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Abstract. This paper presents a method of showing photos interactively based 
on a user’s movements using multiple displays. Each display can identify the 
user and measure how far away he is using an RFID reader and ultrasonic sen-
sors. When he approaches to within a certain distance from the display, it shows 
a photo that resides in his photo album and provides quasi-3D navigation using 
the TIP (tour into the picture) method. In addition, he can manipulate photos di-
rectly using a touch-screen or remotely using an air mouse. Moreover, a group 
of photos can be represented as a 3D cube and can be transferred to PDA for a 
continuous viewing on other displays.   
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1   Introduction 

As digital cameras are becoming more popular, the demand for digital picture frames 
or digital photo frames that can store and display many photos is increasing. People 
want interactive photos and augmented photos to enrich their viewing experience, 
according to Darbari’s survey [1]. If useful facilities for user interaction are added to 
the digital photo frames, the displays can do more than simply show pictures; they can 
interact with users in various ways and can function as ubiquitous displays around the 
home, placed on convenient surfaces or attached to the wall. 

Several systems using a digital frame-type display have been studied in projects re-
lating to ubiquitous health care. In the AwareHome project at Georgia Institute of 
Technology, indirect interactions with remote family members are facilitated using the 
Digital Family Portraits display [2]. This display looks like a picture, but can provide 
family members who live at a distance with information about their elderly relative’s 
everyday life, including their health, environment, relationships and activities. This 
information is summarized every week and gives the user a feeling that they are talking 
to distant family members through the frame. The CareNet display [3] developed by 
the Intel Research Center in Seattle enables users to access information directly by 
operating the menus of a touch screen, and it also allows images to be edited.  

These existing picture-like displays are not sufficient to give users enriched picture 
viewing experiences, because they only show pictures and permit only explicit  
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interactions, for instance through the menus of a touch screen [2-4]. In addition, these 
studies did not consider any continuous viewing across multiple displays. 

In this paper, we present a smart photo frame that allows a user to tour into a photo 
based on his movement. The photo interface is automatically changed according to 
the distance between him and the display. He not only can navigate the photo in 3D 
space, but he can also change its background space. Moreover, our system allows him 
to move photos to another display at home using PDA.  

The rest of this paper is organized as follows: Section 2 describes a hardware con-
figuration of our system; in Section 3, interaction zones and user activities are  
explained; in Section 4, methods of generating a 3D space from a 2D photo are pre-
sented; in Section 5, a photo arrangement in 3D space is described; experimental 
results are given in Section 6 and lastly we draw some conclusions in Section 7. 

2   A Smart Photo Frame 

The proposed photo frame consists of a touch panel, an LCD (15~32 inches), an RFID 
reader, ultrasonic sensors (2~4 sensors) and LEDs attached to the rear of the display, 
as shown in Fig. 1. 

 

    (a)            (b)                         (c)  

Fig. 1. Components of a smart photo frame; (a) a user wearing a RFID tag; (b) a small display 
(15-inch); (c) a large display (32-inch) 

To identify a user, we use a 900MHz RFID reader (Infinity 210UHF: SIRIT) and a 
tag (Class 1, Gen 2 type). He wears a small tag that looks like a necklace or bracelet 
as shown in Fig. 1(a). When he approaches to within the reaction zone of the RFID 
reader, the RFID reader recognizes the tag and identifies him from its ID. A tag can 
be recognized reliably within 4.0m of the display with an external antenna. The RFID 
reader is able to identify several users simultaneously. In this case, the user whose tag 
responds most strongly to the RFID reader will be recognized as the primary user and 
receive the highest priority. 

Piezo-type ultrasonic sensors and an ultrasonic sensor board with a transmission 
and reception module are used to measure the distance between a user and the display. 
It also measures the direction of the user’s movement by ultrasonic sensors attached 
on the sides of the photo frame. For a small display, we attach two ultrasonic sensors 
on the left and right sides of the frame as shown in Fig. 1(b). However, we attach 
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more sensors on the bottom of the frame for a large display, as shown in Fig. 1(c). 
The range of these sensors can be adjusted up to 7m. 

We also use the touch screen panel to operate icons on the display. Some detailed 
information can be gotten by touch interaction. In the event of an emergency, LEDs 
attached around the display call user’s attention by flashing the light. 

3   Interaction Zones and User Activities 

The interaction zones corresponding to the proximity of a user to the display are 
shown in Fig. 2. We treat the space occupied by its user as having three zones like 
Vogel [5]. Fig. 3 depicts an activity diagram of our system in UML (Unified Model-
ing Language), which shows the flow of actions in the zones. 

Fig. 2. Interaction zones corresponding to the user’s proximity 

 

Fig. 3. An activity diagram showing the flow of actions 

 
When he is outside all the zones, the photo frame functions as a simple picture 

frame and shows black-and-white pictures with little attention. In the display zone, 
ultrasonic sensors react to the presence of him and pictures are shown in color. Never-
theless, at this stage the photo frame does not demand excessive attention, although 
the display shows a high-level menu, with which he can interact using a mouse-like 
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pointing device if required. In the implicit interaction zone, both the ultrasonic sen-
sors and the RFID reader recognize him, and the image on the display becomes three-
dimensional. He can tour into the photo by movement-based interaction. In the touch 
interaction zone, he can operate menus directly using the touch screen, and access 
detailed information related the photos. If an urgent message is sent from the server 
system, it is displayed on the screen and the LEDs light up regardless of the proximity 
of him. 

4   Interactive Photo Viewing Based on the User’s Movements 

When a user moves into the implicit interaction zone and the selected photo has 3D 
information such as a vanishing line, a 3D space is simulated using the TIP (tour into 
the picture) method [6,7]. This requires three input images: an original image, a back-
ground image in which foreground objects are removed, and a mask image in which 
foreground objects are colored white and the background is colored black. 

Fig. 4. The 3D reconstruction of the background and the foreground objects using a vanishing 
line 

Fig. 4 shows the 3D reconstruction of a photo using a vanishing line. To render the 
3D background which consists of a ground plane (2', 4', 5', 6') and a back plane (1', 3', 
5', 6'), we assume that the camera is positioned at the origin O, the viewing direction 
is +z, and the vertical direction is +y in 3D space. In Fig. 4, points 5 and 6 are the 
intersections of the vanishing line with the image boundary. 

Foreground objects are selected by means of the pre-processed mask image. These 
objects appear to be placed on a billboard that moves independently of the back-
ground, providing the user with a simple illusion of moving in 3D space. To get the 
3D coordinates of the foreground objects, we computed intersection points of the 
billboard and the ground plane. In Fig. 4, the foreground object is represented as a 
quadrilateral with four points (p'1, p'2, p'3, p'4) and it is stood orthogonally on the 
ground plane. The coordinates of p'2 and p'3 are computed from the camera position 
and the points (p2, p3) on the image plane.  

After 3D reconstruction of the photo, the position and orientation of the virtual 
camera can be changed by the user’s movements, as shown in Fig. 5. When he ap-
proaches to the display, the camera moves toward the back plane in 3D space like 
zoom in, and when he moves right or left direction, the camera rotates the same direc-
tion like panning. In addition, when he moves forward to the display, the detailed 
information of the photo appears gradually such as date, names, places, etc. If he  
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(a)                                                            (b) 

Fig. 5. Camera movements according to the user’s movements; (a) backward and forward 
movements; (b) left and right rotations 

moves back it disappears. The level-of-detail technique for the detailed information 
can naturally attract his interest to the display without requiring excessive attention. 

5   A Photo Arrangement in 3D Space 

When a user is in touch interaction zone, he can interact explicitly with the display 
using touch screen menus. He can categorize photos and select one to be shown on 
the display. Unlike other photo frames, our system displays photos in 3D space. Thus, 
we can give 3D effects on photos when they appear or disappear such as rotation, 
translation, flipping effects. 

As a good rule of thumb of object-oriented design, more than seven entities are not 
used at the same time for easy understanding. Here, we use a cube metaphor. As 
shown in Fig. 6, a group of photos is represented as a 3D cube, which can be moved 
in 3D space freely. Each cube contains from one to six photos. When it is touched, 
contained photos are automatically arranged on the screen. Using the menus on the 
left side, the selected photo can be zoomed in or zoomed out, and some cubes can be 
transferred to PDA to continue to see the photos while he is moving. 

Fig. 6. An automatic photo arrangement in 3D space and touch interaction 

6   Experimental Results 

Several experiments were conducted to investigate the effects of the proposed digital 
frame in different interaction zones. Fig. 7 shows how the screen is changed when he 
approaches to the display. As shown in Fig. 7(b), the detailed information gradually 
appears on the right side of the screen depending on the extent and direction of his 
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movement. In our study, we assumed that one person navigates at once in the implicit 
interaction zone. After recognizing the primary user by the RFID, the ultrasonic sen-
sors attached on the frame react to the user’s movements until it is clear that the user 
has left the implicit interaction zone. Fig. 8 shows the result of 3D navigation of a 
photo using our sensor-based interaction. 

 
 

Fig. 7. Backward and forward movements of the user 
 

Fig. 8. 3D Navigation by sensor-based interaction 

After reconstructing a 3D space from a photo, we can change its background im-
age. Thus, some virtual photos can be created, as shown in Fig. 9. This can make 
people feel that they are traveling through some places that they have not visited be-
fore. It can add some fun effects. 
 

 
                                 (a)                                  (b)                                  (c) 

Fig. 9. Virtual tour; (a) Sejong university in Korea (original photo); (b) Asakusa temple in 
Japan (virtual photo); (c) Opera house in Australia (virtual photo) 

(a) 

(b) 
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In the touch interaction zone, several photos can be summarized into a 3D cube us-
ing a touch menu. If the 3D cube is double-touched, all photos in the cube are auto-
matically arranged depending on the number and size of photos, together with 3D 
effects (See Fig. 10). In addition, users can flip the photos through a traditional  
album-like interface. 

Fig. 10. The automatic arrangement of photos in 3D space 

In order to see some photos while being away from the display or move them to 
another display, several 3D cubes can be transferred to PDA as shown in Fig. 11(a). 
The circled area shows the transferred 3D cube. To reduce the transmission time and 
display at a low resolution, we decreased the image resolution to 320×240 pixels. To 
see the photos again in large, he can approach to the previous or another large display 
at home, as shown in Fig. 11(b). The information of his current state is transferred 
from the PDA to the large display through the server, such as the name of cubes, the 
name of photos, etc. Thus, he can resume his interaction with the display.  

 

 

                             (a)                                                        (b)     

Fig. 11. User interaction within the touch inter action zone 

7   Conclusions 

We developed a smart photo frame to improve the quality of interaction not only by 
explicit feedback, but also by implicit feedback from the user. The proposed system 
reacts to user’s movements without requiring excessive attention from the user based 
on the concept of different interaction zones. Moreover, 3D navigation of a photo in 
the implicit interaction zone made the photo more memorable with a fun. The system 
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also provided a partial migration service with which the user can change a device and 
continue the interaction.  
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