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Abstract: As smartphones are getting smarter by the day, pervasive applications are rapidly becoming feasible. 
People access online resources all the time, this new versatility makes it possible for applications to target the 
persons surroundings. Augmented Reality (AR) presents a particularly powerful interface to the context-aware 
computing environments. FaceOffZombie is a Mobile Augmented Reality System (MARS) based game that takes 
you into the depth of the parallel universe by implementing the concept of Augmented Reality. The motive of 
FaceOffZombie is to survive from zombies that are detected by using the camera of the device. The player has to 
enter through a portal, into the parallel universe where they face the zombies instead of playing in the real 
world. The zombies can be destroyed by guns which can be picked by interacting with them. FaceOffZombie is 
being tested with users to evaluate the interaction concept and its other components regarding the performance 
will also be evaluated in the future to ensure the best gaming experience 
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I. Introduction 
As the scope of gaming on mobile devices is widening every day, mobile game developers have started using 
different technologies to improve the user experience and the gameplay such as Gyroscope of the device, 
Artificial Intelligence (A.I.), and Machine Learning (M.L.). Augmented Reality (A.R) is one such technology 
which is used to develop the application FaceOffZombie. FaceOffZombie is a First Person Shooter(FPS) game. 
As the name suggests, the player has to face the zombies with all their might.. What is Augmented Reality? 
Augmented reality is the technology that gives users the experience of viewing virtual objects that are placed in 
the real world. You can also interact with these object which gives the user a very REAL feel by just using the 
mobile device as the medium. This type of technology is very robust therefore, it can be used in almost every 
type of industries. Through A.R, a user can experience different scenarios, all with the touch of a finger. The 
camera of the mobile device is used to capture the world in real time and show a modified version of that on the 
display of the device. 

II. Background 
Augmented Reality is a booming technology of the era but, AR has been around for a very long time. 

As a matter of fact, the first piece of work on AR was done in the 20th century by Lyman Frank Buan. Lyman 
was praised for his exceptional work in The Wonderful Wizard of Oz but there was another piece of work 
published by him in 1901, he wrote a novel called The Master Key where he perceives a type of augmented 
reality where he talks about a character maker which is a set of electronic spectacles, when you view anything 
through them, the spectacles would show a letter on that persons forehead regarding their character. The 
protagonist also talks about how this technology is a century ahead of the times Over the last few years, AR has 
really come of age. Recently, it has been more than Snapchat filters on your mobile devices. From interactive 
and immersive surgical practices to helping fighter pilots find their targets irrespective of day or night, AR has 
been very useful for many industries and also steps foot in the matters of public as a whole. Given the progress, 
AR is only limited by imagination. 

III. FACEOFFZOMBIE 
This section discusses the problems with the current technology, game concepts and the research areas 

that opens up with the game to improve the interaction. Issues like surface tracking and lighting are also 
discussed. 
 
A. Problems: Despite the considerable advances made in the area of Augmented Reality, there are interaction 
limitations that still remain with the current technology, which in the FaceOffZombie game context represent the 
main research challenges that must be discussed and addressed. The main challenges are related to surface 
tracking, lighting, and cross-platform interaction between the devices.  
 
 1. Surface Tracking: The main difficulties with surface tracking in augmented reality is that with the 
current technology there are not many tracking techniques that provide accurate orientation and surface 
detection in an unprepared heterogenous environment.The challenges with surface tracking include the 
identification of real-world objects and the ability to hide the virtual objects behind the real world objects, this 
phenomenon is also called occlusion. 
Effects of occlusion: In an Augmented Reality system, the virtual objects are simply placed in the real world. 
When a real-world object is in the LOS of a virtual object, the Augmented Reality system should occlude the 
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virtual object accordingly but most of the technologies used today cannot solve this problem which as a result, 
affects the user experience. 
Working around occlusion: The main goal of occlusion in Augmented Reality is to maintain the basic rules of 
line of sight i.e. if there is a real-world object in the LOS of a virtual object partially or fully covering it then the 
virtual object should be occluded correctly. To resolve the occlusion problem these 3 main functions must be 
kept in mind: Sensing the 3D structure of the real world. Reconstructing a digital 3D model of the world. 
Rendering the model as a transparent object that hides the virtual objects. Currently, there are 2 main approaches 
being used to resolve the issue of occlusion:  

I.Model-Based Approach  
 II. Depth-Based Approach 

 
Model-Based Approach: This Approach is usually used when the environment is fully known and completely 
understood so that a 3D model of the real world environment can be integrated into the AR system. The process 
of occlusion is depended on the information received from both, the real world objects and the virtual objects. 
As the information is already incorporated in the AR system so the occlusion process becomes much easier. In 
this approach, a single camera is sufficient to make the Augmented Reality work. 

Fig. 1 Model Based Approach 
The face filters used in the Snapchat are a really good example of the Model-Based Approach and the same can 
be seen in figure 1, the money-emoji floating in the air is occluded in front of the face as Snapchat has 
integrated a 3D model of a face that can be detected in the app and the filter can be applied. Although being an 
easy approach to implement, Model-Based approach has some limitations which are cover by Depth-Based 
Approach 
Depth-Based Approach: This approach is rather complex, but really comes in handy when there is no prior 
information about the terrain. In this approach unlike the Model-Based Approach, two or more cameras are 
required to determine the depth of the real world and integrate the virtual objects as per the positions of the 
objects in the real world.  
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Fig. 2. Depth Based Approach  

The above images are an example of Depth-Based approach. In these images, the application detects the sky and 
the images are modified and occluding the rest of the objects in the image.  

 2. Lighting: To make an Augmented Reality application seem more realistic, the virtual objects must 
be indistinguishable from the real world objects. This is achieved by giving the virtual objects proper shadows. 
Lighting and illumination both play a major role in AR applications, as a basic Augmented Reality system 
requires lighting to detect the surface and orientation of the virtual objects to be placed in the real world. Light 
helps the AR system to interpret the objects within the space, and shadows help the system in depth perception. 
Shadows also play a major role in improving the user experience as it makes the virtual objects a real-world 
touch.  

Fig. 3. Lighting and shadows  
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The algorithm for the operations performed in the above figure is:  

  i  Create shadows of the virtual objects. 
 ii  Subtract the real object shadows from the virtual world.  
iii  Superimpose on the real images. 
iv  Render the virtual objects receiving shadows. 

B: Game Concepts: Everyone fantasizes about surviving a zombie apocalypse at least once in their life. So 
now, using the concepts of augmented reality(AR), we can bring this fantasy to the dawn of living, unlike the 
zombies. We have recreated a scenario where the main goal of the player is to survive to the best of their 
abilities using various useful items that are found throughout the game such as weapons can be found which can 
be used to crowd control the zombies. Medikits are also placed throughout the map which can be used to heal up 
to face the zombies again. Use your skills to survive the Zombies of the virtual world by any means necessary 
but beware of the dark coz thats when the zombies come in number.  

Fig. 4. Start Screen of the game 

IV. Related Work 
Proximie is a telehealth augmented reality based company that provides tools for doctors to bring them 

together and deliver quality health care services to the patients. The idea of proximie is to connect doctors such 
that they can exchange ideas to make, skill building as well as teaching and remote proctoring. All that proximie 
requires is an active internet connection be it wireless, wired, 3G, 4G. The professional impact that it has on the 
plastic surgeons is that they were able to learn techniques but with guidance in real life. During the course of the 
procedure, doctors can help each other by putting their hands and instuments into other doctors surgical field in 
real time to show maybe more efficient way to do surgical steps just by using the technology of Augmented 
Reality 
V. Conclusion & Future Scope 

The following research paper describes FaceOffZombie, an Augmented Reality powered application. 
Our goal is to use the camera lens as an interaction mechanism which in this case is picking weapons, shooting 
zombies and interacting with the zombie-verse. With these techniques, we were able to create a separate 
universe which is both similar and different at the same time. The application has been evaluated on the basis of 
performance, usability and gaming experience. From the performance test result, we concluded that the game 
worked smoothly on multiple mobile devices. The usability and gaming experience results make us believe that 
the majority of users were quite pleased with the game and the overall gaming feel. Similar tests will be 
conducted in the near future to ensure the best experience of both the worlds. FaceOffZombie team is also 
considering to upload the beta version of the application on the market for further improvements. Through 
FaceOffZombie, we are trying to provide a stress-busting environment. Finally, it would be in our best interest 
to explore Augmented Reality in all of its depth as it is the future of technologies. 
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