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1. Introduction

1.1. Motivation

The magic mirror in a fairy tale can answer whatever questions you might ask. We can bring this idea into virtual reality and make it real. People use mirrors everyday to see how they look and choose clothes they will put on for a day before leaving home. Also in clothing stores, many mirrors are located to help customers make their decision to buy garments fitting well and looking good. In this sense, the magic mirror (a virtual dressing room) can answer your questions about the size-fitness of garments without physical don and doff time. That enables people to have their avatars, which are same sized and animated with users’ body movement through motion capture systems, try on garment items. This paper will focus the in-store magic mirror system rather than home-oriented.

1.2. Necessity

The needs for the magic mirror system are obvious. Firstly, benefits for customers are to save don and doff time and to measure their body measurements easily for made-to-measure garments. Customers commonly try on many items and spend lots of time to don and doff to purchase garments. It is very inconvenient for them to take garment items they want to try on, go to a dressing room, take off and put on whenever they find attracting garments. It also takes several minutes to measure their body size by hands with a measuring strip to get made-to-measure garments. Secondly, shop owners can save costs, because they do not need dressing rooms any more. Moreover, wasting clothes tried on by customers will be reduced. Moreover, the magic mirror system will attract customers by its convenience, easy interaction, realistic avatar simulation with various garments and backgrounds. Lastly, companies can provide customers with more suitable garments than before. In addition, 2D patterns of clothes will be automatically modified according to the customers’ body size, so the time consumed for designing and producing process will be shortened.  

2. Summary

The main issues to implement the magic mirror system consist of modeling and simulation for avatars and garments, avatar control and display devices. The basic guideline is that the magic mirror system should render images and respond users’ interaction in real-time. Moreover, it also should be a low-cost and easy-to-use system. 

2.1. Modeling and simulation for avatars and garments

The magic mirror system needs realistic avatar and garment models to enhance people’s presence. An automatic and low-cost modeling technique is required for this system. In addition, those models should be simulated in real-time. Thalmann et al [1] studied the problem and solutions to automatic modeling of animatable avatars with garments. A variety of avatar modeling techniques can be classified in to three major categories: creative, reconstructive and interpolated. While allowing for an interactive design, creative methods, however, require considerable user intervention and thus suffer from a relatively slow production time and a lack of efficient control facilities. Reconstructive approaches, which are based on stereo, structured light or 3D scanners, are effective and visually convincing, but it is difficult to modify resulting models to different shapes as the user wants. Interpolated modeling uses sets of example models with an interpolation scheme to construct new models. Avatar models are usually animated by SDD (skeleton driven deformation) method, which modifies every local joint matrix to calculate the positions of vertices on the surface of an avatar per every frame. 3D cloth models can be automatically created from 2D patterns, which are drawn by cloth designers. However, there are no successful methods to automatically drape avatars with 3D garments models.

For real-time cloth simulation, Thalmann et al [1] introduced a hybrid approach, which segments garments into pieces that are simulated by various algorithms, depending on how they are laid on the body surface and whether they stick or flow on it.

2.2. Avatar control

It is more natural and easier for users to control their avatars via their body movements than via basic input devices such as keyboard, mouse and joystick. Commercially available motion capture equipment, however, is far too expensive for common use and cumbersome, requiring the user to wear 40-50 carefully positioned markers and skin-tight clothing. Chai and Hodgins [2] introduced an approach to performance animation that employs video cameras and a small set of retro-reflective markers to create a low-cost, easy-to-use system. The cost is low because only two synchronized video cameras are required. The system is easy to set up and relatively non-intrusive because the user is required to wear only a small set of markers and can wear street clothes. The proposed system transforms low-dimensional control signals obtained from only a few markers into full-body animation by constructing a series of local models from a database of human motion at run time and using those models to fill in probable values for the information about the user’s motion not captured by the markers.

2.3. Display device

The cost of the magic mirror system should be low in comparison to conventional VR platforms (CAVE, VR Theater etc.) to have market value in consumer business. Kim et al [3] proposed the new VR platform magic mirror that is economic in development process and cost, flexible by contents and installation conditions. The magic mirror in their paper used video based virtual world instead of 3D models and simple 2D motion tracking method.
3. Magic Mirror

Magic mirror system scheme

3.1. System overview

The magic mirror system consists of template models and several databases for body, garment, motion and background. The system uses the example-based interpolation approach for avatar creation. This method modifies 3D template models for each gender into reconstructed model best matches the extracted silhouette from captured images. For the modification process, this system searches body DB where a collection of range scans of real human body is structured and statistically processed with PCA (principal component analysis), which is the effective mathematical procedure that transforms a number of correlated variables-vertices on body shape-into a smaller number of principal components. The reconstructed model is animated by motion capture system with small number of markers. At run time, the system finds motion examples that are a close match to the marker locations captured by the cameras from motion DB and modifies them to ensure smooth and natural avatar movement. Finally, the result model with garments and virtual backgrounds is rendered in real-time. 

3.2. Preprocessing

Template models: Two template models for each gender should be created and they also have the skeleton-weight scheme for instant animation via SDD. 

Body DB: The system constructs body DB with range scan data from 3D body scanners. The more data the system has, the more space the parametric body DB can represents. 

Garment DB: 3D garment models of all items in a garment store should be created for the template models. They are also represented for 2D patterns with draping information. The user can choose garments just by taking or touching garments where the RFID (radio frequency identification) has been installed.

Background DB: Garments are closely related to certain kinds of environment such as weather, place or events. For example, a customer wants to buy a dress for her wedding, a leather jacket for fall season or a swim suit for summer vacation, then the magic mirror system provides wedding place, road with fallen leaves or sun shining beach. Background is chosen by simple user interaction or automatically chosen by the types of garments.
Motion DB: People usually have posing motion such as walking, turning, standing and bending after putting on garments. Those sample motions should be recorded with a full set of markers to supplement incomplete information about the user’s motion from small set of markers to control avatar model.
3.3. Initializing process

Subject calibration: In order to capture their motion, the user is required to attach a few markers on body parts where joints information can get from such as hands, elbows, feet, knees and shoulders. Subject calibration ensures that the vision-based interface is robust to users of different sizes and to variations in marker placement.

Avatar creation: The customer stands in front of the magic mirror with “T” pose to take pictures of their body using two calibrated cameras. In order to reflect exact body size of users, they need to be lightly clothed. Once their avatars have been created, we can use them as long as customer’s body size does not change. 
User selection: The customer can choose garments and backgrounds to simulate with his avatar.
3.4. Real-time capture

As a user moves, the positions of a small set of markers change per every frame. This small amount of information about user’s motion is insufficient to decide the positions of all joints of an avatar. To complement it, the system built motion DB with common posing motions as mentioned in 3.2 preprocessing. 
3.5. Devices

The magic mirror system composed of two synchronized cameras attached to the sides of middle of the magic mirror, rear-projection system, display screen and a small number of retro-reflective markers as shown in the right figure. To provide the user with presence, the width and height of magic mirror should be bigger than any people. Therefore, 1.8m * 2.4m would be sufficient.
3.6. Others

Virtual shopping assistant: Just like the magic mirror in a fairy tale, we can make a virtual shopping assistant by adding voice interaction to give some advice. For example, the information of garments (price and sailing record), fashion tips and fitness of garments (you look gorgeous, a little bit tight or loose) will be very helpful for customers. 
4. Conclusion

This paper integrated three main papers into the magic mirror system which is a new VR application as a virtual dressing room. The system is economic and easy to install in a store. There exist many benefits from the magic mirror systems for customers, shop owners and companies, such as removing don and doff time, space saving and reducing wasting cloth tried on. The magic mirror system can be brought into home and used for on-line garments shopping. Current on-line shopping malls are mostly picture-based and customers are unsure of accurate sizing of garments. The magic mirror system can solve the sizing problem by having avatars trying on garments instead of themselves. It also makes people easier to choose garments for others as a present. With permission of using the avatars of friends or family, they can simulate it with various garments without being together with friends or family.
To enhance the magic mirror system, facial modeling and animation is the most important technology to be implemented. Significant amount of information is from face rather than from body of an avatar model. Other technologies this system needs are the automatic draping algorithm and avatar creation from photos without taking off garments. 
In addition, the privacy problem (abuse of avatars) should be considered as an important social issue in the future. 
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