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Abstract

The goal of our research is to support the sharing of stories with digital photographs. Some map sites are now collecting stories associated with peoples' relationships to places. Users are mapping collections of places including intangible emotional associations of places along with photographs, videos. Though this framework of mapping stories is important for accelerating individual creation and transmission of map content, it is not expressive enough to communicate stories narratively. For example, especially when the number of the mapped collections of places is large, it is not easy for viewers to read the map, and it is not easy for creators to express stories as series of events in the real world. That is because one narrative story in a form of a sequence of text narrations, a sequence of photographs, a movie, and an audio like podcasting, etc. is mapped to just one point. As a result, it's up to the viewers which point on the map to read, and in what order. The common framework is rather suitable for mapping and expressing fragments or snapshots of a whole story, and not suitable for expressing a whole story narratively by using a whole area of a map as the setting of the story. We therefore propose a new framework for mapping personal photo collections and constructing them as stories such as route guidances, sightseeing guidances, historical topics, fieldwork records, personal diaries, and so on. We named this framework as spatial slideshow. A spatial slideshow is a fusion of personal photo mapping and photo storytelling. Each story of a spatial slideshow is made of a sequence of mapped photographs, and presented as synchronized animations of a map and an enhanced photo slideshow. The main technical suggestion of this paper is a method for creating a three-dimensional animation of photo image which has a visual effect of moving from photo to photo. We have developed a personal photo album software and released it on the Web, which works as an editor and a browser of spatial slideshows. We assume the proposed framework has a significance of helping with grassroots development of spatial content driven by visual communications about places or events in the real world.
Keywords: Photo Storytelling, Photo Mapping, Photo Sharing, Animation, Visual Communication
1. Introduction

The goal of our research is to support the sharing of stories with digital photographs. We assume that leads to grassroots development of spatial contents driven by visual communications about places or events in the real world. Digital cameras including camera phones continue to spread as ever-present, pervasive imaging devices as declared in [1]. People now hold a certain amount of digital photographs and share them in various ways including via email, blog, Web page, and so on. Meanwhile digital maps on the Web have become popular, which let people build their own collections of places and publish them on the Web easily as declared in [2]. There are some services and applications for organizing personal photo collections by using digital maps. We have also proposed a new framework of personal photo mapping [3], [4] including a method of spatial search, spatial visualization, and label sharing in aiming to support photo sharing. As described in [5], one of user requirements for a range of future photo sharing technologies is to support storytelling with digital photographs. In fact, one of the most common purposes of photo sharing is story sharing, that is, sharing of personal stories about experiences, travels, friends and family. Actually we usually attach comments or narrations when sending photographs via email or showing them on the Web. Some map sites such as [6] are now collecting stories associated with peoples' relationships to places. Users are mapping collections of places including intangible emotional associations of places along with photographs, videos. This framework of mapping stories is important for accelerating individual creation and transmission of map content. Actually, there are increasing numbers of user-created maps on the Web. However the common framework of mapping stories is not expressive enough to communicate stories narratively. This is the main problem we address in this paper. For example, especially when the number of the mapped collections of places is large, it is not easy for viewers to read the map, and it is not easy for creators to express stories as series of events in the real world. That is because one narrative story in a form of a sequence of text narrations, a sequence of photographs, a movie, and an audio like podcasting, etc. is mapped to just one point. As a result, it's up to the viewers which point on the map to read, and in what order. The common framework is rather suitable for mapping and expressing fragments or snapshots of a whole story, and not suitable for expressing a whole story narratively by using a whole area of a map as the setting of the story. From the aspect of photo storytelling, [7] declares that their user tests of a photo album software reveal that people alternate between "photo-driven" and "story-driven" strategies when telling stories with their photographs. In photo-driven storytelling, the subjects explains each photo in turn, and narrations often comprises "This is my child," "This is my parents at home," etc. In story-driven storytelling, the subject has a particular story in mind (e.g. "my camping trip"), then gathers the appropriate photographs and recounts the story. According to this categorization of storytelling, story-driven storytelling is difficult in the common framework of mapping stories. In contrast, slideshow is a common way of story-driven photo storytelling. There are many popular software such as [8], [9] for creating and editing slideshows, and many online photo album services also have simple functions for creating slideshows. With these backgrounds, we propose a new framework for mapping personal photo collections and constructing them as stories such as route guidances, sightseeing guidances, historical topics, fieldwork records, personal diaries, etc. We named this framework as spatial slideshow. A spatial slideshow is a fusion of personal photo mapping and photo storytelling. Each story of a spatial slideshow is made of a sequence of mapped photographs, and presented as synchronized animations of a map and an enhanced photo slideshow. The main technical suggestion of this paper is as follows:

· A method for creating a three-dimensional animation of photo image which has a visual effect of moving from photo to photo.

We have developed a personal photo album software, and implemented our proposing method on it. It works as an editor and a browser of spatial slideshows. We have released the software on the Web, and acquired spatial slideshows created by users. The remaining part of this paper is constructed as follows: A spatially organized photo data, which is a basic unit of this study, is defined in Section 2. A structure and characteristics of a spatial sideshow are described in Section 3. A sample slideshow created by a user of our prototype software is also shown in the section. A method for making animations of spatial slideshows is explained in Section 4, which is the main idea of this paper. An implemented prototype system is introduced in Section 5, and some concluding remarks and future works are described in Section 6.
2. Data Structure
This section defines data structures and geometric models of photo vector (Section 2.1) and photo billboard, and describes how to generate those data (Section 2.2). A basic unit composing a spatial slideshow is a photograph placed in geographic space. We use two different representations for it, a photo vector and a photo billboard. In short, a photo vector is a map symbol and a photo billboard is a component of spatial slideshow animation. It's important that both a photo vector and a photo billboard are generated by hand easily.
2.1. Data Structure

§ Photo Vector

A photo vector is a geographic feature representing a photograph. We use a photo vector for mapping a photograph. It is visualized as an arrow from where to where the photograph was taken. A photo vector is defined as follows:
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 is the viewpoint. It is the position of the camera at a time when the photograph was taken. 
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 is the gazing point. It is the focused position of it. Figure 1 shows a geometric model of a photo vector.
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Figure 1. Photo Vector

From the aspect of a map symbol, photo vector is a simple but expressive one, for an arrow is a symbol which has directionality. For example, a moving animation of a photo vector represents not only translational movement but also various movements as rotational one. From the aspect of a spatial data, when a photograph is represented as a photo vector, the position and the direction of the photograph are represented. In other words, those photographs are location-and-direction stamped.

§ Photo Billboard

A photo billboard is a three-dimensional object placed in geographic space. We use it for a component of a three-dimensional animation of a spatial slideshow as described in Section 4. It is a rectangular plane textured with a photograph. A photo billboard is defined as follows: 
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     : Photo Billboard

Both 
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 and 
[image: image7.wmf]j

 are the view angles. A change of a view angle corresponds to a change of zoom ratios. Figure 2 shows a geometric model of a photo vector.
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Figure 2. Photo Billboard

It is different from an image plane, which is generally used in Computer Graphics. An image plane is a rectangular plane of a CCD itself. Therefore it is placed at position of the CCD, and the size is that of the CCD. In contrast, as shown in Figure 2, a photo billboard is placed at the position of the object of the photograph, and the object is projected in full size onto it.

2.2. Data Generation

At the present time, we assume they are generated by hand., both a photo vector and a photo billboard are generated by drawing an arrow on a background map. In our framework, a user draws an arrow on a background map for mapping a photograph. The arrow is the photo vector of the photograph. That means the value of the viewpoint and the gazing point are generated. For deciding the photo billboards, values of view angles are needed in addition to them as shown in Table 1. Exif [10] is a widely used standard for storage of information about cameras, images and shooting conditions within JPEG and TIFF image files. Almost all digital cameras generate Exif information now. Though view angles themselves are not recorded in Exif information, they are calculated by using CCD size and focal length, which are recorded in Exif information as follows:
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 is view angle, 
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 is width of the CCD, and   is focal length. Figure 2 shows the spatial relationships of these values. Even though generated data by hand drawing doesn't seem precise, it is enough for the purpose of our research, i.e. creating spatial slideshows for telling stories with places. We assume that in the near future photo vectors and photo billboards may be generated automatically by digital cameras with spatial sensors such as GPS, electric compasses or gyro compasses. Such digital cameras have already been sold.

Table 1. Data Generation

	
	element
	how to generate

	Photo Vector
	Viewpoint
	From an arrow drawn by a user on a map

	
	Gazing Point
	From an arrow drawn by a user on a map

	Photo Billboard
	Viewpoint
	From the corresponding photo vector

	
	Gazing Point
	From the corresponding photo vector

	
	View Angle
	Calculated with Exif information


3. Spatial Slideshow
A spatial slideshow is a slideshow of photographs placed on a background map. Photographs of a spatial slideshow are arranged as follows:

· mapped to photo vectors on the background map

· lined up in the order of the storyline of the slideshow

· attached with text narrations

In other words, in order to create a spatial slideshow all by hand, Users map photographs to photo vectors by drawing arrows on a background map, and lined them up in the order of the storyline of the slideshow. From the aspect of photo storytelling, a spatial slideshow visualizes stories on a map as spatial shapes such as routes. From the aspect of photo mapping, a spatial slideshow gives mapped photographs an order for viewing as the order of the storyline.
§ Sample

We have released software for editing and playing spatial slideshows as described in Section 5, and acquired about 100 spatial slideshows created by users until now. Types of stories created by users are route guidances, sightseeing guidances, historical topics, fieldwork records, personal diaries, and so on. Here we show an example of a spatial slideshow created by a user. The title is "Climbing Mt. Tsukuba." Figure 3 shows an abstracted photo sequence composing the spatial slideshow. All these photographs are mapped as shown in Figure 4. The sequence is composed of 36 photographs in total. The spatial slideshow is a record of a short trip, climbing the mountain to see autumn red leaves. The story line is as follows: One day the creator wanted to see autumn red leaves and went to Mt.Tsukuba, not so far from Tokyo, Japan (Frame 1-4. Though he climbed up to the middle of the mountain (Frame 5-8), there are no autumn red leaves (Frame 9-14). Moreover the wind got so strong (Frame 15). So he gave up and went down the mountain (Frame 16-18). But finally he found out autumn red leaves at the bottom of the mountain (Fame 19-22).
[image: image121.emf]Photo

start

Photo

end

elapsed time t 0 T


Figure 3. Photo Sequence of Spatial Slideshow
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Figure 4. Photo Vectors of Spatial Slideshow

§ New Feature

A spatial sideshow has the following new features.

(a) New visual expression

(a-1) Spatial slideshow animation

(b) Complement between photo storytelling and photo mapping

(b-1) Semi-automatic creation of story parts (photo sequences)

(b-2) Semi-automatic photo mapping

(a) New visual expression

The spatial slideshow animation, explained in detail in Section 4, is the main idea of this paper. It is a synchronized animation of map and photo image. Visual continuity is important for visual media in order to prevent the viewers from confusing or getting lost. A spatial slideshow realizes visual continuity based on spatial continuity. To be more precise, a story as a whole is visualized as a spatial shape on a map, and while it is played, about where and what direction the story is telling is visualized on the map by an arrow of a photo vector. In addition, the progression of the story is also visualized as movements in a space which is the setting of the story by a visual effect in transitions between photographs composing a slideshow. There are many slideshow softwares for photo story telling, and offer various transitional effects as one of important functions for customizing and personalizing slideshows. A spatial slideshow animation offers a new type of transitional effects, which is a three-dimensional animation of photo images as if moving toward the next photograph in three-dimensional space. A spatial slideshow enables a map as a push media in the meaning that the viewer passively receives the information. A clickable map, i.e. a digital map with POIs (Point of Interests) is a pull media in the meaning that the viewer selects a POI on the map mainly by searching and browsing. In contrast, a spatial slideshow gives mapped photographs an order for viewing as the order of the storyline. Therefore we can view mapped photographs in a suitable order decided by the map creator without selecting or searching. 
(b) Complement between photo storytelling and photo mapping

Photographs composing a spatial slideshow are placed both on a map and on a storyline. That enables semi-automatic creation of story parts and semi-automatic photo mapping. These methods help with editing spatial slideshows. We will describe them in detail in another paper, and present the outline below. A user creates a slideshow by choosing and sequencing photographs in the order of a storyline based on a scenario. Some parts of a photo sequence are constructed based on some kind of continuity such as temporal continuity, spatial continuity, thematic continuity, and so on. An important temporal continuity is time series, and a major thematic continuity is cause-and-effect relationships. Examples of spatial continuity are a walkthrough sequence, a panoramic sequence, a sequence looking around an object or a place, and so on. Therefore we can create photo sequences composing a spatial slideshow by selecting and sorting photographs according to machine-processable values such as shooting time, position or direction and so on, and that means a semi-automatic creation of story parts. A spatial slideshow does not only play back one's visual experience in the way they see in the real world. It is different from a video movie which isn't edited. It is not enough to line up all photographs only in time series because creators sort photographs according to their scenarios. In fact, not all the part of photo sequences are lined up in the order of shooting times. In the case of the last example spatial slideshow, though photographs of Frame 19-21 in Figure 3 are panoramic sequence turning around clockwise, the user actually took those photographs in different order. He took photographs hear and there, and lined up them in the order of panoramic sequence in creating the spatial slideshow. Creators also use photographs taken by others or found on the Web.
4. Spatial Slideshow Animation
This section explains a method for making animations of a spatial slideshow. A spatial slideshow performs the following two kinds of animations: 

(a) Two-dimensional animation of a photo vector on a background map (Section 4.1)

(b) Three-dimensional animation of photo images on a slideshow canvas (Section 4.2)

These animations are played in transitions between two photographs in playing a slideshow, and are synchronized as shown in Figure 5. We also describe patterns of spatial slideshow animations (Section 4.3). Section 4.2 explains an animation between 2 photographs, while Section 4.3 is about animations through multiple photographs.
4.1. Photo Vector Animation on Map

In an animation of a photo vector on a background map, we gradually move and change the shape of the photo vector from the starting one to the ending one as shown in Figure 5. In other words, the animation is a simple morphing between two photo vectors. The animation is realized by computing and drawing a virtual photo vector per frame by using the starting one and the ending one. We define the stating photo vector 
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: Photo Vector at the beginning of animation
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: Photo Vector at the end of animation 
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: Photo Vector at elapsed time 
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 is elapsed time from the beginning of the animation, and 
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Figure 5 shows the spatial relationships of 
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. In order to make the motion smooth, we begin the motion slowly and accelerate it toward the middle of animation, then decelerate the motion toward the end of the animation. Therefore we compute 
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Figure 5. Computing Virtual Photo Vector

4.2. Photo Image Animation
In an animation of photo images on a slideshow canvas, we draw a movie moving in a three-dimensional space from the starting photograph to the ending photograph as shown in Figure 6.
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Figure 6. Photo Image Animation and Photo Vector Animation

It is realized as the animation of photo billboards. In addition, the starting photograph gradually becomes transparent, and the ending photograph becomes opaque in the animation. It is realized by controlling transparencies of photo billboards. The following part of this section describes the method of animating photo billboards and controlling transparencies respectively.

§ Photo Billboard Animation

We realize the animation of photo images by placing the old photograph and the new photograph as photo billboards in a three-dimensional space, and drawing the sequential view from a moving virtual camera on the slideshow canvas. At the beginning of the animation, the virtual camera is placed so that the starting photo billboard is seen in full size of the slideshow canvas. It gradually changes the position, direction and the view angle toward those of the ending photo billboard, and finally the ending photo billboard is seen in full size of the slideshow canvas at the end of the animation. We define the stating photo billboard 
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: Photo Billboard at the beginning of animation
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: Photo Billboard at the end of animation
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 are view angles. All these are known values. Then we define a virtual photo billboard at elapsed time 
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: Photo Billboard at elapsed time 
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Then we make a view at elapsed time 
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 by projecting each pixel of photo images on photo billboards to the image from a virtual camera at elapsed time 
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in the following description, and those animations are synchronized. We define each pixel of a photo image on a photo billboard as follows:
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: original pixel coordinate on a photo image
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: geographic coordinate as a point on a photo billboard
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: pixel coordinate on an image at elapsed time 
[image: image83.wmf]t


A relationship between image coordinates and geographic coordinates is expressed by so-called colinearity equations [11] as follows:
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Formula (8) is transformed as follows:
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 is a focal length. 
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 is a rotation matrix which rotates the view direction to the Z-axis of the absolute coordinate system. 
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 is a viewpoint. By substituting a distance between a viewpoint and a gazing point for 
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, each pixel of a photo image is placed on the photo billboard defined by the viewpoint and the gazing point.
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The width of the photo billboard is computed as follows:
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By using the formula (8), (12), and (13), geographic coordinates 
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 is a rotation matrix which rotates 
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[image: image102.wmf]t
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 in the formula (15) and (16) is computed as follows:
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[image: image104.wmf]w

 is the pixel width of the image of the virtual camera. It is the width of the slideshow canvas. 
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§ Transparency Control

At the beginning of the animation, the starting photo billboard is completely opaque and the ending one is completely transparent. Then the starting one gradually becomes transparent, and the ending one becomes opaque in parallel. These half-transparent photo billboards are overlaid. At the end of the animation, the first photo billboard disappeared and the ending one absolutely appeared. This is a common visual effect of photo images in slideshow applications in transitions between photographs. We apply the effect to photo-textured objects in three-dimensional space, i.e. photo billboards. We use 
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 We decide transparency of the staring photo billboard 
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 and that of the ending one 
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 at elapsed time 
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 from the beginning of the animation as follows:
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4.3. Patterns of Spatial Slideshow Animations
Spatial slideshow animation offers visual effects representing many kinds of movements in the real world. What kind of animation is made by particular photo vectors depends on how those photo vectors are placed on a background map. Figure 7 shows patterns for spatial slideshow animations and placement patterns of photo vectors composing them. 

(a) Walkthrough Animation

A walkthrough animation is along some route. It appears the most frequently in spatial slideshow by users compared to other patterns, and often used as trunks of spatial slideshows. 

(b) Panoramic Animation

A panoramic animation is that of looking around from a position. Starting points of composing photo vectors don't move. and Ending points of them are moving around. 

(c) Object Animation

An object animation is that of looking an object from multiple angles rotating around it. Starting points of composing photo vectors are moving around the object, and Ending points of them don't move from the position of the object. 

Those patterns described above are frequently appear in spatial slideshows created by users. 

Besides them, there are some patterns such as zoom, side stepping, and so on.
  
[image: image117]
Figure 7. Patterns of Spatial Slideshow Animations

5. Prototype System

We have been developing and releasing personal photo album software named Spatial Photo Album Software, "PhotoField." It enables users to organize and share photo collections by using a map [3], [4]. We have extended the software as an editor and a viewer of spatial slideshows by implementing technical suggestions of this paper. It is a tool for editing and viewing personal photo collections as a story, i.e. spatial slideshow.

§ Spatial Slideshow Editor

Figure 8 is a graphical user interface of the editor. It has visual interfaces for a map, thumbnails of photographs, and a selected photograph. It realizes the following function: 

(a) Mapping photographs

A user can map photographs as photo vectors by drawing arrows on the background map.

(b) Editing spatial slideshows

A user can creates spatial slideshows by selecting photographs in order, and adding comments or text narrations to each photograph. Parts of spatial slideshow such as walkthrough, panorama, time series, and so on, are created semi-automatically by selecting and sorting function, which we will describe in another paper. Created slideshows are visualized as routes in the background map.

(c) Reading and writing spatial metadata of photographs

Spatial metadata of a photograph such as viewpoints, gazing points and so on is embedded in the image file as Exif information.
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Figure 8. Spatial Slideshow Editor

§ Spatial Slideshow Viewer

Figure 9 is a graphical user interface of the viewer. It has visual interfaces for a map and a selected photograph. It realizes the following function: 

(a) Controlling spatial slideshows

A user can play, pause, step forward, and rewind spatial slideshows by corresponding control buttons like common media players or by directly choosing a photo vector on the map. In the later case, the focus of the map moves to the selected photo vector, and the slideshow also moves to the photograph corresponding to the photo vector.

(b) Playing photo and map animations

While playing spatial slideshows, three-dimensional photo animations moving from photo to photo described in section 4 are created in real time and played. Photo vectors on the map also move in animation and visualize the route of the spatial slideshow.
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Figure 9. Spatial Slideshow Viewer

6. Conclusion and Future Work
We proposed a spatial slideshow, which is a new framework for telling stories with places by maps and personal photo collections. We especially explained a method for creating a spatial slideshow animation, which visualized the progression of the story as movements from photo to photo in a three-dimensional space. A spatial slideshow is a fusion of personal photo mapping and photo storytelling, and it realizes mapping stories through photo collections. We assume mapping leads to sharing, and the proposed framework has a significance of helping with grassroots development of spatial contents driven by visual communications about places or events in the real world. Future works are as follows: 

(a) Customizing the motion of spatial slideshow animations

We plan to develop a method for customizing the motion of spatial slideshow animation. We now linearly change values including locations of photo vectors in creating transitional animations between photographs. In other words, photographs are linked by straight lines on a map. We plan that users can customize not only routes visualizing stories by linking photographs on a map, but also the three-dimensional motions of photo image animations by smoothing segments linking multiple photo vectors, or by drawing freeform lines. This framework enhances the characteristics of creating animations by drawing maps.

(b) Designing user interface to give three-dimensional coordinates easily

We will design a user interface to give three-dimensional coordinates easily in drawing photo vectors. We described the method of spatial slideshow animation in three-dimensional coordinates, and the animation represents vertical movement like going up and down, or turning up and down when photo vectors have three dimensional values including altitudes. However drawing three-dimensional arrows on maps is not easy for users. Therefore we will design a user interface to input altitude values easily in drawing photo vectors.

(c) Complement between photo storytelling and photo mapping

We plan to develop the complement method between photo storytelling and photo mapping described in section 3. The semi-automated creation of photo sequences will lowers the barrier to create spatial slideshows.

(d) Analysis of spatial slideshows created by users

We plan to analyze spatial slideshows created by users in focusing on spatial, temporal, and semantic continuity and their dynamics in photo sequences. It will suggest implications for further research and development, especially on the complement method between photo storytelling and photo mapping.
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