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Abstract 
 As time goes, it is expected the amount of data will increase explosively, 

which needs better data processing technology for resource optimization as 

well as data processing algorithm. 3D printing is a good example to need to 

process heavy data. To generate 3D objects by a 3D printer, 3D model is first 

generated, and then converted to operations which the printer can interpret. 

3D object surface is represented by facets and the number highly depends on 

the height or precision of the output, which much more conversion needs 

time from 3D model to printer operations. In this paper, we first devise a 

conversion algorithm on distributed systems and then adjust it on hadoop 

systems. The motivation of our distributed algorithm or hadoop-based 

algorithm is that the conversion from a facet does not affect the other facets. 

In case of distributed algorithm, the conversion process is divided into two 

phase: first, grouping facets according to z-axis value, and second, generating 

g-code from facets which are ordered by z-value. Those phases will be done 

in distributed manner. To do so, there are n+1 processing nodes and the first 

one n0 plays a role of coordinator. Apache hadoop is a software framework 

to support distributed processing for large data set and its application range 

gets widening. The second, hadoop-based algorithm proceeds to step 4: pre-

processing, mapping, mapping, shuffling, and reducing. Finally, through the 

simulation works, we come to know the transformation can be done well in 

proposed environments.  
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1 Introduction 

 Several research institutions have focused on the importance of data 

continuously, and the recent new ICT-related technologies come from data. 

Big-data or AI is a good example, which also needs heavy volumes of data 

[1, 2]. According to [3], it is expected the amount of data will increase 

explosively. The fact shows that the data processing technology as well as 

the data-related algorithm is also important. 

 
Figure 1 3D printer 

 3D printing (or additive manufacturing) is a process of making three 

dimensional solid objects from a digital file [4, 5]. 3D printer‟s header moves 

to x- or y-axis direction and ejects ink to the plate (fig. 1).  In order to do so, 

3D model is first generated by dedicated software such as AutoCAD, 

solidworks and so on. The model data should be converted g-code which is 

operations for 3D printers, and finally printing can start.  

 A 3D model generally represents surfaces in small 2d triangles, named 

facet. A facet contains 3 coordinate data (xi, yi, zi). The model file contains 

lots of facets data without any rules. In contrast, printing generally proceeds 

from bottom (low z-value) to top (high z-value).  Thus, all facets need to be 

sorted according to their low z-value.  

 One more thing to note here is that bigger or more accurate 3D model is 

the more facets the file contains. The facet number is an object model highly 

depends on the precision or volume of 3D model. For example, an object of 

10cm height has 7.510
2
 facets, but if the height is 100cm, the object is 

composed of 510
5
 facets. In this case, conversion time is needed about 10

3
 

times more. Thus, its conversion time highly depends on the facets number.  

 Apache hadoop is a freeware java software framework to support 

distributed processing of large amount of data [6-8]. It implements hadoop 

distributed file system (HDFS) and map-reduce. When hadoop does heavy 

calculation works, it does as two steps: a map procedure which performs 

filtering and sorting, and a reduce procedure which performs a summary 

operation. 
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 In our paper, we devise two conversion algorithm from 3D model file to 

g-code. The first one is distributed algorithm. 3D printer needs operation, g-

code, and thus we first need to sort all facets in 3D model file according tothe 

lowest z-value. To do so, facets are divided into n blocks and each block is 

delivered to the data node. Those data nodes do sorting work and returns 

back. All sorted blocks are combined and made a final one block. As a 

second step, sorted facets are again split into n blocks and delivered. Each 

data node generates g-code by finding facets with z-axis (0  maximum 

height) independently of the other nodes while  increase from 0 to a certain 

unit.  

 The second algorithm uses hadoop system. Overall conversion algorithm 

is similar to the first one except that it takes advantage of hadoop system‟s 

features. In mapping, n-blocks of facets are delivered and sorted. In reducing, 

g-codes are generated from n-blocks of facets.   

 The research issues related with our interests are 3D printing and hadoop 

system, so this section is divided into two subsections.  

 
1.1 Related Works - 3D Printing 

 

 3D printing is a building process of a three-dimensional object from a 3D 

model data, usually by successively adding material layer by layer, which is 

why it is also called additive manufacturing. the term "3D printing" covers a 

variety of processes in which material is solidified under computer control to 

create a 3D object, with material being added together (such as liquid 

molecules or powder grains being fused together), typically layer by layer. 

 To do printing, it first makes 3D model data (modelling). At that time, 

standard interface and software generally makes model data according to 

STL (stereolithography) file format [17]. 3D model data is converted to 

operations (g-code) which printers can understand (converting). Whenthose 

operations are uploaded on a printer, target objects are generated as header 

moves and eject materials on the plate (printing) [4, 5].  

 Researches related with 3D printing can be classified into three 

categories: making printing devices, finding printing materials, and it-based 

data processing. The first two topics are mainly covered in 

mechanical/electrical engineering or material engineering. Naturally, our 

paper is the last one – data processing from 3D model data.  

 As noted before, 3D model is the first job and the related works focused 

on generating a model data that accurately reflects product characteristics. 

 In [10], it was proposed a method for bi-directional reflectance 

distribution function that deals with minute changes on the surface of the 

product. The authors in [11] had interests on force-weight ratio during 

printing, and proposed surface mesh model to deal with the subject. In 

contrast, the authors in [12] noted that the actual output differed from the  

https://en.wikipedia.org/wiki/Computer_Numerical_Control
https://en.wikipedia.org/wiki/Three-dimensional_space


 
 

 
 

 

 

originally expected model and developed a simulator which showed actual 

printed object in advance. In comparison, we focus on the process of 

transforming 3D model data to g-code.  

 

1.2 Related Works - Apache Hadoop 
 

 Apache hadoop is a framework that allows for the distributed processing 

of large data sets across clusters of computers using simple programming 

models. It is designed to scale up from single server to thousands of nodes, 

and to deal with structured/unstructured data. Hadoop‟s mapreduce job 

scheduling algorithm has several advantages – redundancy, scalability, 

parallel processing, distributed architecture, and so on. The paper in [13] 

comparatively analyzed the advantages, disadvantages, and main 

characteristics of various mapreduce algorithms. It also noted that HDFS is 

not compatible with posix and it is not easy to apply to various HPC 

environments. Thus, to solve the problem, the authors in [14] proposed 

marine which can be applied to various HPC environments. Like this, the 

main research topics in hadoop are to enhance hadoop system's performance.  

 Thanks to its excellent scalability, hadoop is being used for data 

processing in many applications. In [15], multi-purpose application 

optimization technique was proposed on public cloud. The main 

consideration of the technique is the cost of processing and time-efficiency. 

For example, hadoop is used to solve the mathematical problem [18], 

handwritten recognition [19], and medical data processing [20].  

In this paper, we have not interests on performance enhancement for 

hadoop; that is, we just use hadoop to reduce the computational load on 

conversion work for 3D printer. 

 

2 Material And Method 

2.1 Problem  
 

 Our main idea is to reduce the conversion time by decentralizing all data 

to several nodes. It means that the processing of some data should not affect 

the rest of the data. However, some other facets affect the final g-code during 

conversion as shown in fig. 2. In the figure, surface on 3D model is 

represented by many small-size triangles, named facet. Each facet contains 3-

dimensional coordinator data. The red line means the plate of the 3D printer. 

the material ejected from the header is accumulated on the plate and thus 

printing generally proceeds from bottom to top. The main operations of 3D 

printer are 1) header‟s move in x-, or y-axis, 2) header‟s ejecting ink on the 

plate, and 3) plate‟s move down. That is, when the plate moves down and 

stops at a height, header goes to the first position and then keeps moving  
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while ejecting inks. Those first position and printing line should be 

calculated from facets that meet with the current height of the plate. Thus, 

when the current printing height is h, all factes should be found which 

overlap that height. 

 

 
Figure 2. Facets which affecting each other during conversion 

 To do conversion from facets in STL file to g-code for 3D printer, two 

tasks that require a lot of calculation is sorting and generating g-code. In this 

paper, the algorithm will be proposed to do those tasks in distributed manner.  

 

2.2 Distributed Algorithm  

 

 It is assumed there are n+1 nodes ni (0  i  n) in distributed system and 

node n0 is a coordinator and the others are processing nodes.  Conversion will 

proceed in two phase – sorting phase and generating g-code phase. in the 

algorithm, the target object‟s height is assumed h.  

Phase 1: sorting  

1. Node n0 divides entire facets into n equal-size blocks and delivers them 

to processing nodes ni (i  0).  

2. Each processing node ni does sorting by the smallest z-value of each 

facet and returns si to n0.  

3. When n0 gets all si from nodes ni, it makes a fully sorted facets file from 

partially sorted files by using merge sort algorithm.   

Phase 2: generating g-code  

1. Node n0 divides entire sorted facets into n blocks based on the minimum 

z-value. node ni will get a block which contains only facets with z-value 

greater than  ⌈
 

 
⌉        

 and less than ⌈
 

 
⌉   . it means that node ni is only responsible for the 

facets of that height.   

2. Each node ni knows at what height the plate stops.  

At the height ht, it finds all facets f corresponding to the current height of 

the plate. it is very easy job since facets are sorted by the smallest z-value.  

For each facet in f, it calculates the coordinates of the intersection points 

at ht by using equation (1): 
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(1) 

 Those coordinates indicates where the header moves and ejects ink and 

thus converted into g-code.  

1. After all facets in f are processed, some optimization works have to be 

done. however, it is beyond the scope of this paper, and we do not 

consider it any more. 

2. Plate height is lowered at regular interval. if the height is lower than 

⌈
 

 
⌉   , goes to step ①; otherwise, the node ni returns the generated g-

code to n0. 

3. After node n0 gets g-codes from all nodes ni, it just make a new g-code 

file by inserting g-code according to i.  

 To explain equation (1), see fig. 3. the left triangle is an example of facet 

with three 3D coordinates. in right figure, the red line is a plate. the point r1 

is the point where a line segment connecting p2 to p3 in the facet and the 

plate intersect; r2 is the similar. thus, the equation (1) is linear equation in 3-

dimensional space where the current plate height is  and thus assign  to 

variable z. if two coordinates r1 and r2 are calculated, it means that header 

moves from r1 to r2 and ejects printing materials on the line.  

 

 

Figure 3 calculation of the coordinates of the intersection between facet and the 

plate 

 

 In this way, each node‟s work does not affect the other nodes in phase 1 

as well as phase 2, and thus the proposed algorithm can take advantages of 

distributed processing. it is because g-code generation only needs one facet at 

once and it operates completely independently although a facet meets the 

plate height at h and h (h  h). 
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2.3 g-code  
 g-code is operations for 3D printers and thus its format varies from 

printer to printer. In this paper, conversion of original 3D object was 

performed using CURA, which is widely used as conversion software. and 

then operation code was extracted in reverse from g-code file. after the file 

header, the operations are listed in order. in the example code below, g1 is 

the head movement. 

g1 f1200 x77.453 y75.701 e0.05826 

g1 x79.332 y74.083 e0.11656 

g1 x81.327 y72.611 e0.17486 

. . . 
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2.4 Hadoop-Based Algorithm  
 

 A small size hadoop cluster is composed of one master node and several 

worker nodes. a master node does a role of jobtracker, tasktracker, 

namenode, datanode. like distributed algorithm, it is assumed there are n+1 

nodes, n0 is master node and ni (1  i  n) are worker nodes. in hadoop, all 

worker nodes can access data stored in HDFS and perform read/write. 

 When using hadoop for large data processing, there are 4 phases: 

preprocessing for input data, map, shuffling, and reduce.  

 In preprocessing phase, only coordinates are extracted in a series of 

numeric formats from a STL file since the other property data contained in 

the file are not needed when hadoop is processing them. in addition, the 

largest and the smallest z-value are extracted for each facet. as a result of 

map phase, (key, value) pairs of data are generated, which are sorted 

according to key value and then stored into HDFS.  those data will be read in 

reduce phase. each process is explained in detail from the next subsection. 

 

2.4.1 Preprocessing Phase 
 

 In this phase, the data is extracted and converted into strings which was 

taken from the file. The STL file is shown in the below box. The remaining 

data other than the coordinates are stored in widely used files, but it is not 

required in the data conversion process.  

 
 

                                     Figure 4. STL  
 

 That is, for each facet data, the coordinate-related data are expressed in 

string format for next phase. for example, after coordinate data (11.2, 12.5, 

6.3), (10.3, 12.7, 7.2), (10.8, 12.9, 7.2) for a facet is read, it is stored as “11.3 

12.5 6.3 10.3 12.7 7.2 10.8 12.9 7.2”.   

 

 

2.4.2 Mapping Phase  
 

In general, a 3D printer moves the plate down by a certain interval, stops 

it, and prints while moving its header. It means that 3d printing operations 

can be roughly divided into plate movement command, header movement 

command, and printing command. Therefore, we need to generate 3d printing 

commands from preprocessed file. 



 
 

 

 

 

  

     At first, this mapping phase is performed on worker nodes. Each node 

receives some parts of preprocessed file from the master node and generates 

g-codes using facet data in the file. One thing to note here is that facets are 

independent of each other since a facet data only has its own data including 

coordinates and that data does not affect the other facets. Therefore, the work 

on one worker node is independent of the other nodes. For example, each 

node reads the string from a facet (fig. 5) and generates g-code as shown in 

fig. 6. 

 
Figure 5 an example of a facet 

 

 

  

 

 

 

 

 

 

 

 

 

  
Figure 6 An example to generate G-code from a facet when it is assumed the plate 

moves down by 0.5 
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 As shown in fig.2 and 3, when a facet overlaps the current height of the 

plate, the overlapped (x, y) values should be calculated, which is the section 

that will be printed. Each node first sets the initial height of the plate, find all 

facets that meets the plate and calculate the intersection points. after 

increasing the height of the plate by a certain size, the same operations are 

repeated. the increase in plate height is affected by the thickness of the ink to 

be printed 

 In fig. 6, it is assumed that the thickness (or the interval) is 0.5.at the top 

of the figure, several blue dotted line indicate the area where the facet meets 

the plate. This means that in order to print the surface represented by one 

facet, several layers of printing material must be stacked. The lower part of 

fig 6 shows that the vertices considered in the calculation are different 

depending on the facet z value and the plate height.   
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 The algorithm to calculate intersection points for generating g-code from 

one facet has already been described in the previous subsection (see phase 2 

in subsection Ⅲ-b).two calculated intersection points will be stored as a form 

of (key, value) where key is current plate position and value is the 

coordinates. the data pairs calculated in this phase will be used in next two 

phases. 

 

4.2.3 Shuffling Phase 

 

In hadoop, the intermediate output from mappers is delivered to 

the reducer is called shuffling, which generally do merging and sorting the 

output. To do so, the output consists of (key, value) pairs, so they are sorted 

by key. In this paper, key is the z values where the plate will be located. if 

they are sorted by z value, it is easy to generated g-code so that it can be 

printed from bottom to top. That is, there are a lot of the number of facets 

that meets the plate at a certain position, and the intersection points are also 

very large. Shuffling does sorting by key and the results can be shown as 

(key, [value1, value2 . . . valuen]). 

 

4.2.4 Reducing Phase 

 

The last phase, reducing, reducing, combines the output of shuffle phase. 

Its main role is to process sorted data; after processing, it can generate new 

data set. in this paper, that‟s final g-code. Specifically, it reduces a set of 

intermediate values which share key to a smaller set of values, and produces 

a final output.  

After sorting in the previous phase, we should find coordinates and 

connect them to minimize the movement of the printer header since there  

 

 

 

will be multiple coordinate values in one z value. for example, in fig. 2, after 

the leftmost facet is printed, the next right facet should be printed.  

There alg-code differs from printer to printer, as it contains other 

commands indicating various operations of the printer. However, this part is 

beyond the scope of the paper, and is not covered in detail.  

 

5 Results and Discussion 

5.1 Experimental Parameters  
 

 3D model represents surfaces with a lot of facets. fig. 6 shows three 3D 

models. in order for the facet to be able to accurately represent the surface, 

its size is usually reduced. of course, if the precision remains the same but 

http://data-flair.training/blogs/hadoop-tutorial-for-beginners/


 
 

 

 

 

the height of 3D model increases, the number of facets increases. the 

important factor that influences the conversion time in the experiment is the 

number of facets, which depends on the size and precision. 

 
Figure 6originalobjectand3Dmodelrepresentedbyfacets 

 

 

Figure 7 original object to be used in the experiments 

 

 Fig. 7 is an original 3D object, which is seen from above and from the 

side. In the experiment, it is assumed that precision is defined as the accuracy 

of the modified model compared to the original model. Our original object 

was created in autocad and then converted into 3D model with CURA. the 

conversion will be done in distributed system or hadoop and thus the number 

of nodes is considered importantly. TableⅠ shows the main experimental 

parameters. 

  

 

 

 
 

 

Sungsuk Kim et al.7747

 
Table1Main parameters 

 

number of nodes  3-11 

precision (or density)

 

40%, 80% 

Height 5, 10, 20, 30cm 

conversion time (sec.)  
 number of facets   

 

5.1 Results  

 As mentioned earlier, because the number of facets greatly affects the 

conversion time, we try to count the number of facets in the STL file 

converted by CURA as shown in table 2. In the table, d is the first letter of 

density. of course, the larger the model size, the more precisely it is 

expressed, the number increases significantly. 
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Table 2 The number of facets 

 
height 5cm 10cm 20cm 30cm 

d=40% 1,051 4,82

8 

18,31

0 

44,214 

d=80% 6,

327 

58,83

2 

580,34

2 

3,476,830 

 

 For example, 3D model is represented by 1,501 facets where its height is 

5cm and density is 40%, however, the number increases by about 3,400 times 

while its height is 6 times bigger and expressing 2 times more precisely. 

When converting those data using CURA on one node for comparison 

purposes, it took 18.4 sec when 5cm/40% and 17400 sec. when 30cm/80%.   

 Three cases (5cm/40%, 5cm/80%, 30cm/80%) were extracted from the 

table and tested in two environments. the first two cases are for experiments 

where the amount of data is relatively small, and the last one for heavy data. 

the results are shown in fig. 8 and 9 respectively. in the figures, x-axis 

represents thenumberofnodes and y-axis the conversion time. 

 In order to perform in a distributed environment, it is necessary to first 

copy the data of the file. in contrast, hadoop file system (HDFS) supports 

such file sharing without heavy load. When the amount of data was relatively 

small, hadoop environment consumed a larger amount of conversion time  
 

 

 

 

 

shown in fig 8. In the figure, all four cases were within 3 seconds. The 

distributed algorithm showed a relatively better conversion time. It is because 

hadoop required more initial setup time.But the time difference doesn't mean 

much. 

 

 
 

Figure 8 conversion time when height = 5cm and density is 40 or 80% 
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Figure 9 conversion time when height is 30cm and density = 80% 

 

 Fig. 9 contains the result of converting a large amount of data in a 

distributed and hadoop environment. The number of facets is 3,476,830, and 

thus there is considerable time to distribute work data between nodes and 

collect results from them. More importantly, inefficiency occurs when a node 

interacts with n nodes in distributed algorithm; that is, node n0 is a 

coordinator and it takes a long time to process the file when collecting 

results. Therefore, in this case, processing in the hadoop system was much 

more efficient. The conversion time took 30-52% longer regardless of the 

number of nodes. 
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 In this experiment, the conversion was performed using a relatively 

simple 3D model, but if a more complex model is used, the number of facets 

will also be very large. it can be seen that when the number of facets 

representing a model in the developed conversion program is 10
6
 or more, 

the conversion time becomes very large. in this conversion experiment, only 

the height was changed, but in reality, as the height increases, the volume 

increases and the number of facets increases, and in this case, the reduction 

effect of the conversion time will be greater. 
 

6 Conclusion 
 

 Large data processing is one of the important research topics 

ininformation technologies. In order to print a product using a 3D printer, a 

3D model should be created first and then converted to g-code. at this time, 

the number of facets representing surfacesof the model is very large 

depending on the size or precision of the model, and generating a g-code by 

processing such a large amount of facets creates a large computational load. 

therefore, in this paper, after developing the two-phase distributed algorithm, 

it was implemented by utilizing the map-reduce function of the hadoop 

platform. as a result, it was found that efficient dispersion processing is 

possible while reducing the complexity of the dispersion operation process. 

 In the future, we plan to apply a large-scale data transformation using 

more complex 3D models and more data nodes, and if this work is done 

smoothly, it can be applied to various applications (such as big data 

processing or pre-processing for machine learning). 
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