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Abstract. In the 3D printing process, the 3D CAD model is built in CAD system and sliced into a 
series of 2D slices. The 2D cross section data contains a lot of unnecessary idle running. If transform 
the original data into processing path code directly, the processing efficiency will be significantly 
reduced. A path optimization algorithm is developed in this paper. The minimum spanning tree 
strategy is utilized in this algorithm. The starting point and the ending point of every single loop are 
resorted. The shortest processing path of 2D cross section is acquired by this algorithm. The case 
study results show that the efficiency of whole 3D printing is increased. 

1 Introduction 
The 3D printing technology which belongs to Rapid Prototyping is based on computer numerical 

control, computer graphics, materials science and technology, computer aided design, digital 
manufacturing, and laser technology [1-4]. In the 3D printing process, the 3D CAD model was built in 
CAD system and then sliced into a series of 2D slices[5-6]. After that, the 2D cross section data was 
obtained and transformed into NC codes, and then the 3D product was accumulated step-by-step and 
layer-by-layer in 3D space[7]. 3D printing process has the following steps, and which is shown in 
Fig.1 and Fig.2[8-10]. 

Step 1. The 3D model of product is built by CAD system. 
Step 2. Slicing software slices the 3-D CAD model with certain thickness after analysis and 

selection of forming direction. 
Step 3. Under the control of computer, the 2D cross section of current layer is processed by the 

laser beam or the micro drop nozzle. 

 
Fig.1 Process principle of 3D printing 
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Step 4. Worktable falls down with the distance of one layer thickness and next layer of material is 
processed. Repeat the step 3 and step 4 until the physical prototype of part which is built by CAD 
system is obtained. 

Step 5. The physical prototype is post-processed according to the product requirement. 

 
Fig.2 Processing flow chart of 3D printing 

The process of 2D section scanning is the core process of 3D printing. The efficiency of this 
process determines the efficiency of whole 3D printing process. The 2D cross section data extracted 
by slicing the 3D CAD model is fragmented. So, if the data is transformed into processing path code 
directly, there will be a lot of idle running and the processing efficiency will be reduced. In response 
to this circumstance, a path optimization algorithm is developed in this paper.  

2 Path optimization algorithm 

The 2D section sliced from 3D CAD model is composed of one or more loops. There will be a lot 
of unnecessary idle running while the original data is output to transform the path scanning code, as 
shown in Fig.3. The solid line is 4 loops waiting to be processed, and the dashed line is idle running. 
The idle running is unnecessarily long. 

The every single loop is a closed-path, so, the starting point of scanning is also the ending point. 
To avoid unnecessary idle running, the starting point and ending point of every single loop are reset. 
All the other points on the every single loop are re-sorted. By this algorithm, the starting point of 
currently processing loop is nearest the ending point of previous loop. The algorithm is described 
below. 

Step 1. Resave the point sets data of every loop on the current 2D section. The point set coordinate 
of one loop saves as one array, and F is the set include all array. 

Step 2. The point P in set F nearest the origin of coordinates is the processing starting point and the 
loop which contains the point P is called loop PL.  

Step 3. Resort the points in loop PL and save it in new set N. Delete the loop PL in set F. 
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Fig.3 Un-optimized original path 

Step 4. Find out the point Q which is nearest point P in set F. The loop which contains the point Q 
is called loop QL. Set Q as the scanning starting point of loop QL, also, as the end point of loop QL. 

Step 5. Resort the points in loop QL and save it in new set N. Delete the loop QL in set F. 
Step 6. Repeat the step 4 and step 5, until F=Φ. Then, all loops in set N are the optimized paths in 

current 2D section. 
Step 7. Regenerate the new scanning path by using the point data in set N. 
Fig. 4 shows the Optimized path, and the idle running is shortest. 

 
Fig.4 Optimized path 

4 Summary 
The process of 2D section scanning is the core process of 3D printing. If transform the original 2D 

section data into processing path code directly, there will be a lot of unnecessary idle running and the 
processing efficiency will be reduced. A path optimization algorithm using the minimum spanning 
tree strategy is developed in this paper. By this algorithm, the idle running is made the shortest.  The 
case study results show that the efficiency of whole 3D printing is increased. 
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