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As on-line communication and entertainment enterprises increasingly use three-dimensional geometry, the ability to quickly create 3D content becomes important. Building three-dimensional worlds for the World Wide Web usually involves complicated CAD and modeling software that uses WIMP (windows, icons, menus and pointers) interfaces. VR Sketchpad gives creators of three-dimensional content a quick and easy way to author 3D virtual worlds by sketching without coding VRML (Virtual Reality Modeling Language) or learning to model using CAD software. 

With experience and training, designers can use CAD systems to create accurate models of 3D worlds. CAD systems are good at producing precise 3D models and supporting detailed editing and revision. However, pen-based systems enable designers to communicate ideas rapidly through approximate sketches with low overhead (direct manipulation by freehand drawing). Sketching requires no precision or specialized knowledge, and makes it easy for designers to draw, evaluate, and explore as well as to revise and correct. Sketching is useful in settings that require a fast turn-around creation-feedback cycle, for example, during conceptual design. These settings include building and product design, as well as designing computer games and virtual worlds for VR applications, on-line exhibits, and cyber communities on the Web. 

Providers of 3D content often start conceptual design by sketching with pencil or markers on paper or by building a physical model to simulate the proposed design. Later they use CAD software or game level editors to create these imagined 3D worlds. The process of making a 3D model with structured commands and operations is far more elaborate than using a pen and paper to sketch. A freehand drawing user interface for 3D modeling, as VR Sketchpad illustrates, provides designers more freedom to explore than a WIMP interface. 
This paper presents VR Sketchpad, a freehand drawing interface for rapidly generating three-dimensional geometry in VRML format by tracing diagrams on a transparent window over an image source. VR Sketchpad employs a novel approach for creating 3D worlds. It enables designers to simply make diagrams for spatial partitions such as walls, columns and furniture on a 2D floor plan. There are several ways to quickly generate 3D worlds with VR Sketchpad. For example, a quick sketch of a floor plan of an exhibition hall generates a virtual scene with walls and columns. Immediately, the designer can experience a virtual walkthrough from a Web browser. Preferred viewer positions marked on the floor plan are translated and embedded into the VRML viewpoint control panel, providing a guided tour path. As the visitor browses the virtual exhibit hall, VR Sketchpad displays the visitor's position on the floor plan sketch. This instant feedback from 3D VR world to 2D floor plan supports navigation and understanding of the created space for both visitors and designers. 
VR Sketchpad also supports the generation of freeform surfaces and organic shapes. For example, a fan shaped wall (as in Aalto's buildings) or spiral labyrinth partitions can be generated with simple freehand sketches of the building footprint. Beyond simple extrusions of drawn shapes, VR Sketchpad also provides placement of prefabricated objects from a library. Designers can train VR Sketchpad to recognize their notation for furniture placement on the floor plan. For example, a diagram of four chairs (boxes) surrounding a dining table (circle) inserts a 3D model of a dining table set into the VR world. Likewise, by drawing simple diagrams made up of shapes and symbols, the designer can place lamps, television sets, and couches in the floor plan. VR Sketchpad also provides a transparent window that enables the designer to trace over any images displayed on the screen and instantly turn them into 3D worlds.

