The following paper was originally published in the Proceedings of the Fifth Annual Tcl/Tk Workshop Boston, Massachusetts, July 1997

For more information about USENIX Association contact:

1. Phone: 510 528-8649 2. FAX: 510 548-5738 3. Email: office@usenix.org 4. WWW URL: http://www.usenix.org

3wish: Distributed [incr Tcl] Extensions for Physical-World Interfaces

Brygg Ullmer MIT Media Lab Cambridge, MA

3wish: Distributed [incr Tcl] Extensions for Physical-WorldInterfaces

Br ygg Ullmer

MIT Media Lab

20 Ames St., E15-445

Cambridge, MA 02139 USA ullmer@media.mit.edu / http://www.media.mit.edu/~ullmer

Abstract

T he creation of physical- world interfaces seamlessly integrated with the physical environment poses new implementation and inter face challenges for the T cl language. 3 wish is a suite of [incr T cl] class libraries and C/C++ extensio ns which supports user inter faces integrating distrib uted physical sensors, displays, and

3D graphics. T he poster presents an over view of

3 wish, its application to physical-world interfaces, and its implementatio n of distributed sensors, displays, object proxies, and platfor m-independent 3D graphics.

1. Introduction

T raditional 2D graphical user inter faces have been well-supported bythe T cl/ T k language. A new kind of user interface, ^tangible user interfaces,~ uses physical objects and sur faces as p hysical interfaces to digital infor mation. [1] T hese interfaces require sensing and augmentatio n b ymultiple physical-world sensors and displays, often distrib uted across several co mp uters.

T cl and the [incr T cl] object/namespace extensions are well-suited for this style of user interface. T cl´s pla t - for m-independent, high-level operation, coupled with

[incr T cl]´s OOP class and namespace mechanisms, jointlysupport the rapid integration of access methods for distributed platfor m-specific sensors and displays.

At the same time, ne wfeatures are required to cleanly support physical- world interaction and distrib uted o p - eration. 3 wish is a suite o f [incr T cl] class libraries and

C/C++ extensio ns that addresses these needs.

2. 3 wish

3 wish is designed to support user interfaces driven b y physical objects. T hese physical objects must sense and process their physical state (position, orientatio n, etc.), coordinate among each other, and displayvario us outputs ( graphics, so und, etc.) to the user. So me of these sensors and displays are physicallyattached to interface objects; examp les include position-trackers and flat-panel displays. Other sensing and displayis performed on behalf o f passive physical objects. For example, co mp uter vision is used to track objects, while transparent objects are illum i nated b ybackprojected displays. A samp le inter face is pictured in

Figure 1, and discussed in detail in [3].

Figure 1 : Image of metaDESK-based 3w ish applic a tion

3 wish hides these imp lementational details fro mthe

user interface. 3 wish provides an [incr T cl]-based

^proxy~ class for each physical object. [2, 3] T hese

classes provide methods for quer ying object state and

activating supported displays. Ho wever, underlying

sensor/displaycoordination is hidden b ythe API. T his

abstraction supports a high degree of flexibilityin co n -

structing co mplex inter faces witho ut beco ming i m -

mersed in implementational minutia.

3. Distributed sensors and displays

At its lo west level, 3 wish co mmunicates with drivers

for physical- world sensors and displays, currently o p -

erating o n both SGI and Wintel platfor ms. T cl 7.6´s

load co mmand is used to load drivers for devices

with C and C++ API´s, where T cl-DP 4.0 is used to

communicate with serial devices.

Sensor APIs are implemented using an [incr T cl] se n -

sor class which provides caching and optional interp o -

lation for sensor values. T he same class is shared on

both client and server machines; peer server and client

classes wor k to synchro nize sensor client and server

states. Client sensor value requests are no n- blocking,

using the most recent cached/interpolated value avai l -

able.

Newsensor implementations usually require no add i -

tional net wor king code, as client/server code is a b -

stracted fro mindivid ual sensor field s and access met h -

ods. Similar displaysupport is under way, tho ugh is

currently at an earlier stage of develop ment.

4. Object proxies and n amesp aces

Applications do not quer ysensor and displayclients

directly. Instead, [incr T cl]-based ^proxies~ are pr o -

vided as API´s for each physical object. T he resulting

object-centric access methods are independent of the

underlying sensing/display technologies emplo yed. An

illustration of this ^proxy-distributed~ or ^proxdist~

architecture is illustrated in Figure 2, and discussed

further in [2] and [3]. Distributed namespaces are used

to provide clean distributed coordination and avoid

host/port/protocol dependencies.

Sensors

Tangibles

Displays

Workstation

PC PC

Sensor Proxies

Tangible Proxies

Display Proxies

Sensor Clients

Sensor Servers

Display Clients

Display Servers

Physical World Digital World

Namespace Clients

Namespace Server

Figure 2 : Diagramof 3w ish sensor/display archite c ture

5. 3D Graphics

A first iteratio n of 3 wish developed a set of pla t for m-

independent 3D grap hics extensions, inspired bythe

2D T k toolkit. 3wish´s 3D graphics core draws o n the

Open Inventor (OIV) toolkit, using T GS´s OIV port on

non-SGI platfor ms. 3 wish provides co mmands for

asserting named OIV/VRM L geo metries, binding

events involving these geo metries to T cl callbacks, etc.

3 wish also supports registering scene graphs across

multiple 2D and 3D displays, binding graphical

geo metries to physical objects, as well as providing

other distributed graphics capabilities.

Referen ces

[1] Ishii, H., and Ullmer, B. ^Tangible Bits: Towards

Seamless Interfaces between P eople, Bits, and Atoms.~

In Proc. Of CHI´97 , pp. 234-241.

[2] Ullmer, B. Behavioral Realizations of Proxy-Distributed

Computation.

http://www. media. mit.edu/~ullmer/-

courses/ agents/paper1.html March 1996.

[3] Ullmer, B., and Ishii, H. ^The metaDESK: Models and

P rototypes for Tangible User Interfaces.~ Submitted to

UIST´97