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Abstract: Augmented Reality Agent is a relative new research area that incorporates agent technologies with 

real world environment and information world. Such agents assist the user in performing tasks in real world 

environments such as place-to-place location guidance, instruction in physical tasks and augmentation of 

information related to the physical world. In this work we focus on the consideration of realizing such agents for 

assisting user with real world tasks in a desktop environment. We have proposed four fundamental components 

for such agent, namely static and dynamic visual appearance, physical awareness and user action recognition. 

Physical awareness is a crucial component which has been absent in the past agent systems. It provides the 

agent with the capability to move through physical environment freely without violating physical constrains of 

the real world. In this work we also focus on the importance of naturalness in human-agent communication. We 

believe the more humanized the agent the smoother the interaction would be between the user and the computer. 

Therefore, multimodal communication capability is an important aspect for a real world agent since natural 

human-human communication would have more than one communication channels. One novelty of this work is 

that the eye behavior has been taken into account in the importance of human-AR agent communication. Two 

application systems for desktop environment incorporating AR agent are also discussed. 
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1. INTRODUCTION 

In the past decades, the advancement of augmented 

reality (AR) has enhanced our perception and helped 

us to experience the real world environment in new 

and enriched ways. Along with its growing potentials, 

AR agents emerge to offer novel ways of human 

computer interaction. They urge for intuitive forms of 

human-machine communication. In such systems, 

machines are no longer perceived as complex tools 

but rather as smart companions that support task 

management and lighten us from tedious operations. 

AR agents exist in the same physical environment as 

the user, in which they can freely move using all 6 

degrees of freedom. They appear to have a solid, 

tangible body that can be observed from any arbitrary 

viewpoint, making them become integral parts of the 

physical environment. Their strength is that they can 

appeal to multiple senses and engage user in a natural 

conversation.  

According to [1], one of the advantages of bringing a 

virtual agent into AR setting is that the agent can 

draw their perceptions from the state of both the 

virtual and the real world, granting them all the 

perceptual capabilities. For example, an agent can 

plan virtual paths to avoid real world obstacles that it 

perceives. 

AR agents are able to create a rich interaction 

experience since their advanced multimodal 

communication capabilities including speech, facial 

and body gestures and posture engage users 

emotionally and socially as well [2]. They are 

perceived as living, feeling, and “smart” digital 

creatures. Therefore the behavior planning of the AR 

agent is an important aspect in agent design as they 

are closely related to the user’s perception of the 

agent. However this is a complex and daunting task 

since it requires careful consideration and the scope 

of planning involves wide range of research areas. 

In this paper we limit the discussion to the essential 

components to realize an AR agent particularly in a 

desktop environment. Two potential applications of 

agent system are also presented. The contribution of 

this paper is to provide considerations for future AR 

agent designs. 

2. RELATED WORK 

Virtual agents have been researched extensively in 

VR but have only been introduced in AR 

environments recently.  

One of the early AR application providing character 

support is the ALIVE system [3], where a virtual 

animated character is overlaid into the user’s real 

environment that respond to human body gestures on 

a large projection display. The interaction between 

the user and the animated character was limited only 

to body gestures.  

The Welbo project [4] features a conversational 

virtual agent who guides, helps and serves the user in 

an immersive environment. Welbo is only able to 
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speak some predefined sentences such as greeting the 

user thus limiting the capability of natural 

conversations.  

The EU project, STAR [5] aims to enhance service 

and training in real factory environments using 

virtual life-like humans. Cavazza et al. [6] places a 

live video avatar of a real person into a mixed reality 

setting and interact with a digital storytelling system 

with body gestures and language commands. These 

two systems rely on predefined animation/video such 

that it is served merely as a storytelling system. 

Barakonyi et al. [7] presented the AR Lego system 

where an animated agent demonstrates assembly of 

toy blocks in a real environment. The system 

provides step-by-step assembly instructions as to 

which block to mount next and how to verify whether 

the user is at the correct stage in the construction. The 

agent autonomously shows the proper demonstration 

by animated behaviors over real toy blocks. The user 

is restricted to interact with the system through the 

use of a tracked PDA which acts as a multi-purpose 

interaction device.  

Barakonyi et al. [8] later proposed an autonomous 

agent system for augmented reality games: monkey 

bridge. This application describes an AR game in 

which two users play against each other by building a 

bridge consisting of real and virtual elements for their 

monster-like avatars across a virtual ocean. The shape 

and spatial distribution of the bridge elements 

influence the decisions of the AR Puppet-based 

behavior engine that autonomously generates actions 

for character motion and affective behavior without 

explicit scripting or user instructions. 

The aforementioned systems introduced interesting 

forms of human machine interactions through the 

virtual agent. However, these systems suffered from 

the same shortcomings; they lack physical awareness 

of the real world environment. Agents that resides on 

the fiducial marker did not have geography 

knowledge of the physical environment hence they 

are unable to move around the environment naturally 

owing to their incapability to handle physical 

constraints.  

The previous agent systems also have limited their 

communication channels between the user and the 

agent. For instance, the Monkey Bridge and AR Lego 

system only allowed user to interact with the system 

by manipulating physical objects. Other systems such 

as Welbo restricted the interaction to only speech.  

However, humans communicate through a gestalt of 

actions which involve much more than just the 

speech or gestures alone. Non-verbal expressions 

such as facial expressions, head, body and hand 

movements all potentially contribute information to 

the communicative act. They allow the speakers to 

add further information to their messages including 

psychological state and attitude.  

The complexity of this communicative act should be 

taken into consideration for agent design; aiming at 

modeling and improving such interaction by 

developing user friendly applications which should 

simplify and reduce user’s cognitive load to use agent 

systems. Psycholinguistic studies have confirmed the 

complementary nature of verbal and non-verbal 

aspects in human expressions demonstrating how 

visual information processing integrates and supports 

message comprehension [9-11].  

Several research works on mutual contribution of 

speech and gesture in communication and on their 

characteristics have being carried out. Some models 

include characteristics of emotional expressions [12, 

13] as well as speech and gesture modeling, 

multimodal recognition and synthesis of facial 

expressions, head, hands movements and body 

postures for virtual agents [14-18]. 

4. AGENT COMPONENTS 

In this section we describe the basic elements of our 

multi-modal AR agent (Fig. 1). Namely: static and 

dynamic visual appearance, physical awareness and 

user action recognition. 

 

Figure 1. Fundamental components that make up 

our AR agent 

4.1 Agent Static and Dynamic Visual Appearance 

Our perception of the agent consists of two 

distinctive components: static and dynamic visual 

appearance. Static visual appearance refers to the 

inanimate figure with visual properties. These 

properties constitute the static qualities of the agent’s 

visual appearance. When these qualities are brought 

to life in the forms of gestures, speech and gaze, we 

encounter the dynamic qualities of the agent’s 

appearance. Together the static and dynamic qualities 

add up to the overall visual experience. 

4.1.1 Static Visual Appearance 

According to [19], designing an agent’s static 

appearance is a complex task that spans over several 

dimensions. These dimensions may include 

humaness, physical property and graphical style. For 

the humanness dimension, the agent can be modeled 

as humans, animals, nonliving objects or some 

bination of these entities. In the physical property 

dimension we look at the basic attributes of the agent 
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such as the shape, size color and type of skin, hair, 

clothes. The graphic style dimension is the most 

complex of the three where the agent appearance can 

be decided upon a wide range of different styles or 

expressions. For example, the agent can be really 

naturalistic such as the characters from the sims, or 

possess a rather abstract appearance commonly seen 

in cartoon animations. Similarly, the agent can have a 

detailed appearance that is photo-like or reduced to 

semi-detailed contour drawings. 

If a virtual agent in its visual appearance 

naturalistically resembles a human being, we will 

also expect the agent to behave as a human being and 

in particular as intelligent as a human being. A 

conflict between the abilities of an agent and the 

users’ perception of agent abilities can inflict 

frustration. The more visually realistic the agent is, 

the higher the expectation of the user in relation to 

the suitability and ’intelligence’ of agent’s utterances 

and actions. Past research have proved a higher 

tolerance of the limitations of a ’character’ that is 

more sketchily represented [20]. Similarly  V. 

Mulken et al [21] reviewed studies suggesting that 

agents with a more naturalistic visual appearance can 

be confusing owing to their misleading behaviors.  

However higher degree of naturalism in virtual 

agents emphasizes the fact that in human-human 

interaction we are exploit information from human 

gestures, facial expressions, eye movements naturally. 

This is known to considerably increase the 

smoothness of interaction [21, 22]. Therefore, by 

employing a computer-based agent with gestures and 

facial expressions that are as human-like as possible, 

human–computer interaction will also become 

efficient [22]. 

Another important aspect of the agent static 

appearance is its physical size. For instance, 

considering a desktop AR environment where the 

user is sitting in front of a desk, asking an agent to 

find and show him/her the location of an object. In 

this case it would be more preferable to employ a 

small size agent over a real-human sized agent since 

the small agents would have the capability to move 

between objects on the desk. The agent’s body size 

should be tailored according to the size of the 

working environment and the type of tasks it may 

perform. 

4.1.2 Dynamic Visual Appearance 

Expectation clash is not only a crucial aspect in static 

appearance design, but should also be considered 

carefully when designing the agent animation since 

mismatches between a high-quality stylized static 

appearance and awkward animations or awkward 

language and behavior can cause irritation. Similarly, 

when the agent performs an action which mismatches 

its static appearance, it may appear as abrupt and 

unnatural to the user. For example, considering an 

agent which has a creature appearance of a caterpillar, 

it may be perceived as surprising and strange if the 

agent performed a flying action. The dynamic visual 

appearance should depend on the chosen static visual 

appearance of the agent. 

The planning and modeling of avatar animation can 

be drawn from a wide range of computer animation 

literatures. Kiss. S [23] presented a review of 

computer animation literature, concentrating on 

articulated characters, their interactivity and real time 

simulation. Modeling agent actions according to the 

environment is a complex task. According to [24, 25], 

it is desirable to introduce autonomy to AR agents so 

they do not need constant user guidance or carefully 

scripted behavior prepared for all possible situations. 

Instead the agents can proactively make decisions 

based on information from the sensors in the real 

world environment. As the result, only high-level 

goals are needed to be set, while the agent’s 

reasoning engine takes care of low-level details to 

achieve the goals as quickly as possible. 

The previous agent systems have been focusing on 

the realization of AR agents. As discussed in section 

two, they provide interaction in means of limited 

channels of communication. One of the novelties of 

this research is to further improve the quality of 

interaction by incorporating eye behavior into AR 

agent systems which has been overlooked in the past. 

Eye behavior serves many functions in human 

interaction [26]. Eye signals may be used as content 

acts and as dialogue management acts. A speaker 

may communicate beliefs, intentions or affection by 

means of eye behavior. For example, express 

uncertainty or emotional state. A hearer may indicate 

degree of attentiveness by means of his or her eye 

behavior. This is often used in human-human 

communication to show clear acknowledgement of 

the other person’s initiative and that he or she has 

been heard. As for managing the flow of interaction, 

eye behavior is efficient in structuring the dialogue 

such as turn taking [27]. For example, looking away 

is a means for a speaker to keep the floor. Resuming 

eye contact with a dialogue partner is a way to pass 

the turn to and ask for feedback from the hearer. 

Eye gaze is often used for spatial referencing in 

human-human communication. When a speaker talks 

about an object to a hearer, he or she may show the 

physical location of that object by means of eye gaze 

direction and subsequently the hearer may lay his or 

her eye on the object. This is also known as mutual 

gaze. It regulates not only the flow of the 

conversation but also reassuring the speaker that the 

hearer is aware the subject of his utterance. We 

advocate that this kind of eye behavior is desirable in 

terms of human-agent communication. 

4.2 Physical Awareness 

AR agents and physical robot agents exist and assist 

user task in the real world environment. They are 

often classified together as “real world agents”. 

Physical robots possess actual bodies that are fit to 
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handle physical constraints in the real world; 

preventing them from going through other physical 

objects. In comparison, AR agents have virtual 

bodies that appear in the real world environment 

which can be modified more easily than actual robot 

bodies. However their flexible embodiment does not 

provide them with the ability to handle physical 

constraints like physical robots. 

Therefore, in order to allow agents to move freely 

according to physical constraints of the environment, 

there is a need to provide the agent with the 

representation of the environment. 

Recent advancement in computer vision has allowed 

dense surface reconstruction in real time [28]. R. 

Newcombe et al proposed KinectFusion [29] which 

generates dense reconstruction with a handheld 

kinect depth camera. In our implementation, we 

merged several point clouds captured by a single 

Kinect camera for scene reconstruction. This is 

further processed to generate a walk mesh 

representing the “walkable” region of the AR agent. 

Fig. 3 shows the sample output of surface 

reconstructions and its walk mesh. 

 

(a) Reconstruction of our physical environment 

 

(b) Walk mesh. 

Figure 3. Scene reconstruction of our workspace 

(a) and the relative walkable region represented 

as a walk mesh (b). 

4.3 User Action Recognition 

The most natural ways of human communication is 

through a combination of speech and non-verbal 

expressions such as facial expressions, head, body 

and hand movements. In particular, speech and hand 

gesture have been known to be the most 

communicatively effect and natural ways to convey 

message [30]. Thus it is useful to equip the agent 

with the ability to decrypt the underlying message 

from these gestalts. 

In an AR desktop environment, the agent may help 

the user with tasks in the real world environment 

where location indication may be useful. In this case, 

deictic gestures (pointing at an object while talking 

about it) are typically employed to convey location 

information. They can be nicely map onto deictic 

expressions like “this” and “that”, “ these” and 

“those”, “here” and “there”. Thus, they can substitute 

particularly well for certain linguistic expressions, 

especially spatial expressions. At the same time, 

deictic gestures form indices to individual things. 

They can move the hearer’s attention from the 

speaker to the approximate region of the referent [31]. 

If speaker and hearer both know that their attention is 

focused on a similar region, then this facilitates 

reference resolution. 

5. AGENT APPLICATION 

In our research we are considering two potential 

applications for our AR agent in a desktop 

environment: A desktop secretary agent and an urban 

design agent. 

5.1 Secretary agent 

The primary purpose of secretary agents is to relieve 

user’s workload in a desktop environment allowing 

the user to work more efficiently. One simple 

example is helping user to locate objects in the real 

world environment. The agent would first identify the 

object, generate a virtual path and then guide the user 

to the object. To indicate the object in the real world, 

the agent may employ a combination of spatial 

dialogue speech and pointing gestures.  

Another example function of the secretary agent is to 

assist the user task by providing the associated 

support information. This can be integrated with our 

previous work: ARDictionary [32] (Fig. 4). 

Considering a typical scenario where a user wishes to 

look up the definition of a word. He points at the 

word then inquires the AR agent for the word 

meaning. The agent moves towards the word, 

showing acknowledgement of the inquiry, search in 

the internet and finally inform the user of its findings. 

Since the secretary agent can aid the user task in the 

real world environment, it must be capable of moving 

to arbitrary location in the environment. However 

this requires the agent to be physically aware of the 

environment layout so that it can generate and move 

along an appropriate path without violating physical 

constraints. 

In our system (Fig. 5), we use a kinect camera and 

HMD overlooking the work space. The physical 

awareness is acquired by combining multiple mesh 

data captured from a single Microsoft Kinect camera. 

This mesh information is registered with the real 

world environment. The system is then able to 

calculate walk paths in real time (Fig. 6). 
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Figure 4. AR Dictionary [32] 

 

 

Figure 5.  physical setup of the system. 

 

Figure 6. path generated from start to end point. 

5.2 Urban Design Agent 

Urban Design involves the design and coordination 

of all that makes up cities and towns. This is usually 

comprised of buildings, public space, streets, 

transport and landscape. 

In the urban design process, designers have to 

materialize their designs and present the ideas using 

realistic representations. This is often achieved by 

creating a physical miniature model of the city. The 

design is then refined through a loop of presenting 

urban layouts, gathering new ideas and making 

alterations until it is finalized.  

However it is tedious to remake the miniature model 

whenever new ideas need to be applied. The magic 

cup [33] offers a solution by allowing the user to add, 

remove and manipulate virtual objects in an AR 

setting using a cup-shaped tangible interface. 

The virtual objects may be overlaid on top of the 

existing miniature model making it easier to visualize 

designer’s idea. In the magic cup system, whenever 

the user wishes to change the function of the cup, 

he/she has to move the cup away from the scene to 

another marker set area. This draws the user’s 

attention away from the main scene. This problem 

can be solved by replacing the magic cup interface 

with an AR agent. The user can simply point at an 

object or location and ask the AR agent to perform 

the operation. Another advantage of using AR agent 

in this application is that the agent can also act as a 

presenter, giving guided tours around the urban 

design and may answer the user’s questions regarding 

the design. 

6. CONCLUSION 

In this paper, we have discussed the shortcomings 

from the past AR agent systems. A basic framework 

for AR agent design is proposed based on the urge to 

improve the naturalness of agent appearance and 

smoothness of human-agent communication. Physical 

awareness is a particularly desirable sense which 

provide the agent with mobility to move in the 

physical environment while retain physical 

constraints. We also advocate the employment of eye 

behavior to enhance the quality of interaction 

between user and AR agent. Finally, two agent 

applications have proposed for this research.  
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