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Abstract

In this paper we propose a production process of a VR animation using game engine. As the developing of VR devices and the proliferation of high-performance smart phones virtual reality (VR) is becoming a hot issue in recent years. As a new form of the game VR have been able to provide game contents a strong feeling of immersion, but a variety of considerations are needed to provide real-time motion capture data and realistic contents. Therefore, in this paper, we propose a content production workflow that can be referenced by people who want to create VR contents based on HMD and game engine. In order to demonstrate its usefulness, we have also created and presented a situation using everblock.

VR;animation;game engin (key words)
I. Introduction 
Virtual reality (VR) is a medium composed of interactive computer simulations that sense the participant's position and actions and replace or augment the feedback to one or more senses, giving the feeling of being mentally immersed or present in the simulation (a virtual world). There are four key elements of virtual reality experience. They are virtual world, immersion including mental immersion and physical immersion, sensory feedback and interactivity. 
A computer-based virtual world is the description of objects within a simulation. We view that world via a system that brings those object and interactions to us in a physically immersive, interactive presentation. In discussions of most media, "being immersed" generally refers to an emotional or mental state - a feeling of being involved in the experience. In the medium of VR, however, we also refer to physical immersion as the property of a VR system that replaces or augments the stimulus to the participant's senses. Unlike more traditional media, VR allows participants to select their vantage point by positioning their body and to affect events in the virtual world. these features help to make the reality more compelling than a media experience without these options. Sensory feedback is an ingredient essential to virtual reality. The VR system provide direct sensory feedback to the participants based on their physical position. For virtual reality to seem authentic, it should respond to user actions, namely, be interactive. Thus, another necessary component in the full definition of virtual reality is interactivity. Interactivity comes more readily with the addition of the computer to the equation. Alternate realities supported by computers include games, computer simulations of natural and unnatural phenomena, and flight simulation[1].
Although virtual reality became a hot issue and became developing rapidly in recent years, it has a long history. The first HMD (head-mounted display) is patented in 1916, and an early adoption of virtual reality technology was a flight simulation which is aimed at training a pilot at a stationary (indoor) location in 1929[2]. Now the VR technology is developing in all kinds of fields, such as tourism, education, game and film. More and more VR applications show up which presents a new world with more possibilities. In the film and animation field VR technology has brought a new viewing experience with the 360-degree videos. For example, a 360-degree immersive animation called “INVASION!” which is made by Baobab Studios in 2016 showed us an interactive movie which is universally appealing. The experiencer became a character in it and audiences felt more immersive than merely watching the scene roll out on a video would have been.
As a new and developing technology VR animation or film still needs more trials and tests to improve its production methods and forms of expression to become more mature. Unlike the common 360-degree videos we will show a different way of production process for a VR animation using game engine and HTC Vive in this paper.
II.Production Process
The main production process of this VR animation(e.g., “Fig. 1”) includes the environment setting, scene setting, motion capture animation and real-time motion capture. The detail process of the four parts will be showed below.
[image: image1.png]Main Production Process

Environment Setting

Vive Setting Play Area Setting

Scene Setting

|4l

Modeling Setting in Unity Interaction Setting

|4l

Motion Capture and Animation

Shoot Motion Capture Data Modify Motion Capture Data

) 4

Real-time Motion Capture

Set up Server Program Set up Client Program





Fig. 1 The main production process of the animation.
A. Environment Setting

In order to build up this experiential VR animation, we used the Vive VR devices which are producted by HTC company. The HTC Vive devices mainly include a headset with 2160*1200 combined resolution and 32 sensors for 360˚ motion tracking, 2 controllers having 24 sensors for accurate tracking, and 2 base stations which make all the tracks possible.
All the Vive devices are connected like Fig.2. The HTC Vive works after connecting to a computer and the base stations can only track in a length and width are all 4.5 meters area which means the VR experience mustn't go beyond the play area that is required.In case of that we designed the main room in computer like the picture below whose walkable area is just under the requirement. 
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Fig. 2 Vive Setting
We builded the test site in the middle of a room using everblocks to make the room layout to be seen in the real world. Because the sensor tracking can be affected the wall made by the everblocks is only 30 centimeters high (e.g., “Fig. 3”). Experiencer will know a general route before they experience the animation in a HMD. Due to the limitations of the equipment the whole play area is only three meters by three meters. 
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Fig.3 Play area setting with everblocks
Since the play area is not big enough we made the main room a two-floors building connected with an elevator to double the area. Fig.4 shows the floor plan of the room. The experiencer can get to the second floor using the elevator just like in real life.
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Fig. 4 The floor plan of the room
B. Scene Setting

This VR animation tells a story that one day you (The experiencer) received a rescue letter from an unknown girl. She said she was trapped in another world and couldn't get out and she needed your help. When you went to the other world you found that the building was full of danger and in the end you was pushed down the cliff by a zombie.

The whole animation contains three scenes. The first scene is a start scene in which you can hear the rescue letter from the girl. The second scene is the first floor of the building, and after taking the elevator you will get to the second floor which is the third scene.
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Fig. 5 Scene setting in unity.
After the pre-production such as modelling and texturing we started to set up the scene in unity(e.g., “Fig. 5”). The two floors have almost the same structure. In the section of elevator we set several buttons such as "going up" and "second floor" are just like in real world. You can have some interactions with the buttons by using the Vive controllers. When you push the "going up" button in front of elevator the elevator door will open and when you push the "second floor" button in elevator you will go from the first floor to the second which means the scene will be changed. Fig.6 is the picture of the interactions with elevator.
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Fig.6 Elevator button set up in unity.
C. Motion Capture and Animation

In order to make the animation more realistic we used motion capture instead of key animation. Most part of character animation in this VR contents was made by the Optitrack motion capture system. Motion capture is the process of recording a live motion event and translating it into usable mathematical term by tracking a number of key points in space over time and combining them to obtain a single three-dimensional representation of the performance. In brief, it is the technology that enables the process of translating a live performance into a digital performance.
Motion capture in the entertainment field is the descendent of rotoscoping, a technique still used by some traditional animation studios to copy realistic motion from film footage onto cartoon characters since 1915. And in the late 1970s and early 1980s motion capture was first used in computer graphics. After decades of development motion capture technology has become a indispensable part for film and animation production. Even it made the body tracking possible in the VR system[3].

Optitrack motion capture systems typically work by attaching retrore-flective markers to the robots, and using special cameras that illuminate the scene with infrared (IR) light. These cameras observe the light reflected from the markers through an IR filter, allowing them to efficiently locate the markers in the scene using simple image processing algorithms[4]. 
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Fig.7 Locate the markers on actor's
Before shooting the animation take we should set up and calibrate the motion capture studio space with the calibration wand and ground plane calibration square. Then after the actor wearing the motion capture suits with all the markers on the right place as Fig.7 we can start shooting a take by a starting T-pose.
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Fig. 8 Shoot a motion capture data
After shooting we will get a motion capture data for the animation(e.g., “Fig. 8”). Then retarget the data to our character and modify it in Maya or MotionBuilder (e.g., “Fig. 9”). After all these processes we will get the final animation fbx file to be imported into unity. Because the animation is made in a game engine we made the character animation running by triggers instead of by times. It means your actions will lead to a feedback which will give you a stronger sense of participation in this contents.
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Fig.9 Retarget and Modify the motion capture data in MotionBuilder and Maya.
D. Real-time Motion Capture

The end of this story we designed a plot that the experiencer be pushed down the cliff by a zombie. It would be the most amazing and important part. In order to achieve a good effect, we used motion capture. The zombie would be acted by a person in the motion capture suit using the real time full body motion capture. The Optitrack motion capture system made it possible by the optitrack unity3d plugin to transport motion data from motion capture system to unity in real time(e.g., “Fig. 10”). 
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Fig.10 Streaming tracking data into Unity
After the motion capture device and software are set the actor's performances will be displayed in real time in the animation which means you can see the performances done by 3d character. Finally the result you will see in Vive devices was the zombie which is acted by human pushing you down and you can not only see the zombie but also feel the touch. It is a important part and because of the touch it will gave you a very strong sense of reality. The game engine gives the experimenter a strong sense of immersion. And combined with motion capture system VR brings a new watching experience with tactile. The following will show you the specific software workflow about real-time motion capture in unity.
The  optitrack unity3d plugin contents are distributed in a unitypackage format and you can load this file into Unity projects. Once imported, the included C# scripts can be attached to Unity objects for instantiating a client and receiving the tracking data.
To stream full body skeleton data in real-time you should set up both server and client programs. Server program is the Motive for motion capture system set the Stream Rigid Bodies, Stream Local Rigid Bodies, Stream Skeleton to be true, and set the Skeleton As Rigid Bodies to be false. Then change the Transmission Type to Unicast(e.g., “Fig. 11”).
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Fig. 11 Data Streaming settings in Motive.
And in unity we use the plugin unitypackage file  and import the plugin assets into the project to create a client object. A client object can be designated by attaching OptitrackStreami-

ngClient.cs script(e.g., “Fig. 12”). This script receives the tracking data from the connected server application and makes the data available within the scene.
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Fig.12 Client object in Unity and the corresponding Motive data streaming network settings.
On Unity characters, attach OptitrackSkeletonAnimator.cs 
script as one of its components(e.g., “Fig. 13”). Change and link the properties right then the  real-time streaming of motion tracking will work well[5].
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Fig.13  OptiTrack Rigid Body configuration along with the rigid body properties in Motive.
III.Conclusion
In the above we showed a production process of VR animation made by game engine. It's a new attempt at animation which made the form of animation expressions closer to a game. It will give the experimenter a stronger sense of immersion and they can experience in the animation and even be a part of it. The experimenter's action would trigger the animation which would make the running time and story line be uncertain. Unlike the 360-degree videos the animation using game engine made the camera can not only rotate 360 degrees, but also move around in the scenes. That means the experiencers can turn around their heads，and walk around in the play area. They will have more freedom and can observe every corner of the scene according to their own wishes. More freedom will bring the experiencer more reality and they will feel no difference compared with in real life. 
The 360-degree videos always have a problem with resolution. The low resolution will make the experiencers uncomfortable and cause dizziness. Since the game engine renders in realtime it is a good solution to this resolution problem. You can clearly see every frame of the animation when you turn around your head or even walk around in the scene.
Accompanied by the advantages there are also some problems with this kind of VR animation using game engine. In a film the director tells a story in avariety of ways such as editing techniques and camera language. But in this kind of VR animation your eyes become the camera so there will be no lens language or editing effects to increase the atmosphere or suggest a plot. You have to design a plot, an animation or something else to convey a message to the experimenter when it is necessary. When the people experienced in this VR animation，we found that they sometimes hesitated in the scene. They looked around but didn’t know which way to go even if there was only one way. The interaction we designed on elevator are also be missed. To solve that problem we added some hints arrows in the scene which might help experiencer to find the right way and notice the interaction we set. But it is still not the perfect solution and more attempts are needed. Send information to the experimenter, and make them do the right things at the right time and let them see the right direction as you expected. That will be the part we need to improve and work on in the future.
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