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Introduction
Landscaping, in the sense of design, has always been a part of human history. Whether growing food, making a pleasant ambience or producing a specific effect in the environment, landscapers have and continued to meet with the same basic challenges, such as what to include, and how to make the landscape persist. Some of the most rudimentary challenges involve spatial, aesthetic, economic and persistence constraints. These constraints are riddled with a multitude of variables that must be mitigated to produce an acceptable solution to the particular challenge. With regard to current practice, professional landscape architects use practical experience and education combined with traditional sketching or CAD programs. The majority of existing landscape CAD programs do not have the intelligence to help non-professionals design effectively.

One challenge in the design of this application is to determine the subset of components to add to a garden site.  For instance, our subset of components include trees, sprinklers, hard surfaces such as lawn, walls, fencing, lighting, pools and fountains. Choosing a particular component, for instance trees, then allows us to further sub-divide this component into a representative set that includes large, small and medium trees, shrubs, roses, herbaceous plants, ground cover plants, heathers, and climbers. Due to time constraints, we will have to choose a limited group of components and build an inference engine based on the spatial, practical and aesthetic qualities of juxtaposing these items in a landscape space.

Difficulties In Design Issues

1. Intrusiveness
This is one of the most crucial parts of the design deployment. How much and what kind of interaction do we want the users to have with the specific application? Should the program confirm every step of the plan or is it better to evaluate an action or a sequence of actions at once? With what frequency should the system make suggestions? These are only a few questions that have to be taken into consideration when designing an IUI. We want our application to be helpful but not annoying, to remember our preferences but on the other hand, we don't want to ask for more details beyond what is necessary and sufficient. Hence the problem is a matter of quality and quantity (including frequency) of information. 

The first priority is to make users feel comfortable with the kind of feedback they receive from the program. If the density, the strictness (inference engine rules and complexity) or the amount of feedback is more than the landscape designer desires, then these factors can diminish productivity or even willingness to use the product again. Hence, the choice of critics is extremely important for the developer of the tool. The challenge is to satisfy the need for help without disturbing the attention of the user from the purpose of his work.

2. Adaptability
The application should be designed to cover different levels of expertise as well as various design scenarios. Since users can be landscape contractors/designers, gardeners, home owners or students, the system should adjust to different levels of knowledge, skills and experiences. The purpose, the priorities and the competence of amateur users are totally different from professional designers. A tool that is too fuzzy or too simple supports the preferences and abilities of a limited number of potential users. Hence, a general purpose landscaping system should be designed to be very adaptive, providing basic functions for the novice but also more advanced features for those who are knowledgeable in the art of developing landscapes.

3. Intelligence 
The landscape design application should be more than an ordinary design tool, possessing features to promote intelligence and understanding, and providing help to adjust to users’ intentions. When actions violate the rules of the inference engine, the system notifies the user that the design has faults (error messages) or oversights related to aesthetics (warning messages). The intelligence of the system resides not only in monitoring user actions but also in design improvements or alternatives (from the knowledge base) combined with external help (the Web). The difficulty in this crucial part of the task is that the critic’s comments should be informative and applicable to the situated action. Users need understandable and pertinent suggestions related to the problems in their situation. 
4. Critics
The critics assists users by dynamically evaluating the model representation and searches for the existence of specific conditions defined in a rule base. The issues in building a good critics system are not simply to provide useful design feedback but to offer the right critics at the appropriate time so that information can be conveyed to the user without being intrusive. The system must contain appropriate scope and a desirable quantity of knowledge in order to have strong domain knowledge to justify the suggestions. However, design domains are continuously evolving. Thus it is impossible to anticipate all knowledge necessary to guarantee that the system will always provide the right information. Different users organize and manage knowledge differently to reflect their design perspectives which implies that the system has to consider interpretations of a problem from many different viewpoints such as structural, functional, aesthetic and personal, before offering suggestions to the user.

5. Reliability and Robustness
The application must provide support for functions and advanced features without loss of performance, stability and consistency. A software architecture that ensures the proper operation and communication of the different components (inference engine, critics, database, and interface) offers a stable basis for the convenient use of the tool.

Current Research

Projects done on landscape design are summarized below. Most of these visualizations focused on high-level and sophisticated representations (mappings) of the real world in a simulated environment. Our motivation for landscape design concentrates instead on the interaction between the components of the system for making useful derivations to aid the user and not on the realistic visualization.

Landscape Visualization

Scheepers at the CSIR Satellite Applications Center [1] developed a three-dimensional computer graphics information system for landscape visualization. In his application, real-world terrain data and satellite imagery using geographic information systems were used to build his knowledge base so that the simulation of the landscape would model closely to what would actually happen in the real situation. Several models were used to analyze complex situations: parameterized, procedural (adapting to other models), and fractal (generating objects with statistical similarity) and grammar-based (for simulating trees, grass, smoke, fog, etc) models.

Scheepers provided several groundcover objects that map closely to the region of Pongola in South Africa: sand, rock, grass, flowers, shrubs, trees, water and snow. Parameters such as coverage, elevation, average foliage height, density, color and textures varied the ecosystem examined in the simulation. This landscape visualization project focused mainly on the modeled virtual landscape to determine how varying factors would affect the ecosystem. Hence, high emphasis was placed on realistic representations of Pongola.

Interactive 3D Landscape Visualization

Philipp et al. [2] worked on modeling 3D landscapes similar to Scheepers' visualization. In this case, the project used Switzerland to create a database of the territory. Digital elevation models (DEM), High Resolution Visible Sensor (HRV) and remote sensing data from the Thematic Mapper (TM) were used to provide an accurate representation of the actual territory so that interactive and real-time walk through of the territory could be simulated. The main focus of this project was to create a realistic and geographically scientific visualization.

Illuminating Clay

A 3-D Tangible Interface for Landscape Analysis Ishii et al. [3] created an advanced system that uses gesture recognition to alter the design of a landscape, for instance, building a road or business complex. Ishii's main focus is to allow a superior mode of interaction with the clay model so that engineers may see the outcome of their design. This tangible interface is used in a collaborative effort where high-resolution maps and information on soil types, vegetation species, and population densities are used to model the data and thus replace the limited 2-dimensional traditional pen and paper or the computer screen approach to collaborative design. The nature of the system also allows the visualization to be more intuitive in capturing shadows and slope gradients, hence enhancing the model and inspiring more informed decisions. 
Garden Planner

Garden Planner [4] is a 3-dimensional commercial product designed for the average landscape designer to create their own garden. Components include surfaces, garden building, plants, garden lanterns, fences, accessories and decoration, garden machines and vehicles, and animals in the garden. The system also permits users to view their garden based on the time of year, and the season. For instance, the designer can see what the garden will look like in the winter, summer based on the type of plants the user chose to create the garden. Garden Planner hosts an encyclopedia of these components in detail allowing users to make their own decisions in the design. However, Garden Planner is purely a design tool and does not include any "intelligent" aspect that helps to advise the user on how to create their garden. Rather, the user must use the comprehensive encyclopedia and derive their own conclusions about the placement of objects in the garden.
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