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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. Many existing landscape CAD programs [1, 2, 3] do not have the intelligence to help non-professionals design effectively.  To fill this need, we propose the Kammb Virtual Landscape Designer.
Kaamb provides a subset of components such as trees, sprinklers and fences [3], for users to design their garden site. In this paper, we propose a landscape design prototype that builds an inference engine based on the spatial, practical and aesthetic qualities of juxtaposing these components in a landscape space. 

Kammb Design Goals
The goal of Kammb is to enable users of different experience levels to more easily design a landscape by offering intelligent situated advice [4].  To accomplish this goal we approach the challenges involved in landscape design from a number of different aspects.  Focusing on spatial, aesthetic and persistence factors, Kammb offers intelligent features that are categorized by either mixed-initiative dialogue facilitation [6] or descriptive adaptability [7].  Providing these features requires the mitigation of several kinds of challenges which include:

· Critics [9] (design of the dialogs and menus)
· Intrusiveness [8] (quality, quantity, timing and frequency of information)

· Adaptability [7] (different levels of expertise – various design scenarios)

· Situational Awareness [5] (control of violations, improvements related to the situated action)

· Reliability and Robustness (system’s stability and consistency)
The following sections describe each criterion and show how the initial prototype satisfies the above design goals. Each of these criteria is illustrated with a sample sub-scenario of how the system interacts with the user.
User’s Interaction
The main application window of Kammb is composed of 4 major components as shown in Figure 1:

· Menu bar – provides access to configuration options of the system

· Tool bar – provides tools for use in the construction and manipulation of the virtual landscape

· Landscape canvas – the graphical component which displays the view of the virtual landscape

· Stencils pane – the means by which the user can select the landscaping component to add and manipulate in the landscape canvas
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Figure 1: Virtual Landscaper

To begin designing the landscape, the user first draws a container box to define the bounds of the garden space. To add landscape components, the user will drag a stencil onto the canvas, and manipulate its properties with the tools provided by the toolbar (see Figure 2).
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Figure 2: Dragging Components onto the Landscape Canvas

Critics

To facilitate mixed-initiative dialogues [6], the system will interpret the actions of the users and attempt to infer their objectives.  Once an intention has been recognized, the system may offer a critique of an action or set of actions by means of interactive dialog components.  These components, or critics [9], allow for the user to clarify the intent of an action, or to make response to the system regarding their acceptance of the critique.  

The system provides a dialog box where the users select the particular types of critics they would like the system to check (see Figure 3).  
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Figure 3: Critic Types
· Aesthetics deal with “subjective” beauty of the garden such as whether the user desires blue flowers over red-colored ones.
· Spatial critics determine collision among garden components related to width and height spaces

· Persistence determine the longevity of the plants, that is, seasonal considerations
· Economic deals with the expenditure of the garden components themselves as well as the cost for maintenance.

To control the behavior of the critics, the system will provide an intrusiveness setting which can be one of four options:

· No critics

· Only error messages

· Error and warning messages

· Automatic mode
(See Figure 4 below).
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Figure 4: Types of Critic Messages
Two kinds of critiques are offered by the system: warnings and errors.  These relate to aesthetics and component arrangement respectively.  An important priority in the design of these critics is to make users feel comfortable with the kind of feedback they receive.  If the density, strictness (inference engine rules and complexity), or amount of feedback is more than the landscape designer desires, then these factors can diminish productivity or even willingness to use the system again. Hence, the choice of critics is extremely important in the design of Kammb. Another challenge with critic design is how to properly satisfy the need for help without disturbing the attention of the user from the purpose of his work [8].
Intrusiveness
Suggestions in the Kammb prototype are generated based on two task analysis specifications (see Figure 5 below):

· Container borders: detects collision violations among landscape objects such as components placed on top of each other.

· Stencil grids: deduces patterns when the same objects are juxtaposed among one another in the same container.
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Figure 5: Task Analysis
Additional critiques also appear when requirements for the components are not met. For instance, when plants are not in close proximity to a water source, a critic message is generated for adding a sprinkler.
To indicate to the user when the system has a critique, a small red or purple light will appear in the corner of the window indicating when an error or warning has occurred. A violation due to any of the above specifications causes the red signal to appear on the bottom of the landscape canvas. The placement of the red signal on the status bar of the application gives the user the flexibility to attend to the critic messages without directly interrupting the user’s design task. The purple light indicates a suggestion, which may occur if the system recognizes a pattern in the user’s design task. The following diagram (Figure 6) shows an instance of a red and purple light occurring in the garden design.
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Figure 6: Red and purple signal on status bar
The user may then, at their convenience, attend to the critique(s) by clicking on the light, which will provide a dialog pane below the status bar listing them (see Figure 7). This dialog pane can be minimized. 
[image: image7.png]osition: (252.5625,63.25) feet, (360.0,585.0) pixels.
fiewing Area: 30.5625 X 36.75 feet

Description

move object dogwood or Waterbell

move object dogwood or Travelling Sprinkler

move object dogwood or pond cypress

move abject Fence Standard 2 or pond cypress

move abject Waterbell or pond cypress

move abject Three-tier or pond cypress

move object Travelling Sprinkier or pond cypress

move object Travelling Sprinkier or pond cypress

00000000

/add  sprinkler





Figure 7: Dialog listing critic suggestions

Adaptability
A tool that is too fuzzy or simple can support the preferences and abilities of only a limited number of users. Hence, a general purpose landscaping system should be designed to be very adaptive [7], providing basic functions for the novice but also more advanced features for those who are knowledgeable in the art of developing landscapes. Since the goal of Kammb is to allow for users of different experience levels to design various types of scenarios, the system will adapt to user actions in a descriptive way by analyzing previous patterns of behavior and suggesting further action or changing the level of aid the system provides.
The critics are functionally backed by an inference engine [10], which dynamically evaluates the landscape representation and searches for the existence of specific conditions defined in a rule base. The issues with building a good set of critics do not simply involve providing useful design feedback but to offer the correct critiques at the appropriate time, so that relevant information can be conveyed to the user within the context of the design task [8, 13]. The system must attain an appropriate scope and have access to an amount of knowledge [14] necessary to provide strong rationale for suggestions. Design domains are continuously evolving [11, 12], so 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 [5] before offering suggestions to the user.

Users can choose the amount of interaction they desire with the critic suggestions. As shown in Figure 4, the types and hence quantity of suggestions generated by the system can be limited by choosing no critics, warnings, errors and warnings or automatic. The automatic setting is discussed in the next section.
In addition, the prototype can recognize borders on a component. For instance, suppose the user drags a fence component over to the top of the container box that represents the dimension of the garden. The system can then suggest bordering the entire garden with this type of fence as shown in Figure 8.
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Figure 8: Bordering a garden with Fence Standard 2
Users can also adapt the system to their needs by modifying the rules for the inference engine (see Figure 9).
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Figure 9: Option to Modify Rule
A dialog pops up allowing the user to edit the rules regarding bordering the garden with this fence option (see Figure 10).
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Figure 10: Modifying Rules
Situational Awareness
The Kammb Landscape system tailors to the user’s situated action [5] by providing the Automatic intrusiveness setting (see Figure 11). The system keeps track of the number of each type of critic messages generated, from suggestions associated with the aesthetic of the landscape to violations among the garden components. If many violations are produced, then the system provides more guidance to the user by adapting its help messages. On the other hand, if the system provides many aesthetic suggestions and few violation messages, then less critique messages of any type are subsequently recommended.
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Figure 11: Automatic Critic Setting
Additionally, the Kaamb prototype recognizes patterns associated with a container. Consider drawing a container to represent a garden bed, and placing marigolds along the garden bed. When the fourth marigold is drawn, Kaamb displays a purple information icon on the status bar (see Figure 12.)
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Figure 12: Moving marigolds onto the garden bed

When the user selects the information icon, a dialog pane asks if the user would like to set up a grid, that is, a grid of marigolds in the garden bed (see Figure 13). 
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Figure 13: Viewing suggestions

On selecting yes, the entire garden bed is filled with marigolds (see Figure 14.)
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Figure 14: Setting up a garden bed with marigolds
Reliability and Robustness
The application must provide support for the above mentioned features without loss of performance, stability and consistency. This prototype is still under development and we are working to ensure its stability and robustness.
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