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Abstract

The Uncanny Valley is a problem faced by computer graphics and animation companies today where realistic characters look disturbing due to how similar the characters look to the being the represent, and how they move.  Animated films like The Polar Express have been criticized for an unsettling viewer experience as a result of the Uncanny Valley.  Thus feature animations and games must be careful in choosing lifelike characters to avoid a negative response from audiences when viewing or playing as a character.
My project will explore the point at which the Uncanny Valley is experienced by creating an interactive web application that contains a realistic and stylized 3D anthropomorphic character.  Users of the website may alter the animations of these characters and possibly the setting and appearance of the character as well.  Based on their alterations, users will rate which combination of settings are the most natural for the characters and which combination is the most repulsive.  The user data will be gathered and visualized in a graph for analysis for when the Uncanny Valley is experienced.  By narrowing down what features of the character is most likely to cause a negative response from users is altered, animation and game companies can focus on these features to avoid such a situation.
1. INTRODUCTION
Characters in computer graphics and animation have become more and more realistic as graphics technology advances.  However, film and game-makers have found that when these characters become “too real,” they start to seem unsettling to audiences that view and use their products.  This problem is known as the Uncanny Valley, which refers to the point at which people are repulsed by how replicas (such as of humans), like the characters in animated films and games, become more like the being they represent in their appearance and actions.  
The Uncanny Valley was first described by Dr. Masahiro Mori in the field of robotics, regarding the fact that robots that are humanlike are disturbing to actual humans in their movements and appearance.  Though the Uncanny Valley referred to robots, the problem also applies to computer graphics and animation—specifically in projects that use photorealistic characters.  For example, the animated movie The Polar Express which contained realistic characters received criticism that the characters were too “creepy.”  Animated films and games that choose the photorealistic route in style therefore must be careful in how realistic the characters look and move in order to avoid repulsion from their audiences.  A solution to the Uncanny Valley problem would be very useful to these companies.  However, since a widely accepted solution does not yet exist to overcome the issue, many companies choose to avoid this problem.  They do so by using highly stylized rather than realistic characters.  Examples of this are characters in Pixar movies like The Incredibles, who appear cartoony, or the Na’vi characters in the movie Avatar who are humanlike yet fantastical as a reuslt of their blue skin, tails and large yellow eyes.
Dr. Mori hypothesized a graph representing the Uncanny Valley to give a sense of where people find things that are too lifelike (in both how they look and move) repulsive.  However, the graph is not very concrete, and therefore finding the exact place area where the repulsion occurs is difficult—also since the question is subjective.  Previous research in this area includes user studies where people rate how uncomfortable they are with an image of either a lifelike or partially lifelike human, or rate how emotionally invested they are in characters based on their motions.  For my project, I will use a web application to survey user reactions to two characters, one photorealistic and one highly stylized, based on some condition.  This could be, for example, their movements which could be based on motion capture for realistic actions.  There would be an interface for users to control the level of detail in the movements of the characters.  This would show, for example, if detailed, realistic movements of a stylized character would look unsettling for a user, and similarly for the opposite combination of a less detailed unrealistic action and a realistic character.  I could also focus the character motions on the face, concentrating specifically on facial animation.  Since there are so many different features of the face such as the eyes and mouth, I could explore how animating these features affects how an audience views a character (such as in eye tracking or in a character speaking).  Another condition could be the background of the characters.  That is, a photorealistic character in a stylized background (such as a cartoony or crayon background), or a stylized character in a photographic setting, and seeing the user reaction to these combinations.  In all of these cases there would be an interface for users to control the conditions, such as deciding the level of animation detail, or choosing backgrounds for different characters.  This would allow users to experiment with different combinations of realistic and stylistic settings and seeing which looks the most natural and least repulsive to the users.
Since this project involves many users, I would also survey the different groups of users and their reaction to the characters of the website to see if there is a correlation between groups and their reactions.  More specifically I would see if gender or age affects how people react to the realistic or stylistic characters.
This project makes the following contributions:
· The project will involve user studies to show what settings and combinations of motion or images of realistic and stylistic characters cause repulsion for viewers, and whether or not different groups of people (differing by gender or age) have different levels of repulsion.
· The resulting website of the project will allow for graphics/game companies to pinpoint details of characters and settings that bring up the problem of the Uncanny Valley so that they can be more readily addressed and fixed.
1.1 Design Goals

This project is designed for computer graphics and game companies to better address the problem of the Uncanny Valley when using photorealistic characters.  The goal of the project is to find when the Uncanny Valley poses a problem based on different conditions applied to characters and possibly the setting they are in.  In this way, companies could use the resulting tool to target the areas they need to work on to bring the best experience of characters in their films or games to their viewers/players, and therefore work more efficiently with ideally a better resulting product.  At the same time the project may explore whether highly stylized characters may cause discomfort for viewers when moving in a very realistic manner. 
1.2 Projects Proposed Features and Functionality

What features and functionality will you implement for your design project?
· Realistic and stylized version of a character
· Interactive website where users can alter conditions of a character or setting
· Data analysis and graph on website based on surveying users reactions to the characters after altering the different conditions of the characters and their settings
2. RELATED WORK
   Previous research has explored the Uncanny Valley and tested what different conditions would affect the emotional response of an audience.  
   McDonnell and colleagues [MBB12]researched how realistic and stylized rendering of a 3D model affects how the model is perceived.  That is, whether or not certain rendering styles would affect how negative a person views the rendered model.  They used motion capture and eye tracking for animating the model’s facial expressions.  In one way, they studied whether or not the style would affect the ability for a viewer to detect a lie.  However, the results state that no particular style of rendering affected this.  In another way, they measured how familiar and appealing characters in certain styles were, and found that movement strongly affected this, especially when there was an abnormal movement on a realistic character.  Finally, cartoon characters were found to be friendlier than realistic human characters.
   Hodgins and colleagues [HJoS*10] used vignettes of a fighting couple using different animations, such as animations with flaws (no eye tracking) or animation with disease conditions like tremors.  Motion capture, Maya and an eye tracker were used for animations.  Using these animations they would ask questions to rate viewers’ empathy while watching the vignettes, using questions like, “How angry was the woman?”  They found that animation did have an effect on the anger levels viewers recognized for each vignette.
   Seyama and Nagama’s [SN07] paper addressed the Uncanny Valley using a website for surveying user’s reactions.  They would morph human face images to images of a doll’s face and have users rate which images in the morphing transition images were unpleasant.  They found that the Uncanny Valley does occur in the users rating of the morphing images, however only occurs depending on the degree of abnormality of the face.
   My project will use a similar approach to Seyama and Negama in that I will be creating a web application as a base for my user study.  However, my conditions for testing the Uncanny Valley will be more similar to McDonnell and Hodgin’s studies, in that I may use different levels of animation to find when the Uncanny Valley emerges.  Like in McDonnell’s and Hodgin’s research I would use motion capture for the animation.  However, I would focus on body animation first and if time permits, work with facial animation and possibly eye tracking.  And, instead of analyzing user studies based on watching videos, my project would interactive, where they would be able to alter the condition (animation or background style) to find exactly the point at which the character appears repulsive to them. 
3. PROJECT PROPOSAL
My project will consist of an interactive web application where users can alter conditions of two characters, one realistic and one highly stylized.  By gathering the user data about what alterations cause a character to appear repulsive, I can target what areas graphics companies should focus on to avoid audiences experiencing the Uncanny Valley.  These alterations may be in animation or in the setting the character is in.
3.1 Anticipated Approach

I will use two models of one character, one very realistic and one highly stylized.  I may either model these characters or use a specific model downloaded online or borrowed from another student.  These models will be displayed on a website for users to interact with.  To display and interact with 3D models I could possibly use or modify JavaScript 3D model viewers like Thingview, with the addition of sliders or buttons to alter certain animations or settings.  Then I would use MySQL to create a database to store user information, such as gender, age, and the statistics for what conditions the user found the characters appealing or repulsive (which character and combination of conditions, such as a combination of body and eye movements, or only body movements).  I could visualize this information using the data in the database and creating a graph using JavaScript.
3.2 Target Platforms

I will use Maya to create/modify the character models and the Vicon system for motion capture to animate the characters. 
3.3 Evaluation Criteria

I would evaluate my project based on the user study data gather and compare it to conclusions made in previous research papers and see if any different or new information has come up as a result of the project.  The graph visualization data could also be compared to the Uncanny Valley graph that Dr. Mori composed.  I will also record whether or not groups of users (gender/age groups) have a correlation with the data on viewing a repulsive character.
 
Figure 1: Uncanny Valley graph composed by Dr. Masahiro Mori who hypothesized the Uncanny Valley.

4. RESEARCH TIMELINE

I will work on the project both in the fall and spring semester with the bulk of the project being completed in the spring semester.
Project Milestone Report (Alpha Version)
· Completed all background reading
· Proposed software framework (website) is functioning with simple base case (model appears on site)
· Created or collected the character models necessary for animation

· Collected motion capture data
Project Final Deliverables
List what you will deliver at the end of the semester

· Website displays character models
· Character models can be interacted with by sliders/buttons, mainly in how they move

· Website deployed and sample user data on repulsion of character gathered

· Graph visualization for user data
· Documentation

Project Future Tasks
· Create more character models based on different features, possibly make those features interactive (for example, making eyes larger)
· Facial animation and eye tracking if not achieved during the time frame of the project
5. Method

Fill in with description of method.
6. RESULTS

Fill in with results of project.
7. CONCLUSIONS and FUTURE WORK

Fill in with conclusions after completion of project.

APPENDIX

A. Optional Appendix 
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