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ABSTRACT

 Architectural designers commonly use three-dimensional drawings for visualizing and simulation. But drawings are always provided in 2D, and designers ought to reconstruct with their hands and imagination the 3D CAD. Hence, an automated procedure is definitely needed to reconstruct the 3D CAD from the 2D input drawings (projections). But the problem is that any algorithm which is trying to solve this problem will face the missing of information about the coordinates. These information are the big issue that faces this reconstruction problem for the past three decades.
In the presented tool, we’re suggesting and constructing an automatic way for building the 3D wireframe from three 2D-projections; side, front and top projections.
Finally, the constructed 3D CAD is analyzed to be built in Minecraft game as a simulation for a robotic builder.


Index Terms— Orthogonal, Projections, 3D 2D, CAD, Simulation


1.  INTRODUCTION

Programs for 3D CAD modeling such as AutoCAD are widely used by architectural engineers for modeling their buildings and surfaces. Many models are now represented by the means of orthographic views (They are specific 2D representation of the product that shows the building from 3 or 4 directions or points of view). Thus, an automatic tool for converting this orthographical representation into 3D cad models is crucial. 

Studies on the problem we’re presenting today started since the 1970s, and a huge amount of publications and scientific literatures has been presented and are divided into two different families: Wireframe-oriented approaches (B-rep) and Volume-oriented approaches (CSG).
The preferred one from the previously mentioned methods is the B-rep based one.
 
What we are presenting in our tool is concentrated on both of the mentioned families; because we’re hoping to come up with a tool that can build a full 3D building, not just its edges. But the problem is that there are many possible accepted models for a given orthographical projection and there’s a lack of precision detecting the correct one without this ambiguity.








The first study on this topic was performed by Idesawa [1] and he’s implemented an algorithm that was on the boundary representation approach.
Reconstructing the 3D CAD from orthogonal projection can be used in many fields, like architectural design and simulation process. So, a tool for automating the reconstruction problem is crucial, especially when the shape gets more and more complex, and this is why this problem has been under study for the last 4 decades. Models can take the shape of a sphere, canonical and more complex ones.

Due to the huge size of the problem and the small amount of time in the period of this course, we’ve limited our tool functionality to be only able to solve for simple shapes, i.e. lines are either perpendicular with the surface, or in parallel with it. A generalization for our tool is very possible, and it’s been engineered for some kind of generalization.

The tool we’re talking about is a product of previous algorithms that failed in many cases. In the previous solutions, one was depending on the shared corner to detect the features of the shape. This approximation caused too much ambiguity and totally thrown away. But it produced another approximation which depends on the shared edge between corners.

The key idea from our tool is to provide an efficient solution for the reconstruction problem, that is, when it’s ran on a simple machine, it can produce good results; because at the end of the day, it shall be ran on a robot that will build the 3D model in real life

The represented tool is a key for all applications that look forward taking the input from a human and build a 3D model as the human expects. It’s hard for human to provide an application with the 3D representation of a model, but it’s too trivial to provide it with a set of projections for the given 3D model; our tool doesn’t just draw the 3D model for the given projections, but also outputs the 3D model in a 3D matrix representation; making it easier for applications to take the input and manipulate the model easily without any kind of transformations.


2.  Literature Review





Surfing the literature about this topic, one can observe that the reconstruction problem has been under study for the past four decades. The paper in  presents an automated procedure that will help those who try to produce solutions for the reconstruction problem. He’s talking about reconstructing the wireframe from given three 2D projections. The author presents Boundary representation of the CAD, and focusses on creating all possible wireframes that satisfy the orthogonal projections. But the problem is that there are many possible accepted wireframes for the orthographical projection and there’s a lack of precisely detecting the correct one without this ambiguity.

From the introduction in , Ho’s and Meeran’s algorithm solving the reconstruction problem could build the solid and curved surfaces of the 3D CAD, but they (as we are doing) had to make a use from the user trivial help.
The author in  describes the B-rep as a bottom up approach for solving the problem that starts with the vertices and edges, Wang. Wesley & Markowsky used it, based on algebraic topology to stabilize the consistency of the output, which made a breakthrough in solving the ambiguity of the reconstruction. The author presented a new way of building the 3D CAD.


3.  Principals of Working (System Architecture)

The following is the pseudo code for the tool:

Add to open (initial point)
While (open isn’t empty)
Old corner = pop from open
For each (view in views)
Helper, Helper direction = get helper
Displacement = 1
While (no corner after Displacement)
Increment Displacement
Add the new corner to open
Add the Old corner to close

Draw lines between all corners in close


You might wonder what the helper is; it’s a view (Other than the  in process) which shares the edge we are tracing with the  in process. In engineering drawings, this helper is a key method to know the edges of the 3D CAD for the engineer who’s drawing it. Our algorithm has a key new idea to make benefit from this; it traces a shared line in both views until a corner is detected in both views, then it assumes this line is part of the 3D CAD and draws it.

Figure 1 shows the tracing of a line shared by both side and front views. You can notice that the arrow with color of pink in the side view can be traced using the front helper view. Also the green 






one in front view can be traced using the side view as a helper and vice versa. You also can notice that multiple sharing can occur, but this is not a big deal in the shown figure; because we already have a corner with known coordinates, so it’s easy to determine which one of these to follow in the helper one.

[image: ReportImage2]

In the highlighted arrows from the figure, both views share the same direction of tracing, but it’s not the general case. For example a mapping shall be applied when tracing in side view using the top view as a helper.


4.  Experiment and Performance

Our tool has been heavily tested on different examples, it always produces the correct wireframe. It sometimes produces some extra lines that are on the surface, but this is not a problem; because after the procedure of creating the wireframe for the model, the fleshing of the surfaces will start and these lines mainly disappear.
The testing procedure was mainly containing of the next steps:

· Manually draw a 3D CAD
· Decompose it to its 3 projections
· Provide it to the tool
· Compare the output with the actual 3D CAD


5.  Fleshing Out the Surfaces

As mentioned above, we are in this tool interested in obtaining the full model and not only its wireframe, that is, another algorithm for fleshing the surfaces of the current wireframe edges is highly needed. The main idea from our fleshing algorithm is to flag all cells we can reach from the outer boarders, where the flag indicates that this cell is blank and won’t be filled; because it is outside of the building. While the cells that aren’t flagged will be filled.
This procedure shall be applied on all cells in the 3D matrix (which we’ve obtained from the wireframe finding process), then, we have in our hands the full 3D model that represents the given projections.

6.  Building inside Minecraft

You might wonder, why bothering with the 3D matrix skeleton for describing the model in 3D? We’ve discussed that






the final goal from this project is to construct a robot that can take the input as projections and it takes care of reaching to 3D CAD. As any builder, the Minecraft character – which will simulate the robotic building – requires to build the model from bottom to top (in order to avoid overlapping with previously built surfaces,) that is, we need to provide it with the data structure that can be decomposed into a set of layers regarding to z-axis, and analyzed (the layers) one after the other.
We’ve used Malmo open source plugin; that provides us with the basic control instructions of Minecraft character. Building instructions are produced when executing the python script “Minecraft-Plugin.py” which reads the layers from a file.
We’ve created our own algorithm that will build the 3D model, using the given layers, this algorithm must instruct the Minecraft character with building instructions and make sure that the character is always at the line of building; to avoid falling while building.


6.1 Final Building Algorithm

[bookmark: _GoBack]We are in our building algorithm concerned in putting the blocks in their right place, regarding to what’s given by the layer 2D matrix, the matrix values are either 0 or 1, zero stands for nonexistence of a block and 1 for otherwise.

     But after taking the input layers, the layers are refined so the value of 3 is put in the cell which has a 0 value and is under a cell containing a value of 1 or 3 in the higher z-axis layer. See the next figure:
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From the figure, it’s clear that the cells a, b, c, e, g and i will have an initial value of 1 when the layer is read. While the cells d, f, h, j, k and l will have an initial value of 0. But after the refinement procedure, the cells f, j and k will have the value of 3 to indicate that they will have a block of a special type, this block shall be invisible but the Minecraft character can walk and build on it, we chose the Glass block to reside there.
This is an important decision we’ve made, because a building command can’t be processed unless the character is pointing on an existing block, so we must have a block under each block to be built.

Taking the refined layer as a 2D matrix, the algorithm main criteria is as following:








1 Get available start point
2 Find all possible directions to go
3 If it has more than one direction to go, then add it as a stop point
4 If there’s no available directions, go backward to a previous stop point. If there’s none, then repeat 1 until no starting points remain
5 Move a step to any possible direction
6 Repeat 2




8.  Conclusion

We look forward building a real robot which can build. But as a starting point, we are making a simulation for this robot, this simulation is on the Minecraft game.

The presented work opens the door for many applications in the future, as it can be used to build a plugin for Minecraft that automates the building process, which gamers used to request.
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