through peripheral devices (e.g. a tablet computer or a hand-held version of the

HMD) and a projected image in the back of the vehicle.

Information overlay would then be added on top of these feeds, conveying information

such as troop locations, minefields, maps, orders, battle management information and more.

A connection to  a  battlefield  command center  would  allow for  individual  crews to  share

information  with each other  across  the battlefield.  With this  system, the individual  crew

members  are  given  the  ability  to  mark  points  of  interest  for  the  crew commander,  and

perhaps send the information to the command center. This is meant to make use of the crew

more effectively, as some might otherwise be sitting in the back with nothing to do. Instead,

they can occupy themselves by surveying the surroundings and marking potential hazards or

areas  of  interest,  such  as  a  suspected  Improvised  Explosive  Device  (IED)  or  hostile

combatants. In modern times, most armed conflicts are of the guerrilla type, with frequent

ambushing and deception.  This  system is  meant  to  help  crews to  ensure the survival  of

themselves and their vehicle by giving them greater opportunity to identify threats and keep

track of their surroundings.

A system such as this could be of great use in raising the survival chances of a vehicle and
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its crew in hostile territory, as well as make life just a bit easier for them. It does, however,

place high demands on both the hardware and the software that is to be a part of the system.

Special care must be taken to design a system that can serve to inform the crew without

causing IO, while keeping it useful enough that they do not simply abandon the system and

rely on opening the hatch and open themselves up to the possibility of getting shot instead.

With perspective from the development of previous AR systems and the challenges faced in

those projects, I will attempt to identify and single out some of these requirements and using

the key points I have identified through my literature study, I will discuss what can be done

to meet them.

8. Challenges posed in Military AR development

The system Hägglunds has planned is intended to consist of a number of external sensors,

both IR and full color HD, an HMD, one or more hand-held displays/tablets, a projector and

processing hardware (and software) to consolidate the feeds from the sensors and construct

the  AR  overlay  as  well  as  handle  communication  between,  for  example,  a  battlefield

management  system,  a  command center  and/or  other  vehicles.  Previous  attempts  at  AR

systems in military land vehicles have been limited by the high cost of the components and

development of such systems (Livingston et al. 2011).

8.1 Sensors
In order for the system to be able to deliver a good image at range, the cameras must be able

to capture high-resolution images.  They must be able to capture detailed images at large

distances or the system will be far less useful than it could be. The camera must allow the

crew to zoom in on a distant target and still  be given a detailed image; an unclear image

could for example result in tank crew mistaking a closed umbrella for an RPG or vice versa.

Vehicles  are not the steadiest of  platforms, armored fighting vehicles even less so,  for

example due to the terrain. The vibrations from the engine, the shock from the terrain, not to

mention what goes on in battle, will require incredible image stabilization. This is especially

true when zooming to view far-away objects as the distorting effects of any vibrations are

magnified along with the image.

Fig 1 – Concept image of external sensor placement (red cubes) (Hägglunds, 2015)

Hägglunds has not specified more about which sensors they will  use other than that they
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plan a combination of uncooled IR sensors with 640x480 resolution for night vision, and full

color HD electro-optic (EO) sensors with 1280x960 resolution for use during daylight hours.

I can imagine that they will use their own in-house developed IR sensor cores, but as far as I

know they do not make their own EO cameras.

I've  been  told  that  video-capable  military  cameras  are  not  optimized  for  use  in  AR

systems. They are supposedly slower and more prone to error when attempting to capture

objects at speed, and in strong light.

While the sensor type is not directly related to the UI or a direct contributor to IO, it is

responsible for capturing images of the environment to feed through the system to the user,

ultimately it is the foundation on which the rest of the system is built.

8.2 Displays

Fig 2 –  Concept of  crew using tablet,  projector  and hand-held display.  (Hägglunds,

2015)

Since the crew are not able to see through the armor of the vehicle, the displays will almost

definitely need to be of the video see-through display type. Video from the sensors will go

through a computer for processing and stitching (the combination of multiple video feeds

into one panoramic feed) and then sent to the displays. 

For the tablet and projector displays, there is little need for tracking their positions. On

the tablet, a user could swipe or otherwise navigate through the feed easily, implementing

tracking  to  control  the  orientation  of  the  video  feed would  make interaction  clunky and

unnecessarily complicated. As for the projector, it would presumably be immobile and aimed

at  the vehicle's  rear  wall  or  another,  similar  surface.  These two display  methods are  not

difficult to implement (basically just streaming video to a tablet and projector) and do not

face  the same challenges  as  HMDs or  hand-held displays,  partly  since  those need  to  be

designed almost from scratch.
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Fig 3 (left) – Concept image of commander HMD, with accompanying hand-control.  Fig 4 

(right) – Concept image of driver HMD. (Hägglunds, 2015)

The HMDs to be used by the commander and driver do require tracking, and it must be

able to compensate for the vibrations and shock that comes with riding an armored vehicle in

uneven terrain. The method of tracking can vary, Hägglunds suggests tracking based either

on the orientation  of  the user's  head,  and/or  a separate  hand-control.  The design of  the

HMDs must also consider the interior environment of the vehicle,  and allow the users to

maneuver around the vehicle and carry out their tasks without obstructing their view.

There are many possible perceptual issues that can arise within AR systems, both because

of technological limitations and errors in implementation. The calibration of the AR display

relative to the user is a difficult task, in part this is because the position of the cameras and

the imaging plane cannot physically be reconciled; the system must analyze the image and

calibrate itself (Drascic & Milgram, 1996; Kruijff, Swan, Feiner, 2010). Errors in calibration

can cause distortions in depth that can make objects seem closer or further away than they

really  are.  Users  need  to  be  able  to  accurately  judge  distances  between  themselves  and

virtually represented objects, as well as distances between virtual and real  objects. Depth

perception is vital, and is something difficult to convey through video; even stereoscopic 3D.

Occlusion must also be accurately represented, while keeping important information visible

(e.g. if an enemy is marked and hiding behind a rock, show that the rock is situated in front

but keep the enemy ”visible”). Occlusion is the most dominant depth cue and if not done

accurately it drives the problem of incorrect depth ordering of augmentations (Kruijff et al.

2010).

The images shown on the HMD must also be clearly visible to the user, contrast and color

perception can also be a concern. Livingston et al. (2011) tested two optical see-through and

one video see-through display and found that all displays distorted colors seen on white or

black  backgrounds.  Brightness  was  also  limited,  leaving  colors  closer  to  gray  than  they

should have been. Additionally, visual acuity is not the same for every user. Some users may

have better or worse eyesight than others and this can cause fatigue or strain in the eyes.

Regardless of which type of HMD or tracking they use, Hägglunds will need to properly

design the interface the system will display. The first two design guidelines for data display

deal with displaying necessary data and only necessary data. In this case, item number one

on that list is the video feed. Second, depth cues are of great importance to AR systems, but
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especially here. The video feed shown to the user is from outside the vehicle and is quite

disjointed from the user's actual position. Without proper reference points, they would have

no idea what the distance is to and between objects.  One option is  a grid overlay on the

ground with fixed, labeled distances between the lines to give the user a rough indication of

distance if they cannot accurately judge for themselves. Occlusion is also a powerful depth

cue; near objects cannot be blocked by far objects. If an object should move behind another

object, the system needs to show this in some way, or it will throw off their entire ability to

judge depth (Drascic & Milgram, 1996). Clipping (removing the hidden parts of the object

from view) is the traditional method of displaying occlusion in virtual applications, but this

would run counter to the military's desire for “x-ray vision”. If an enemy were to hide behind

a rock, masking the rock with a non-opaque blue marker and placing a representation of the

enemy behind it might be one way to work around this.

8.3 Information management/Processing

Fig 5 – Concept of information management system, showing the flow of information from

the sensors to the crew. (Hägglunds, 2015)

AR systems have high processing requirements.  If  it  were  simply  a  case of  generating a

virtual environment and feeding that to the displays, it wouldn't be so difficult (any desktop,

laptop or phone capable of playing modern games can do that). An AR system needs to be a

bridge between the virtual and the real, which is a very complex task. The system needs to be

able to take video from the sensors, align it, stitch it together into one, create and add virtual

constructs to it and feed the result to the user- all while keeping track of where the user is

looking, in order to only show the relevant parts of the feed.

In Hägglunds ISAS, the 3D engine is responsible for building a 3D texture model with

data from the sensors and positioning it around the user. The user can then view the vehicle's

surroundings  by  moving  their  head  or  using  a  hand-control.  The  information  overlay  is

placed over this  model,  providing battle  management  information,  enhanced support  for

32



command and control, 3D map support and more. The overlaid information can be toggled

on or off and the same 3D model and information is provided for all users in the vehicle,

offering a unified field-of-view.

All that data must be transmitted wirelessly to each individual crew interface, and must be

done with minimal delay. Even just one second of lag  is incredibly high when it comes to

system responsiveness; in battlefield situations, one second can be the factor deciding life or

death. Not only the networking hardware but the streaming and graphics software will need

to be properly optimized in order to minimize potential lag. Continuous HD-video streaming

would mean large volumes of data moving across the network, a smooth flow is of great

importance. Any bottlenecks can cause augmented graphics and video to become out of sync

and reduce the usefulness of the system greatly (Vallino, 1998). This may require software

that can predict the user's movements in the short-term in order to reduce lag.

Furthermore, the wireless transmission of data, both within the vehicle and between the

vehicle  and  a  command  center/central  server/other  vehicles  will  require  heavy  data

protection,  something of  extreme importance  within  a  war  zone where the  enemy could

hijack the signal and ”listen in” (Ren, Lou, Zhang, 2008).

Image stitching is resource intensive, especially stitching video from cameras that are in

motion. Alignment and lighting discrepancies brought on by the vehicles movement through

the environment increases the work the system needs to do, along with the risk for errors.

Errors in stitching can cause seams to appear in the image, or for objects to be garbled or

disappear entirely from view (Brown & Lowe, 2007).

Accurate  registration of  objects  is  required,  in order to correctly  position them in the

augmented view. Advanced tracking methods can help ensure accuracy, but the options for a

vehicle-mounted mobile AR system are limited. Especially in a war-zone, fiducial markers

cannot be pre-placed on new targets and other hardware-based methods are similarly useless

or difficult to implement. Sophisticated software-based tracking methods are necessary then,

to analyze and identify objects in the video feed. Geometrical registration to identify shapes

is one example of such a method, and is also useful in image stitching to identify which parts

of the images fit together (Ibid. 2007).

Another key task of the information management system is to ensure that the users get

the information that they need without causing IO. The UI is part of this, and should be

intuitive, focused and natural. What this means is that metaphors for presentation should be

easy for the user to understand in their current environment,  the amount of information

displayed should be sufficient for the user to maintain SA, but not so much that information

is lost or obscured by other information and interactions should be compatible with pre-

existing military information presentation and control and be compatible with other tasks

expected from the user (Livingston et al. 2010).

8.4 Other challenges in designing Military AR applications
Some challenges are of a more general nature and do not quite fit under the other categories.

One such challenge is regarding the mobility of the system. Mounted personnel have a free
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range of  movement relative to their  work-environment  (the vehicle)  and this places high

demands on the tracking system. Sudden movements might confuse the tracking system and

leave it struggling to catch up, or cause errors.

Each user does not have the same need for information. Obstacles and terrain hazards in

the path of the vehicle might be of more concern to the driver than the commander or crew

members,  and should perhaps be displayed as priority information to the driver,  but not

quite as prominent to the other users. Difference in experience with computer systems can

also be a factor. Older users may not be as comfortable with a more traditional UI as younger

users,  and perhaps more comfortable  with voice and gesture  commands which are more

similar to interacting with other soldiers. Interaction with the AR system should also be as

non-intrusive  as  possible  on  tasks,  suggesting  that  gesture-based  interaction  should  be

implemented with care; such that users who frequently have their hands occupied carrying

out tasks do not inadvertently send commands to the system.

9. Discussion

9.1 Information and Displays
Following  the  Design  Guidelines  and  Principles  presented  earlier  in  this  paper,  what  is

particularly important to consider when designing a military AR system? Many of them are

the same for an AR system and any other computer system, and exploring all  the design

choices may not be feasible, certainly not within my time-frame. What I can do is identify

some of the elements that sets designing AR systems for the military apart from designing

other systems.

In most cases, and certainly in this one, the point of building an AR system for military

use is to make it easier for military personnel to achieve and maintain Situational Awareness.

SA is built on knowledge of past and current events and serves to give an idea of what will

come next. The information that the system needs to display is information that allows the

user to assess the current situation. This means the user must be informed “what”, “where”

and “when”.

The ISAS enables the user to see the environment surrounding the vehicle.  This gives

them an opportunity to see the “what” and the “where”. The “when” at this point is “now”.

“What” and “where” is the necessary data now, and the position and identity of objects of

interest should be clearly visible to the user. If a marked object is “off-screen” then there

should be a pointer indicating the shortest route to get a view of the object. This pointer is

example  of  “where”  information,  but  it  should  also  present  “what”  in  order  to  assign  a

priority to the object. If it is a threatening object, such as an IED or a minefield, perhaps add

a red skull  & crossbones (a typical  warning sign for minefields).  If  it  is  a known hostile,

perhaps  red crossed swords.  The red is  meant  to  define the “what”  as  a threat,  but  any

signifier that could easily be interpreted as threatening would do. 

If  information  about  distance  from  the  vehicle  is  available,  then  this  should  also  be

displayed.  Getting  an  accurate  reading  of  distance  without  dedicated  range-finding
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equipment would be difficult, but I imagine that a military vehicle should already have such

equipment  in  place.  Whether  or  not  that  is  the  case,  optical  range-finders  could  be

implemented and connected to the ISAS system, so that when a user marks an object,  a

range-finder  matches  the  positioning  data  from  the  video  and  measures  the  distance.

Contour and edge mapping could help keep track of a moving target, allowing the range-

finder to follow it and keep distance data updated.

A battlefield situation is not limited to the immediate vicinity of the user however, there is

much more going on than what can be seen from the vehicle. The system would need to keep

the user informed about events and objects across the battlefield, in real-time. It's possible

that the system could automatically generate an event log, but more likely it would be a feed

of  reports  from  battlefield  command  or  other  soldiers.  Friendly  troop  movements  are

perhaps  two of  the  most  important  aspects  of  SA and should  also  be  displayed,  to  ease

coordination between separate units. 

Friendly positions might be placed as objects in the video feed, but route data and other

such information should be displayed on a map overlay. Maps are important tools on their

own, but the system can increase their usefulness by adding enhanced geographical  data,

weather  conditions,  object  markers  and  fields  (to  show  the  extent  of  a  minefield  for

example). Route data can show current friendly positions and preliminary routes that they

might take (can be altered in case a unit needs to change course) and rendezvous points,  so

that a user can know where his allies will  be and when. In urban environments, building

information and street names would be useful and could be displayed both on the map and in

the video feed. Sharing tagged objects between separate units might also be of use.

A battlefield's worth of information could easily cause information overload however,  so

the information must be filtered and presented in a manner that reduces that risk.

 Fig.  6 – Hägglunds concept image of  AR display with accompanying aerial  overview

(Hägglunds, 2015)

Figure 6 shows what the display might look like.  It  is  only a concept image and quite

sparse, but it gives us some idea of what the user might be seeing. A high stress environment

like a battlefield does require a simple, uncluttered UI and information should be displayed

in a way that is consistent with other ways of communicating information in the military,

such as shorthand and symbols.

For the same reasons, information should be limited to that which is relevant to the user's

35



own team and their assigned area, unless the user specifies they want additional information.

The  system should  only  seek  to  supply  as  much information  as  is  necessary  in  a  given

situation. If priority information should be received, then the user should be informed in a

non-intrusive way, for example a brief pop-up notification of a military standard symbol,

informing the user of the content while taking little space and placing minimal load on the

user.

The user should be in control of how much information they receive, able to increase or

decrease the amount as they wish. They should be able to define the geographical area which

is of interest to them, as well as how different types of information is displayed to them.

While view of the terrain is important, the more important contribution of the AR system

would be information such as route data, areas of responsibility and restricted fire areas.

SA  is  something  that  is  difficult  to  design  for,  because  the  system  designer  cannot

anticipate every possible event in every possible situation. The most the designer can do is

build a system that provides the user the opportunity to build their own awareness. The first

step would be to give them a better overview of the situation. ISAS does this by providing all-

round vision  of  the  environment  outside the  vehicle.  Next  is  personnel  information,  the

position,  operating  area  and  routes  of  friendlies,  location  of  hostiles  and  engagement

statuses, available both in the direct view and a map view. These two are the key elements

that  an  AR  system  for  military  use  can  contribute.  Anything  more  than  this  could  be

considered “extra” and should be optional in the display, not mandatory.

9.2 Input
Much of the literature neglects to mention how military users might be able to input data

to an AR system, they are more concerned with questions of information presentation. It is

still an important part of interaction however, and something worth consideration. 

ISAS being implemented in a vehicle places some limitations on input methods. For the

tablet, input should be fairly straightforward (stylus and/or touchscreen) and the need for

input via the projector display is questionable,  but could be solved through a “smartpen”

(tracked pen or stylus,  similar to smartboards but based on camera tracking instead) for

example.  Mouse  & keyboard  type  interaction  is  impractical,  gesture-based  interaction  is

possibly useful, but perhaps not suited to a crowded vehicle. Hägglunds' suggestion of using

a hand-control/joystick (see fig 8.2.2) to control the orientation of the video-feed could also

be used for limited input if, for example, a trigger were added that enabled a cursor that the

user could control the interface with, clicking on panels and objects to expand or hide them,

or entering data on a virtual keyboard. Building on that idea, perhaps a pair of trackable

gloves could be worn, allowing the user to “tap” on the interface.

If  communication  through the AR system is  as  important  a  component  of  application

success as Livingston et al. (2010) believe, then more literature needs to talk about efficient

methods of input in military conditions. These methods ought to consider the responsibilities

and tasks of the user in the area of implementation (e.g. unmounted/mounted) and they

should place as little load on the user as possible.
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Communication and interaction through the AR system would need to deviate as little as

possible from their normal routine. Soldiers often need their hands free to carry out their

(sometimes)  mission-critical  tasks.  Carrying  around  physical  UI  equipment  weighs  them

down, leaving less room for other equipment and also potentially occupies one or both hands

when in use. In a vehicle, implementing something like a hand-control is feasible, the system

will likely only need to be used while sitting inside the vehicle where the user is protected by

the  vehicle's  armor  and  there  is  little  need  to  hold  a  weapon  or  other  tool  unless  the

operation of the vehicle requires it. For an unmounted soldier, it is more important to be able

to react at a moment's notice, the only armor that protects them is a vest. Voice commands

would be one option, but noise on the battlefield could drown the user's voice. Gaze-tracking

is also problematic, as the user would likely need to keep their gaze mobile in order not to

miss  any  threats.  Although slightly  inconvenient,  a  touchscreen mounted on a  vambrace

(something like a large bracelet) could be used to enable interaction while keeping one hand

free, to hold a weapon for example. This can also allow for expanded display options on the

vambrace, keeping an HMD uncluttered from potentially useless information.

In  the  end  however,  what  is  important  is  that  interaction  with  the  system  does  not

interfere with the soldier's  ability  to carry out their  tasks and responsibilities  or add too

many extra steps to their thought process.  In civilian applications,  the threshold for “too

many” and the tolerance for interference might vary, but this limit will  be much lower in

military applications. A simple 3-step process might be considered quick by civilians, but the

time between that second and third step in military applications could mean death.

9.3 Summary
Designing an AR system is  difficult.  It  is  still  considered “new” technology despite being

around for over 30 years. Designing one for military use even more so, since the stakes are

much higher.  The high level of stress that comes as a natural  part of military operations

lowers the threshold for Information Overload, meaning that the implementation of an AR

system can easily do more harm than good.

The military also has a very diverse workforce, many different people with varying levels

of technical proficiency.  Additionally,  there are still  many soldiers from older generations

that may not have had the same exposure to technology that younger generations have. All

these factors mean that for an AR system to be successfully designed for military use, it needs

to be simple enough that anyone can use it, but at the same time offer enough information

and utility that it actually is an improvement.

If Hägglunds' ISAS only delivered a video feed to the user, it would be safer than opening

the hatch but it still couldn't compete with the superior overview of the battlefield being able

to look any-which-way you like  with your  own eyes gives  you and if  you add in the AR

overlay,  you  increase  the  load  on  the  user's  mind  without  being  100%  certain  that  the

information is useful in that moment and will not cause IO. The fact is, the AR system can

never  truly  be  as  flexible  as  our  own  eyesight  and  cognition,  at  least  not  with  current

technology.
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Herein lies what I think is the key difference between designing a military-specific AR

system and a regular system. The nature of battlefield requires that the system be able to

keep up with the chaotic  nature of the battlefield,  where unexpected events are common

occurrences. Machines can only be as flexible as their designers can make them, since they

are not yet capable of learning and freely adapting to new situations that the designer could

not foresee.

The traditional guidelines and principles, such as those described by Shneiderman (1986),

Norman (as summarized by Preece et al. 2002) and Smith & Mosier (1986), are still useful in

the design of AR systems, but these do not make a system more flexible, they only supply the

basic elements of how to shape the system.

Through attempting to apply these guidelines on the ISAS project,  I realized that they

might help a designer build the system, make sure that they have all the necessary parts for

Data Entry, Data Display, Sequence Control, User Guidance, Data Transmission and Data

Protection but they do not offer the ability to predict when and where the system will reach

its limits and become less useful than putting yourself at risk by opening the hatch to survey

the battlefield.

The system must not only anticipate what it needs to present to the user but also when, so

that it does not drown the user in information that is not immediately useful. But how can it

know what and when, if the designer doesn't know? Currently, the only way to fix this is

probably  continuous  system  updates,  so  that  next  time  the  system  is  in  a  previously

unexpected situation, it will know what to do. Giving the user complete control to alter the

system to conform to the situation might work, but it is unlikely that they would have the

time or opportunity to do so, especially in combat.

The notion that AR is limited by its enabling technology is also an issue that increases the

difficulty  of  designing  an  AR system.  Trying  to  mix  the real  and virtual  world  is  a  very

complex task and introduces a lot of unknown elements to a system. Current AR technology

can only pretend to mix realities by creating realistic-but-simulated objects and adding them

to a simulated model of the real world. While it is doing that it also needs to keep track of the

real world and all the changes happening there. And then it needs to feed all this to the user

in addition to information about the environment and objects and whatever else the user

needs.

The  more  ”real”  the  system  needs  to  make  its  simulations  the  higher  its  processing

requirements  get,  until  it  passes  the  point  our  current  technology  can  handle.  Reality

contains an infinite number of variables that neither the designer nor the system can account

for. To simulate reality near enough that it is indistinguishable from true reality is currently

only a theoretical concept, unachievable with current technology.

ISAS is not meant to be a reality simulator, but perhaps that is what holds AR back from

reaching  its  true  potential.  Until  our  technology  has  the  processing  power  to  accurately

simulate reality, AR might always be something we just cannot master.
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10. Conclusions

Current design guidelines are not enough for the design of military AR systems, they assume

a neutral and normal environment for the system. They need to be expanded if they are to be

useful in the unpredictable environment of the military. As it is now, it seems that much of

the design will have to be trial and error. The guidelines can help build a good information

system and database, but they will not be of much help in designing a system to be used in

battle.  They  were  not  created  with  the  heightened  stress  levels  and  unpredictability  of

military operations in mind.

Information systems are generally incapable of going beyond their programming, so they

are only capable of doing what is  specified by the designer,  or  the user if  they are given

control of the system. When circumstances change beyond what a system was planned to be

able to handle, it cannot adapt to those new circumstances.

Humans can reflect on the past to anticipate the future. Prior experience gives us an idea

of what comes next. We can change our ”programming” based on what we know about the

past and the present, to prepare for the future. It is probably beyond our ability to make

something as complex as an AR system able to re-program itself to adapt to new situations

until we truly develop general Artificial Intelligence (Thórisson, Nivel, Sanz, Wang, 2013).

10.1 Suggestions for future research
I have perhaps painted a bleak picture with my discussion and conclusions, but that is not

my intent. Augmented Reality is a very ambitious technology, one that cannot quite be fully

realized yet. To cope with the unpredictability and chaos of the battlefield, future research

should be toward computer systems capable of enormous data-processing and/or the ability

to change their programming to adapt to new and complex situations. I believe that a self-

programming system might mean that AR is no longer as limited by its technology and will

instead only be limited by its design.

Guidelines  and  principles  for  interface  design  need  to  be  expanded  and  adapted  to

account for challenges posed by an unstable environment surrounding the system, such as

military operations. Many systems today are perhaps planned and designed in a vaccuum, a

scenario of perfect what-ifs and expected outcomes, but on the battlefield there are variables

that do not necessarily  follow the rules defined in the system. In these cases, the system

might be incapable of handling the situation or even registering what is happening.

In  sum,  future  research  should  look  towards  building  better  and  more  efficient

technology, as well as improving design practice with regard to situations and environments

that deviate from the norm.
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