Real-world Interaction using the FieldMouse Itir o Siio T oshiyuki Masui Kentar o Fukuchi Faculty of Engineering T amagawa University 6-1-1 T amagawa-gakuen Machida, T okyo 194-8610, Japan +81-42-739-8413 siio@eng.tamagawa.ac.jp Sony Computer Science Laboratories, Inc. 3-14-13 Higashi-Gotanda Shinagawa, T okyo 141-0022, Japan +81-3-5448-4380 masui@csl.sony .co.jp T okyo Institute of T echnology 2-12-1 O-okayama Meguro, T okyo 152-8852, Japan +81-3-5734-3503 fukuchi@is.titech.ac.jp ABSTRACT W e introduce an inexpensive position input device called the FieldMouse , with which a computer can tell the position of the device on paper or any flat surface without using special input tablets or position detection devices. A FieldMouse is a combination of an ID recognizer like a barcode reader and a mouse which detects relative movement of the device. Using a FieldMouse, a user first detects an ID on paper by using the barcode reader , and then drags it from the ID using the mouse. If the location of the ID is known, the location of the dragged FieldMouse can also be calculated by adding the amount of movement from the ID to the position of the FieldMouse. Using a FieldMouse in this way , any flat surface can work as a pointing device that supports absolute position input, just by putting an ID tag somewhere on the surface. A FieldMouse can also be used for enabling a graphical user interface (GUI) on paper or on any flat surface by analyzing the direction and the amount of mouse movement after detecting an ID. In this paper , we introduce how a FieldMouse can be used in various situations to enable computing in real-world environments. KEYWORDS: Input Device, Barcode, Mouse, Augmented Reality , Real-world Interface, Real-world Programming, Paper - GUI, Scroll Browser , Active Book, FieldMouse INTRODUCTION There is no doubt that computers are going to be used more in the real world, either by placing many computers everywhere[17] or by carrying/wearing small computers everywhere. In such environments, computers should be hidden[8], and intuitive operations using everyday objects will become important[6]. Many attempts have been made to create computer -augmented environments where conventional objects like desks[3][18] or papers[1][2] are used for data input/output. However , conversion between real-world data and computer Figure 1: FieldMouse#1: Combination of a barcode reader and a pen-mouse. data is always one of the most dif ficult part of such systems. For example, in many augmented reality systems, cameras or 3D position trackers are used to get the exact location of users and systems. These devices are usually large, heavy and expensive, and calibration and registration are usually very dif ficult[4]. Even when only papers and flat surfaces are used, input tablets or cameras are usually required to track user operations, and ordinary papers or desks cannot be augmented without these devices. W e introduce an inexpensive input device called the Field- Mouse, with which users can tell the position of the device on paper or any flat surface without using special input tablets or position detection devices. A FieldMouse is a combination of an ID recognizer like a barcode reader and a mouse which detects relative movement. Using a FieldMouse, a user first detects an ID whose location is known, and then detects the relative movement of the device from the ID to get the abso- lute position of the device. Using a FieldMouse in this way , any flat surface can work as a pointing device that supports absolute position input (e.g. a pen tablet) just by putting an ID tag somewhere on the surface. A FieldMouse can also be used for enabling a graphical user interface (GUI) on paper or on any flat surface, by analyzing the direction and the amount of the mouse movement after detecting an ID. FIELD MOUSE A FieldMouse can be any combination of a device that can de- tect an ID and a device that can measure relative motion. The first device can be a 1D/2D barcode reader , RF-ID tag reader , etc. and the second device can be a mouse, a gyroscope, or an accelereometer .

Figure 2: FieldMouse#2: Combination of a barcode reader and a gyro-mouse. FieldMouse#1: Using a Mechanical Mouse The simplest way to build a FieldMouse may be using the combination of a pen-type barcode scanner and a pen-type mechanical mouse, both of which are widely available of f the shelf. Figure 1 shows an example of the FieldMouse, made up of a mechan- ical pen mouse (Computer Crayon by APPOINT Corp.) and a bar -code reader (BR-530A V by AIMEX Corp. 1 ) Since a mechanical mouse is usually not designed as a pre- cise position input device, its inaccuracy might be a problem. W e did an experiment and checked the linearity of the mouse output versus the movement of the mouse on an average wallpaper 2 . The Computer Crayon showed less than 3% er - ror after moving it 80cm and moving it back to the original position. It showed, however , 30% less readout in 45 degree (diagonal) movements than in 0 or 90 degree (horizontal and vertical) movements. Since the error is stable, we could cor - rect the directional error by modifying the output depending on the angle. W e have concluded that some mechanical mice can be used as position detectors in such applications where errors upto 5% are acceptable. Another kind of error arises when a user does not hold the FieldMouse in the right position, because mechanical mice detect movement of its own axis. This kind of error tends to accumulate as the user moves the device, and are cancelled when a barcode is scanned. In some applications where a lar ge surface is used or high accuracy is required, we could use more than one barcode for frequent calibration. FieldMouse#2: Using a Gyro Mouse Another implemen- tation of a FieldMouse is using a solid-state gyroscope for detecting the motion of the device. Figure 2 shows an imple- mentation of FieldMouse using a pen-type barcode scanner and a “gyro-mouse,” (GyroPoint from Gyration 3 ,) which con- tains a gyroscope in the mouse that detects the rotation (pitch and yow) of the mouse. This gyroscope does not have enough precision for measuring the amount of the motion or rotation, but since it can be used in the air , gesture input is easier than using FieldMouse#1. 1 http://aimex.co.jp/ 2 H-8701 from T okyu Hands Corp. 3 http://www .gyration.com/html/gyropoint.html Figure 3: An example page of the Active Book. ((C) 1994-1999 The Learning Company and Mark Schlicht- ing, (C) 1987, 1994 Marck Schlicting.) In the following sections, we describe various applications of the FieldMouse, showing working systems as examples. POINT -AND-CLICK APPLICA TIONS The simplest way of using a FieldMouse is to use it as a point- and-click device. Any operation that is usually performed by a simple mouse click on a GUI display can be performed by the scan-drag-click operation of FieldMouse. W ith this operation, any point on any paper or a flat surface becomes “clickable.” For example, if a user has a hardcopy of a W eb page with a barcode printed at the corner , he can use the FieldMouse to scan the barcode and drag it to the position of a link and click it. If a barcode is printed at the margin of each page of a book, all the pages in the book work like a pen tablet and all the information on the pages can be identified by the FieldMouse. Active Book The Active Book is one of the point-and-click application of the FieldMouse. It is a paper book where links to computer information are embedded in each page. On each page in the book, a barcode is printed at the corner . The picture book shown in Figure 3 is an example of the Active Book. By moving a FieldMouse starting from the barcode at the left top of the page, a user can hear speech or sounds of a character on the page when the FieldMouse passes above the character . W e made this experimental picture book from a product[11] from the Living Books series. These products are computer software packages that display interactive picture books on a computer screen and allow users to enjoy sounds or anima- tions when they click one of the characters using a mouse. Some of these packages include the original paper picture book. W e implemented this ActiveBook as a collection of HTML pages. Each picture corresponds to a clickable map, and speech data used in the Living Books software are linked

Figure 4: Making a clickable map using a HTML edi- tor . ((C) 1994-1999 The Learning Company and Mark Schlichting, (C) 1987, 1994 Marck Schlicting.) Figure 5: A paper remote-controller with paper-GUI widgets. to rectangles in the map. Using HTML for authoring is convenient in this case because various HTML editors can be used for editing the map, as shown in Figure 4. Another advantage of using HTML and URLs is that we can use any sound or other data on the W eb. When a barcode on a page is scanned, corresponding HTML page is selected and referred to when the FieldMouse is pointing to one of the characters on the page. It would be very convenient if magazines like TV Guide and Premier could be used like Active Book. In that case, just by printing unique barcodes on each page, a user could use the FieldMouse and tell his computer which information on the page he wants to see. It is also possible to make an Active Book without using a FieldMouse, if a barcode is attached to every information on the page. However , in that case, all the pages would be filled with barcodes. P APER-GUI APPLICA TIONS A FieldMouse can also be used for more sophisticated paper - based graphical user interfaces. Figure 5 shows a paper TV remote controller with several “paper-GUI” widgets. If a user moves the FieldMouse to the left or right after scanning the barcode on the slider , the FieldMouse can detect the amount of the movement and use it to control an analog value such as Figure 6: Controlling A V systems using a paper with printed pictures and barcodes. the volume. By moving a FieldMouse in dif ferent directions after scanning the barcode on the pie menu, users can select the input source from the list in the menu. Usually only one ID or function is expressed by one barcode, but using this pie menu, a user can select three dif ferent functions from one barcode. These paper -GUI techniques can greatly enhance the appli- cation area of barcodes. A barcode usually only works as a “button” in a GUI sense, and cannot be used to express analog values. But using the same barcode with a FieldMouse, it can be used as a more sophisticated GUI widget like a slider or a menu. These paper-GUI techniques are already incorporated in the ActiveBook to control the sound volume and select the language (English, Spanish, etc.) of the book. The picture around each barcode in Figure 5 is nothing but a clue to the user ’ s operation of the FieldMouse, just like the shades in “3D buttons” used in current GUI systems. The design of the icon is very important, and it would be a good one if it could af ford particular motion of the FieldMouse to the user . Figure 6 shows another example of using a FieldMouse and paper -GUI icons for controlling VCRs and TVs. Imagine an environment where a user has multiple VCRs and TVs, and all of them are connected via an A V network like IEEE1394. In such an environment, users may have to give a command like “ copy VCR1 VCR2 ” on some console or by using a remote controller , but remembering the name of each machine and remembering which ar gument is the source or the destination would be cumbersome and quite error-prone. Using a FieldMouse with paper -GUI icons, this kind of task can be very easily performed. Figure 6 shows a sheet of paper on which pictures of VCRs and TVs with barcodes are printed. T o tell the source and destination of the data flow , the user would just draw a line on the paper from the source to the destination, with smaller possibility of making mistakes. In this case, the direction of the FieldMouse shows the direction of the data without confusing users.

Figure 7 shows another representation of VCRs. In this case, a user first scans the barcode at the left, and move the FieldMouse through the VCR icons to show the direction. The best representation depends on the nature of applications. Figure 7: Another way of controlling VCRs. Although most of the icons used in current GUI systems are not designed to af ford dragging operations on the icon, well-designed icons for FieldMouse have the possibility of providing better usability . SIMPLE AR APPLICA TIONS A simple augmented reality (AR) system can be created using a FieldMouse with a portable display monitor . The Field- Mouse is used as a position sensing device, and the monitor is used to overlay computer -generated information to the real world. Scroll Browser Figure 8 shows an example of using the Scr oll Br owser system for browsing the back of the wall. A Scroll Browser is a combination of a FieldMouse and a hand- held display . As the user moves the FieldMouse on the wall, images displayed on the monitor also moves and shows the user the wires and pillars behind the wall. Although most of the current AR systems are based on 3D, there are many applications where 2D-only AR system is suf ficient. For example, for reconstruction works or main- tenance works, showing electronic wiring behind the walls and showing underground piping works are useful. In these applications, 2D position detection on the surface is sufficient to display appropriate information. W e made a prototype ScrollBrowser using a dummy wall made of a sheet of plywood of 90cm x 90cm, covered with a wallpaper as shown in Figure 9. A dummy switch is mounted at the center of the wall. On the back of the wall, electric wire and pillars are installed as shown in Figure 10. On the surface of the wall, several barcode stickers are pasted around the switch (Figure 9). An icon, a description, and a barcode are printed on each sticker . As a user scans one of the barcodes, the corresponding image is selected for display and as the user drags the FieldMouse from the barcode, a portion of the image is displayed on the monitor according to the position of the FieldMouse. The barcode reader and the pen-mouse are connected to the keyboard port and to the Figure 8: Using the ScrollBrowser to see the back of the wall. mouse port of a PC, and a LCD TV monitor is connected to the NTSC output from the PC. The picture shown in Figure 10 is used for browsing the back side of the wall. Figure 11 shows another image browsed by the ScrollBrowser . If this one is selected instead of the actual photograph of the back of the wall, the user can enjoy how “field day of field mice” is like. Scroll Browser can also be regarded as a simplified version of the Chameleon system[5]. Although Scroll Browser can be used only near the wall, since the FieldMouse and the display monitor can be separate, it can be used in various dif ferent ways if used in combination with the paper -GUI technique. Figure 9: A ScrollBrowser prototype.

Figure 10: The picture of the other side of the wall. Although a number of augmented reality systems have been proposed recently[4], their primary goal has been the seam- less integration of computer-generated images and real-world images, and lar ge, heavy and expensive head-mount display devices (HMDs) and high-precision position sensors are often used for getting better quality integration. Some systems[10] use handheld displays instead of HMDs, but in that case also, cameras or 3D position trackers are used. Although the pre- cision of the FieldMouse is very poor and only works on 2D surfaces, there are many application where precision and 3D are not the main concerns, but price, size and availability are more important. A ScrollBrowser is a practical poor man’ s AR solution, because almost any wall can be used for position tracking just by pasting a barcode. PROGRAMMING/AUTHORING APPLICA TIONS Most of the computer -augmented systems do not provide convenient ways to link data in the computer to the real world, or support writing programs. For example, if a user wants to make a location-aware PDA inform him when he is close to a destination, the user usually has to program the PDA beforehand using a program like below: dest.longitude = 135.2358; dest.latitude = 39.3871; if(distance(curpos,dest) < 500.0){ show_schedule(); } This kind of programming has several disadvantages. First, the user is using a text-based programming language even though no text is actually used in the execution environment. This is like writing GUI programs without using graphical tools, and it is very inef ficient. Just like a GUI program is best programmed in a visual programming environment, a program for computer -augmented environment is most ef fi- ciently programmed if programmed in the real world. The method to tell the system that current position is close to the Figure 11: Another picture browsed by the Scroll- Browser . destination is quite cumbersome, since there is no direct map- ping between the formula and being close to the destination. Using the FieldMouse, making a program of this kind can be much easier . For example, the same program can be created by the following steps: � Set the PDA to macro definition mode � Specify the if -condition by showing the area around the destination, by dragging the FieldMouse on a paper map � Specify the then -part by manipulating the PDA � End the macro definition Instead of using a HTML editor , the data used in the Active- Book can be created using similar method, by specifying the clickable area using the FieldMouse. In the same manner , any data can be attached to objects only by using the Field- Mouse. A user can attach various information on any surface as long as a barcode is printed on it. When making a program or authoring data using a Field- Mouse, surrogates can also be used instead of using the real thing. A map used in the previous example is actually a surrogate of a real place, and other surrogates that represent people, time, etc. can also be used for the programming and authoring. For example, a clock and a calendar can be used to specify time and date, and a picture of a person can be used to represent the person. For representing physical data, using a Origami or an “Origamic Architecture” as a Phicon[6] would be useful. Making this “Origami Phicon” (Figure 12) from a paper with a barcode printed on it is a easy task, and those will work well as surrogates.

Figure 12: Example of an Origami Phicon. RELA TED WORK In addition to various AR systems, many approaches have been investigated to bridge the gap between computer and the real world. The MEMO-PEN[7] is a special pen device that remembers all the penstrokes using pressure sensors and a small camera built in it. Using the MEMO-PEN with an ID recognizer would be a better combination for implementing a Field- Mouse with better precision. V arious ways to link information to ordinary papers have been investigated[2][15][16]. IBM’ s CrossPads[1] seems to be the first commercial product that support the link between written text on a paper and the data in a computer . Attempts to use a desk as an input/output device have also been investigated[3][18]. In these systems, cameras are used to capture the data in the real world. Using barcodes and other ID tags is also promising in this approach, like in our case and in the InfoBinder system[12]. IconSticker[14] is an approach to convert data in a computer to a machine-readable real-world data, by printing a sticker with a barcode and an icon printed on it. By integrating the FieldMouse with the IconSticker system, links between computer data and the real world could become tighter . Scroll Display[13] is a predecessor of Scroll Browser , and it is a combination of a hand-held computer and a built-in mouse on the underside. When a user moves the computer on a table, the display scrolls as if the user is moving a window frame over a lar ge document. Scroll Browser is an expansion of the Scroll Display to AR applications. PaperIcons[9] realizes interactive paper books. At the corner of each page, a 2D bar -code is printed to identify the page. Ultra Magic Key[16] uses printed key-shaped symbol to iden- tify pages. In these systems, computer vision with camera is used to detect selected objects on a page. Compared to computer vision systems, FieldMouse is inexpensive, easy to install, and easy to calibrate. Figure 13: V ariatoin of the read out of mechanical mouse against movement. DISCUSSIONS Evaluations The Scroll Browser and the ActiveBook have been demon- strated at several academic conferences. The Scroll Browser system has been exhibited at the Dynamic Media Contest at the Advanced Multimedia Contents Processing conference 4 , and demonstrated to 374 visitors in 3 days. In the Scroll Browser demonstration, two 90cm � 90cm dummy walls were installed and prepared images such as electric wiring and the mice illustration (Figure 10 and 11) were displayed. In the Active Book demonstration, selectable areas of lar ger than 3cm � 3cm were laid out on a B4 sized picture book as shown in Figure 3. The FieldMouse had suf ficient accuracy for these applications. Many people liked the systems, be- cause smooth operation was achieved even though they were using simple and inexpensive devices. Some users who were not familiar with pen mouse felt that it was difficult to hold the device in right angle against surfaces. They often failed to scroll successfully on wall surfaces where holding was more dif ficult than horizontal book surfaces. W e should consider , for example, a box shaped design to provide more stability . As described in the previous section, the FieldMouse accumulates errors when it is held obliquely . People were able to hold the FieldMouse correctly after we instructed them to hold it straight. W e found that scroll operation became unstable after using the device for a long time. The error was conspicuous in the wall application where device ran long distance. Figure 13 shows the variation of the readout of the mechanical mouse. This shows that the readout starts to decrease after moving around 5m. W e suppose that the mouse ball mechanism slips by rolling over dirt (such as fiber or paste of the wallpaper). Further improvement might be required for practical applica- tions on walls or floors where the surface is generally dirtier than books or paper documents. W e should consider adopting a cleaning mechanism, dirt-free ball material, or non-contact rotation detector using optical or magnetic sensors. Ideas for New Devices Both FieldMouse#1 and FieldMouse#2 are very crude, but if a barcode reader is integrated into a pen-mouse, FieldMouse could become much smaller and easy to use. Figure 14 shows an example configuration of such new device where a 4 http://www-nishio.ise.eng.osaka-u.ac.jp/AMCP/ transparent ball is used for the mouse and a barcode reader is placed behind it. Figure 14: An integrated device for FieldMouse. CONCLUSIONS W e introduced a new inexpensive input device called the FieldMouse, which can be used as a position input device on any flat surface with a barcode printed on it. W e have shown a variety of examples of using the FieldMouse, including using it as a point-and-click device, using it for a paper-GUI system, using it for simple augmented reality system, and using it for programming and authoring in the real world. W e are investigating other applications of the FieldMouse, and also investigating better implementation of the device that use various sensors and ID detectors. ACKNOWLEDGMENTS W e thank Interog Inc. who gave us permissions to use Living Books data for academic and experimental purposes. Part of this work is supported by the Proposal-Based New Industry Creative T ype T echnology R&D Promotion Program from the New Ener gy and Industrial T echnology Development Or - ganization (NEDO) of Japan. W e also thank Richard Potter for giving us the best name for our system. REFERENCES 1. Cr ossPad . http://www .cross-pcg.com/ . 2. T oshifumi Arai, Dietmar Aust, and Scott E. Huson. Paper - link: A technique for hyperlinking from real paper to elec- tronic content. In Pr oceedings of the ACM Confer ence on Human Factors in Computing Systems (CHI’97) , pages 327– 334. Addison-W esley , April 1997. http://www1.acm.org:82/ sigs/sigchi/chi97/proceedings/paper/seh.htm . 3. T oshifumi Arai, Kimiyoshi Machii, Soshiro Kuzunuki, and Hi- roshi Shojima. Interactive desk: a computer-augmented desk which responds to operations on real objects. In CHI’95 Con- fer ence Companion , pages 141–142. Addison-W esley , May 1995. 4. Ronald T . Azuma. A survey of augmented reality . Pr es- ence: T eleoperators and V irtual Envir onments , 6(4):355– 385, August 1997. http://www .cs.unc.edu/ azuma/ ARpresence.pdf . 5. Geor ge W . Fitzmaurice. Situated information spaces and spatially aware palmtop computers. Communications of the ACM , 36(7):39–49, July 1993. http://www .acm.org/pubs/ citations/journals/cacm/1993-36-7/p39-fitzmaurice/ . 6. Hiroshi Ishii and Brygg Ullmer . T angible Bits: T owards seamless interfaces between people, bits and atoms. In Pr oceedings of the ACM Confer ence on Human Factors in Computing Systems (CHI’97) , pages 234–241. Addison- W esley , April 1997. http://www .acm.org/sigchi/chi97/ proceedings/paper/hi.htm . 7. Shinji Nabeshima, Shinichirou Y amamoto, Kiyoshi Agusa, and T oshio T aguchi. MEMO-PEN: A new input device. In CHI’95 Confer ence Companion , pages 256–257. Addison- W esley , May 1995. http://www .acm.org/pubs/citations/ proceedings/chi/223355/p256-nabeshima/ . 8. Donald A. Norman. The Invisible Computer: Why Good Pr od- ucts Can Fail, the Personal Computer Is So Complex, and In- formation Appliances Ar e the Solution . The MIT Press, 1998. 9. Jun Rekimoto. Pick-and-Drop: A direct manipulation tech- nique for multiple computer environments. In Pr oceedings of the ACM Symposium on User Interface Softwar e and T echnol- ogy (UIST’97) , pages 31–39. ACM Press, November 1997. http://www .csl.sony .co.jp/person/rekimoto/pickdrop/ . 10. Jun Rekimoto and Katashi Nagao. The world through com- puter:. In Pr oceedings of the ACM Symposium on User Inter - face Softwar e and T echnology (UIST’95) , pages 29–36. ACM Press, November 1995. 11. Mark Schlichting. Harry and the Haunted House . Living Books, 1994. 12. Itiro Siio. InfoBinder: Apointing device for virtual desktop system. In Pr oceedings of of HCI International ’95 , pages 261–264. Elsevier Science B. V ., July 1995. 13. Itiro Siio. Scroll display: Pointing device for palmtop com- puters. In Asia Pacific Computer Human Interaction 1998 (APCHI98) , pages 243–248. IEEE Computer Society , July 1998. 14. Itiro Siio and Y oshiaki Mima. IconStickers: Converting com- puter icons into real paper icons. In Pr oceedings of HCI Inter- national’99 , August 1999. to appear . 15. Lisa J. Stifelman. Augmenting real-world objects: A paper -based audio notebook. In CHI’96 Confer ence Com- panion , pages 199–200. ACM Press, April 1996. http:// lisa.www .media.mit.edu/people/lisa/chi96.html . 16. Hiroshi Usuda and Mitsuhiro Miyazaki. The multimedia in- terface using “paper ”: Ultra Magic Key. In Pr oceedings of Asia Pacific Computer Human Interaction 1998 (APCHI’98) , pages 393–397. IEEE Comnputer Society Press, July 1998. 17. Mark W eiser . Some computer science issues in ubiquitous computing. Communications of the ACM , 36(7):75–84, July 1993. 18. Pierre W ellner . Interacting with paper on the DigitalDesk. Communications of the ACM , 36(7):87–96, July 1993.