
 
 

 

  

Abstract—The immersive game interfaces which reflect the 
user’s actions to the game in real-time can make the user be 
immersed in the game. In this paper, we applied the virtual 
reality (VR) techniques to a first-person shooting (FPS) game, 
Unreal Tournament 2004, for the enhanced user immersion with 
making the range of sensible information be widen by using the 
head-mounted display (HMD) and the 5.1 channel headphone, 
and also making the interaction between the user and the game 
system be natural with the head tracker and the data gloves. 
Additionally, the intelligent game agents are applied to improve 
the quality of the game contents. The proposed immersive 
interface was substituted for the traditional interface system 
represented by a monitor, a keyboard and a mouse. To evaluate 
the proposed system, we performed the usability test with both 
the physiological and the psychological measures. Through the 
experiment, we verified that the proposed system provided 
better immersive experience to users than the traditional 
system. 

I. INTRODUCTION 

 
With a rapid increase in the development of virtual reality 

(VR) systems, an immersive user interface has been actively 
investigated for personal viewing and interaction with a 
virtual environment [1,2]. By using the interface which 
interacts with human senses, the interaction between users 
and the VR environment can become efficient and natural. 

The VR has been applied to the entertainment, the 
discipline, the education, the engineering, the operation, the 
remote control, and etc., and the range of applications is still 
expanding. Among those areas, the entertainment area has the 
most popular and extensive market and a lot of researches 
have tried to apply the VR system to the entertainment field. 
Nevertheless, the systems proposed until now have limited 
interfaces only for the desktop environment and this 
limitation reduces the immersion of users. Therefore, the VR 
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system for the entertainment with natural multimodal 
interfaces is required to improve the experience of the 
immersion of the users. Especially, we mainly focused on 
improving the immersion of the first-person shooting (FPS) 
game since it requires the most advanced immersion among 
the various entertainments with grafting the VR techniques. 

In order to improve the immersion for the VR based FPS 
games, three issues shown below should be considered: 

 
▪ The range of sensible information should be widen. 
▪ The interaction between the user and the game system 

should be processed naturally. 
▪ The quality of game contents should be improved 
 
With considering these points, we implemented the system 

with the immersive interfaces which makes the user 
experience the interest and the immersion much more, with 
the existing FPS game, Unreal Tournament 2004. To 
implement the enhanced immersion of the FPS game, firstly, 
we used the head-mounted display (HMD) and the 5.1 
channel headphone to widen the range of sensible 
information. Moreover, the head tracker and the data gloves 
were used to make the interaction more naturally. Finally, the 
intelligent game agents are applied to the game to improve the 
quality of the game contents by making the user feel interest 
in the game and competitive with the NPCs in the game. The 
proposed system was evaluated by users who actually played 
the game with wearing the proposed interface of the system. 

II. BACKGROUNDS 

A. VR Environment 
 

The VR is an artificial world implemented by the computer 
with including one or more human senses. The VR 
environment is not the static environment but the dynamic 
environment affected by external actions between users and 
the VR world.  

In the VR environment, the user becomes both the person 
who percepts the environment and the creator of the world 
simultaneously. The VR is distinguished from the simulation 
that the user becomes the center of the simulation and 
interacts with the VR environment made by computers. 

The VR techniques deliver information to the sensoria such 
as five senses of human multiplexly and make the user feel 
the virtual space like the real space and interact by actions in 
real-world. For this reason, the VR is based on the 
psychology and the cognition engineering which handles the 
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human interfaces. 
The researches about the VR environment derived from the 

head-mounted display (HMD) implemented by Minsky in the 
late 1950s and the touchpad designed by I. Sutherland in the 
1960s. However, the practical concept of the VR was found 
by Krueger in the middle of 1970s and represented with more 
precise terminologies by Lanier in 1989. As the 
computational power is improved in nowadays, the integrated 
VR systems have been developed with more input devices.  

The quality of the VR system can be judged by considering 
factors such as the immersion, the manipulation and the 
navigation. The immersion is one of the important factors for 
the VR systems. The user of the VR system can feel that the 
virtual world is more realistic with the high-quality 
immersion of the VR systems. The immersion basically 
depends on the hardware of the VR system. In this paper, we 
proposed the VR interface including various devices: HMD, 
headphone, the head tracker and the data gloves for the 
enhanced immersion of the VR system. 
 

B. Games with Immersive Systems 
 

On the game system, the sense of reality is regarded as the 
most important factor to make the user be immersed in the 
game. As the sense of reality increases, the user can be 
absorbed in the game with forgetting the existence of the 
artificiality of the interface. Games have been developed with 
focusing on that the interfaces are not disturbing factors but 
can affect positively to the immersion. The 3D based graphic 
technology, the practical usage of various characters and the 
realistic sound effects were used to make users be immersed 
in the games.  

Recently, many researchers try to adopt the physical 
interfaces which are intuitive and based on the human 
experience to improve the reality of the games. Jung et al. 
introduced a new interface for the immersive game, the 
Well-Tep. Users could control the virtual character by 
walking on the proposed interface [3]. Yoon et al. designed 
the trained character by using “clicker training” and 
integrated the Dog-Ear, the sound data of the real-world, and 
the kernel system of the artificial life [4]. Jacobson et al. 
proposed CaveUT system with the visualization cube [5]. The 
system was designed to support full immersive VR, and used 
the game platform, Unreal Tournament. However, with the 
mentioned systems, the user can interact with the system by 
using only limited part of the body. In order to provide more 
advanced immersion, we designed the immersive user 
interface which uses extended body actions of the user.   

III. IMMERSIVE FPS GAME SYSTEM 
 
In order to improve the immersion and the interest for FPS 
games, we propose a framework with considering aspects of 
technology and social psychology. Fig. 1 shows the 
framework of the proposed system. 

We mainly focus on three points: the delivery for the wider 

range of the sensible information, the natural interaction 
between the user and the VR system, and the high-quality 
game contents.  

To expand the range of the sensible information, the range 
of the technical information using human senses in immersive 
devices, especially the sense of vision and the sense of 
hearing should be widen. This can be done by using the 
devices which can provide the information to the user 
extensively. In the proposed system, the HMD and the 5.1 
channel headphone are used to achieve this.  

Moreover, to make the interaction between the user and the 
game system as natural as possible without that the user feels 
he enters data artificially, the head tracker with IR LEDs and 
the data gloves are used for the interaction to make user input 
commands with concentrating on his senses. The devices can 
reduce the unnaturalness between the user and the system 
during the interaction since they reflect the movements or the 
gestures of the user in the game system directly. 

Finally, it is required to make the NPCs in the game act 
more intelligently to improve the quality of the game contents. 
In this paper, the optimal strategy generation technique with 
the influence map, the evolutionary neural network and the 
ensemble technique is used to create the intelligent game 
agents. The agents behave intelligently with considering the 
game environment and the play of the user. 
  

 
Fig. 1. A framework of the immersive FPS game system 

 
 In this paper, we use the FPS game, Unreal Tournament 
2004 as the virtual reality platform. The game was published 
by EPIC games for PC and provides the combat environment 
with the first-person viewpoint. The game was originally 
designed to use a keyboard and a mouse, however, we hooked 
input signals and the developed immersive user interface was 
substituted for the input devices using the keyboard and the 
mouse. 
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A. Head Tracking 
 
To achieve a visually accurate superposition, the user’s 

viewpoint in the virtual environment should be aligned with 
its corresponding head movement in the physical world [6]. 
We implemented the helmet with 4 IR LEDs and the Wii 
remote to detect the head movement as shown in the Fig. 3.  

The Wii remote is a handheld input device of the Nintendo 
Wii, a home videogame console [7]. It contains a 3-axis 
accelerometer, a high-resolution high-speed IR camera, a 
speaker, a vibration motor, and wireless Bluetooth 
connectivity. 

 

 
Fig. 2. A device for head tracking used in this work 
 
As shown in Fig. 2(a), two infrared LEDs are attached 

crosswise to the helmet, and the Wii remote (see Fig. 2(b)) 
receives two infrared lights hanging from the ceiling. 
Analyzing their positions, it estimates the user’s head 
orientation recorded in the form of pitch and yaw angles as 
shown in Fig. 2(c) and 2(d).  

Initially, it calibrates the position of a user’s head by 
estimating initial values of two IR signals  = {(, ), (, )}  and calculating the distance  
between two IR signals as follows: 

 
  =  ( −  ) + ( − ) (1) 

 
 When the user moves his head, new IR signals ′  are 
measured and new distance ′ is calculated by the formula (1). 
The pitch angle   and the yaw angle   are calculated as 
below: 
 

 
 =     0° ≤  ≤ 60°  =   ( −   −  ) 

(2) 

 

 As the direction of the user’s view point is represented as (, ), the view point (, ) in the virtual space with its 
width  and height ℎ can be determined as follows: 
 

  = (/ ) ,  = ℎ(( + 90°)/ ) (3) 
 
   and   are the maximum pitch angle and the 
maximum yaw angle respectively and predefined as 1/3 
and  in this paper. 
 The estimated user’s view point in the real-world is 
synchronized with the view point in the virtual environment. 
The user can change his view point in the game more 
intuitively than the traditional input interface using the mouse. 
The proposed system can provide the enhanced immersion 
because the user may not feel that he just enters signals to the 
virtual game environment with this technique. 
 

B. Data Glove based Hand Gesture Recognition 
 

As the other input interface of the game, we use the data 
gloves to recognize the hand gesture of the user. Beyond the 
traditional keyboard or joystick, gesture-based interfaces 
increase the usability as well as the entertainment value of 
interactive computers. Hand motions are one of the most 
common forms of expressive gestures. As such, hand gestures 
have great potential to act as a computer interface in the 
entertainment environment through the development of the 
data glove [8].  

The data glove collects raw sensory data in the form of 
continuous values from multiple channels. As it is not easy to 
directly determine the shape of a hand based solely on these 
signals, machine learning techniques have been used. In this 
paper, we used the mixture-of-expert technique to recognize 
the hand gesture.  

Mixture-of-experts models [9] consist of a set of experts 
which model the conditional probabilistic processes and a 
gate which combines the probabilities of the experts. The 
probabilistic basis for the mixture-of-experts model is a 
model in which the experts form the input conditional mixture 
components, while the gate allows the outputs to form the 
input conditional mixture weights. The mixture-of-experts 
model is a powerful data modeling tool used to capture and 
represent the complicated relationships between continuous 
input signals and discrete output signals. 

In the proposed system, two data gloves (5DT Inc.) are 
integrated into the hand gesture recognition module to collect 
samples at 60 Hz. The system was designed to use only 8 
sensors on the right-hand glove because we need to recognize 
only the right-hand gestures. The calibration points of the 
right-hand glove are on the upper joint and knuckle of each 
finger. The rest of the sensors are used to calibrate the angles 
between each finger. Since the sizes of individual hands are 
diverse, we normalize the training data based on their 
maximum (clenching fists) and minimum (opening palms) 
sizes. 
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Fig. 3. The mixture-of-expert model for the hand gesture recognition 
 

 

Fig. 4. Hand gestures used in the FPS game on VR environment 
 
After preprocessing, the system is able to recognize 6 hand 

gestures based on 8 channels of the data glove in the 
mixture-of-experts model, as shown in Fig. 3. In this paper, 
the mixture-of-experts model used had a multilayer 
feedforward perceptron structure with a hidden layer of 
expert networks.  

Each hand gesture is used as the inherent command in the 
game. In this paper, we substituted horizontal movements, 
stepping forward, stepping backward, shooting a gun and 
grabbing items command with predefined 8 hand gestures. 
Fig. 4 shows the hand gestures used in the proposed system. 

 

C. Output Generation 
 
In the output part of the VR environment, the senses which 

affect to the user most are the vision and the auditory. These 
roles were taken by the monitor and the speaker in the 
traditional interface system. However, because the monitor 
provides the sensory information in the opened space, the 
conscious activity is required of the user. Moreover, with the 
speaker, direction information for the auditory senses can be  

 
 
Fig. 5. Output devices – The HMD and the 5.1 channel headphone 
 

loss since the speaker compresses the original sound source 
into 2 channels. To overcome these limitations on the sensory 
information based interaction, we use the HMD for the vision 
information and the headphone with 5.1 channels for the 
auditory information which block external unnecessary 
information and deliver information effectively. The user 
receives the game screen through the HMD and the game 
audio through the headphone. Fig. 6 shows the output devices 
we used. 

 

D. Intelligent Game Agent 
 
The quality of the immersive experience of the user can be 

affected by not only sensible information but also the 
environment system that responds intelligently to the user’s 
action such as the agents in the game. When the agents act 
predictably or irrationally, the user may feel boring and a 
decline of the immersive experience can be caused. Therefore, 
the intelligent agents in the game system take an important to 
enhance the immersion. 

In this paper, we applied the optimal strategy selection 
method using a speciated evolutionary algorithm and the 
influence map which we already proposed [10, 11] to the 
game platform Unreal Tournament 2004. The actions of the 
game agents are decided by the method during the game play 
as shown in Fig. 6. 

 

 
 
Fig. 6. Strategy selection of the intelligent game agents 

 

IV. EXPERIMENTS 

A. Measures 
 

In order to verify the immersive FPS game system we 
implemented in this paper, we mainly focus on the immersion 
of the proposed system. The immersion can be verified by 
considering physiological and psychological information of 
users. 

The physiological states of users can be used to detect the 
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emotional states of them during the game play [12]. There are 
a lot of ways to measure the physiological states of the human 
such as the electroencephalogram (EEG), the 
electrocardiogram (EKG), the heart rate variability (HRV), 
etc.. Especially, HRV is widely used as the indicator to 
distinguish specific behaviors. The HRV is the periodical 
variation of the heart rate, and the HRV is controlled by the 
interaction between the sympathetic system and the 
parasympathetic system. The HRV can be used as the 
indicator of the immersion of the VR system because it is 
affected by the strong emotion of the user [13].  

Moreover, to verify the usability of the system from the 
psychological aspect, the questionnaires were designed to 
survey the responses of users who played the game with using 
the proposed system. Table 1 shows the questionnaires we 
used. The questionnaires were designed with referencing the 
evaluation method for the VR system proposed by Avery et al. 
[14]. Each item was evaluated from 1 (Strongly disagree) to 5 
(Strongly agree). 

 
TABLE I 

QUESTIONNAIRES TO EVALUATE THE PROPOSED SYSTEM 
 

1 I forgot the passage of time during the VR experience 

2 I was totally absorbed into the VR experience 

3 There was no distracting thoughts during the VR 
experience 

4 I felt that my thoughts and the decisions had been 
corresponded during the VR experience 

 

B. Experimental Design 
 
For the evaluation of the proposed system, 33 participants 

(28 males and 5 females) were recruited, ranging in age from 
23 to 32 years. Each participant played the FPS game with the 
traditional game interface including the keyboard and the 
mouse to compare, and they used the proposed interface 
system. Fig. 7(a) shows the appearance of the user who wears 
the proposed immersive game interface and Fig. 7(b) shows 
the screenshot of the FPS game we used.  

 
The experiments were progressed as follows: 
 
1. Each participant took a rest at least 10 minutes. Coffee 

and cigarettes were prohibited. 
2. Each participant put the HRV detector (Polar RS400) 

on their chest. 
3. Each participant played the game with 10 rounds with 

the traditional game interface. 
4. Each participant played the game with 10 rounds with 

the proposed game interface. 
5. After playing the game, each participant completed the 

questionnaire. 
 

At the step 4, each participant used 4 different variations of 

the proposed system. The components of the proposed system 
were combined in various ways to confirm the influence of 
each component of the proposed system. Firstly, the user used 
the system with all components. Secondly, the user used the 
HMD and the data gloves, and thirdly used the headphone and 
the data gloves. Finally, the user used the HMD and the 
headphone. 

 
Fig. 7. The implemented system (a) and the screenshot of the game (b) 
 

C. Experimental Results 
 
As in Fig. 8, the result shows that there exists a difference 

of the average HRV between the traditional interface system 
and the proposed system. Users can be more absorbed in by 
using the proposed system and the immersion of the proposed 
system was verified via the experiment. Moreover, the result 
shows that the intelligent game agent affects the user’s 
immersion.  

Fig. 9 shows the HRV for each combination of the 
components. The combination with all components showed 
the highest HRV, and the combination with the HMD and the 
data glove held the second place. This result showed that the 
HMD which provides visual information influenced to the 
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user most strongly, and the data gloves the input interface of 
the user also influenced to the user secondly.

Fig. 10 shows the result of the questionnaire. The item 1 to 
3 get better scores than the traditional interface system. With 
this result, we can verify that the proposed system provided 
the enhanced immersion to the user psychologically

 

Fig. 8. Average HRVs for the traditional interface and the proposed 
interface (per minute) 

Fig. 9. Average HRVs with combinations of components of the proposed 
system (per minute) 
 

Fig.10. Result of the questionnaire for the traditional interface and the 
proposed interface 
 
However, the last item gets worse score th

system. This is caused because the participants were not 
familiar to handle the head tracking system and the data 
gloves system as their input system. 

V. CONCLUDING REMARKS

In this paper, we proposed and implemented the immersive 
interface system to enhance user immersive experience for
the FPS game on the VR system. The IR LED based head 
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ONCLUDING REMARKS 
proposed and implemented the immersive 

e user immersive experience for 
the FPS game on the VR system. The IR LED based head 

tracker and the data gloves are used as input devices for the 
user, and the HMD and the 5.1 channel headph
the output devices. Also, the intelligent game agent is applied 
to provide the high-quality game contents. 
interface system blocked unnecessary external information 
and help the user concentrate on the sensory information 
provided from the VR environment.

By the usability test with several participants, we 
confirmed that the proposed system showed 
improvement of the immersion th
system. 

However, we only focused on the immersion in this 
even though the functionality or the interest is also important 
for the VR based game system. 
immersive game system should be evaluated from different 
viewpoints for the future work. Moreover, other biological 
signals including such as the EEG and the EDR should be 
considered to evaluate the system.
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tracker and the data gloves are used as input devices for the 
user, and the HMD and the 5.1 channel headphone is used as 

Also, the intelligent game agent is applied 
quality game contents. The proposed 

interface system blocked unnecessary external information 
and help the user concentrate on the sensory information 

ed from the VR environment. 
By the usability test with several participants, we 

confirmed that the proposed system showed more meaningful 
improvement of the immersion than the traditional interface 

However, we only focused on the immersion in this paper 
even though the functionality or the interest is also important 
for the VR based game system. With these indicators, the 
immersive game system should be evaluated from different 
viewpoints for the future work. Moreover, other biological 

ding such as the EEG and the EDR should be 
considered to evaluate the system. 
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