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This paper proposes Adaptive speed slicing algorithm which improves deterioration shown at angle as printing 

speed is increased. This method changes the speed ot printing head to optimal value without deterioration at 

each angle. Optimal value was defined by experiement through each angle printed at every possible speed. This 

algorithm reads G-code created on slicing and measures the length and angle of the section to change. The 

speed is determined by the angle, and rapidly changed causes cracking. So,  the speed of printing head is 

gradually increased from the current speed to the maximum speed, before the mid-point of changing section. 

After the mid-point,  the speed is decreased to optimum speed. In conclusion, Adaptive speed slicing algorithm 

reduce the build time while maintaining surface finish. 
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1. INTRODUCTION 

FDM(Fused Deposition Modeling) 3D printer is used 
for personal 3D printer because it has a low development 
cost. There is also Open-source software that make it easy 
to use FDM 3D printer.(such that Cura1, Repetier2 etc.) 
And the quality of surface finish is advancing every year. 
FDM 3D printer has been used in a variety of applications  
with these benefits. 

The key problem with FDM 3D printer lead to a large 
build time. The printing speed should be as slow as 
possible because it affects output quality. It may even take 
more than a day to make a tiny object. However, simply 
increasing the printing speed makes it difficult for the 
user to obtain the desired result. This contradiction 
between build time and surface finish led to the 
development of different slicing algorithms3. 

In order to reduce 3D printing time, most of 
researchers proposed adaptive slicing algorithms that use 
variable thickness4, 5, 6, 7. The other methods include the 
techniques to reduce support structures8 and dividing the 
model into multiple pieces9, 10. 
*Email Address: Jeong-Mo Hong, jmhong@dongguk.edu 

 The adaptive speed slicing algorithm adjusts the 

moving speed of the print head related to angle so that build 

time reduces and surface finish keep. We have to find the 

appropriate speed for each angel and it is applied to G-code 

that is a command for using FDM 3D printer.  

First of all, 3D models is desingend to experiment with 

various angles. Each these model is tested at all possible 

speed in FDM 3D printer. This experiment is used to adjust 

the  speed when the angle changes. In case that the speed of 

print is head fastly changed, There is a problem of cracking 

the surface finish. This problem is hadled through the 

subdivision that moderately  convert the speed of the print 

head. It was able to maintain quality while reducing build 

time.  

The balance of this paper is structured as follows. In 
section 2, the related adaptive speed slicing algorithm  are 
given. In section 3, The algorithm for the adaptive speed 
slicing scheme will be described in detail. The 
experimental results of comparing the algorithm proposed 
in this paper with other algorithms are also presented in 
section 5. We conclude the paper in Section 6 and suggest 
some future research tasks. 
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2. BACKGROUND 

We introduce adaptive speed algorithm that reduce 
build time by changing speed. The key to the algorithm is 
how to use G-code to change speed and convert it to the 
most appropriate speed that related to the angle for 
maintaining the quality. 

We summarize the notation of the G-code required for 
the adaptive speed slicing algorithm. There are two 
commands related to movement: G0 and G1. Originally 
G0 means rapid linear movement and G1 indicates simple 
linear movement. In FDM 3D printer, G0 generally move 
without extrusion, and G1 extrude filament while shifting. 

In the following, it is a common form of G0 and G1. 
 
G0 Xnnn Ynnn Znnn Ennn Fnnn Snnn 
G1 Xnnn Ynnn Znnn Ennn Fnnn Snnn 
 
G0 and G1 are composed of parameters of X, Y, Z, E, 

F and S. these parameters are important, but the 
parameter S is not used well. And ‘nnn’ is the number that 
has a different meaning for each parameter. Xnnn, Ynnn 
and Znnn are commands that move by ‘nnn’ along the x, 
y and z-axis, respectively. Ennn is the amount to extrude 
between the starting point and the ending point. Fnnn is 
the federate per minute of the move. Snnn is flag to check 
if an endstop was hit. If the values of the parameters in G-
code are consecutively equal, it is possible to omit them. 

Second, We explain about the contradiction between 
printing speed and surface finish. Cambell13 discussed 

suface roughness measurements for vertical angel. When the 

speed of print head move fast, surface roughness is affected 

by the horizontal angle rather than the vertical angel. An 

object with the same horizontal angle is printed at various 

speeds. And we measured the minimum printing speed at 

which surface finish deforms. 

We made the test model for the experiment as shown in 

Fig.1. The size of the angle is defined as the degree of 

deviation from the direction of travel. The test model 

designed so that surface finish measurements could be taken 

easily over a range from 0 to 170⁰ at intervals of 10⁰. For 

each test model, we tried to printing all possible speeds. 

FDM 3D printer can be changed from a minimum speed of 

10mm/s to a maximum speed of 150mm/s. Fig.2 left side 

was printed at 10mm/s and displayed on the model without 

distortion. On the right was printed at a 150mm/s and could 

see that the edge  was distorted.  

Fig.3. is the speed at which distortion occurs according 

to the size of the angle as a result of the speed test related to 

angle. When the angle is from 0 to 10⁰, distortion did not 

occur at the maximum printing speed of 150mm/s. However, 

it was confirmed that the error occurs at a specific speed 

from other angles. In the follows, Fig.3 shows the starting 

point where an error occurs when the speed of print head is 

changed.(20⁰→64mm/s, 30⁰→47mm/s, 40⁰→45mm/s, 

50⁰→40mm/s, 60⁰→36mm/s, 70⁰→34mm/s, 80⁰→33mm/s, 

90⁰→27mm/s, 100⁰→24mm/s) From 110 degree, it was 

confirmed that an error accurs even when the printing speed 

is 10mm/s. 

Through the above experiments, we was found that 

output from 0 to 10⁰ is possible at maximum speed. From 

the next angle, it was confirmed that the printing speed 

should be reduced. Therefore, If the printing speed is 

changed according to the horizontal angle, the error not 

occur and the build time can be reduced as much as possible. 

Also, if there are many parts near the linear line, the output 

can be  made at the maximum speed of FDM 3D printer, so 

that the build time can be greatly reduced. 

 

 
Fig.1. Test model of angles increased by 10⁰ from 0 to 17
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Fig.2. This is the result of printing the test model with the 
same angle at different speeds. The left side is slower an
d the right side is faster.  

Fig.3. Speed at the time of errors by angle (x axis : angle, 
y axis : speed) 
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3. ADAPTIVE SPEED SLICING ALGORITHM 

The existing methods are printed in two parts. External 

slowly prints for the quality of the product and inside 

quickly output for build time. This method can only be 

printed slowly throughout for quality if any of the angles are 

large. Controlling the speed dependant on angle can reduce 

build time sufficiently. Adaptive speed slicing algorithm can 

reduce build time by applying maximum speed obtained in 

section 2 and keeps quality.  

In the following, the algorithm converting uniform 

speed of G-code to adaptive speed will be given. 

Function CONVERT(STRING:G, FLOAT:L, 

INT:N) 

1 BEGIN 

2  i←0; 

3  While(Gi!=NULL) 

4   BEGIN 

5    If Exist ‘X’ and ‘Y’ in Gi==true 

6             BEGIN 

7                 posi=(Xnnn, Ynnn); 

8     d= posi−posi-1    

9 

 

    s=CalAngleToSpeed(posi-1, posi, 

posi+1) 

10                 If (d > N*L) 

11                 BEGIN 

12                     Subdivide(posi, posi-1, s) 

13                 END 

14             END 

15 i++; 

16   END 

17  Return UNSAT; 

18 END 
This algorithm reads the command one line at a time 

from G-code and check whether the command contains X 
and Y. 

First, the distance is obtained by extracting two 
coordinates from G-code. For example, the following g-
code is given 2 line: 

 
G1 X58.24 Y103.30 E25.36676 
G1 X101.76 Y103.30 E27.53763 

 
G-code is extracted the first and second coordinates. 

According to the above, First coordinates that is 
(X1=58.24, Y1=103.30)  means the current position and 
the second coordinate that is (X2=201.76, Y2=103.30) 
means the position to move. and second coordinates. G1 
is a command that moves from the current position to the 
next position. Using two given coordinate, the distance 
between the two points is 43.52mm.  

Second, the angle must be obtained to apply 
appropriate speed through adaptive speed algorithm. the 
angle is obtained from the three points extracted from the 
G-code. we need to extract the three points from the G-
code to find the angle that determines the speed. It is 
assumed that three coordinates of G-code are given as 
follows. 

 

G1 X58.24 Y103.30 E25.36676 
G1 X101.76 Y103.30 E27.53763 
G1 X101.99 Y103.27 E27.54930 

 
As in the first case, G-code is extracted the first 

coordinate (X1=58.24, Y1=103.30), the second coordinate 
(X2=101.76, Y2=103.30), and the third coordinate 
(X3=101.99, Y3=103.27).  With these three coordinates, 
we obtain the vecor to find the angle.  

 
 

θ =  cos−1 (
𝑉1 ∙ 𝑉2

‖𝑉1‖‖𝑉2‖
) ···(2) 

 

The angle between two vectors is obtained by Equation 
2. The angle of the three coordinates obtained from the G-
code is 65.4⁰. 

While the speed changes rapidly during the printing, 
the problem such as Fig.4. can occur in the output. It is 
necessary to gradually change the speed. It needs more 
than enough distance to be able to subdivide. The 
minimum distance to which adaptive speed slicing 
algorithm can be applied is found as follows.  

 

 
𝑁 =  ⌈

(max − 𝑝𝑟𝑒)

𝑐ℎ𝑎𝑛𝑔𝑒
⌉ +  ⌈

(max − 𝑛𝑒𝑥𝑡)

𝑐ℎ𝑎𝑛𝑔𝑒
⌉ ···(3) 

The number of subdivision is determined by Equation 

3. This section is divided into two parts. The first part is 

to gradually increase to the maximum speed and the other 

to little by little decrease to the optimum speed related to 

angle. The first part obtains the difference between the 

maximum speed and the previous speed, then divides it 

by the rate of change. The rest part is obtained the 

difference between the maximum speed and the next  

speed that is determined by angle, then divies it by the 

changing speed. The minimum number  𝑁  required for 

subdivision is obtained through Equation 3 and defines 

the distance 𝐿 of one subdivision. The minimum distance 

required for subdivision is 𝑁 × 𝐿 (mm) . It is checked 

whether the distance obtained from the G-code is larger or 

smaller than 𝑁 × 𝐿 (mm) that is the minimum distance 

required for segmentation. If the distance is large, it will 

be subdivided. Otherwise, repeat the above procedure. To 

summarize the algorithm, first calculate the distance 

through two coordinates from the G-code, and then add 

another coordinate to find the angle. The distance is 

Fig.4. Deterioration caused by rapidly change of speed 
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determined whether it is possible to change to the 

maximum speed obtained through the angle. And the 

distance is subdivision. The distance is divided into two 

parts, the front part is used to gradually increase the speed 

and the rest is used to reduce the speed.  

 

4 EXPERIMENTAL RESULT 

The 3D printer used in this paper is Almond14 of the 

OpenCreators.  This model is an FDM 3D printer using 

FFF(Fused Filament Fabrication). The size of the main 

body is 306(w) × 357(h) × 420(d) and the size of the 

maximum printable size is 150(w) × 140(h) × 150(d). 

The filament is a PLA filament made by eSUN, having a 

diameter of 1.75mm and a melting point of 190 to 220⁰C. 

The material of PLA filament used in this experiment is 

strong compared to ABS material but has a characteristic 

of being fragile. 

The experiment of this paper made a star-shaped 3D 

model that was created with Sketch to test various angles 

at once. The 3D model was converted to G-code by Cura 

14.03OC that is Open-source software. Since it is 

intended to measure changes in quality at the edges, the 

interior is emptied in the right side of Fig.5. Three files of  

G-code were created to compare the existing algorithms 

and our proposed algorithms. The first was set to the 

speed to 30mm/s for maintain stable quality. The second 

was applied adaptive speed slicing algorithm that 

converted g-code made on the basis of 30mm/s. The last 

one was set to the speed to 70mm/s to compare adaptive 

speed slicing algorithm. With these three G-code, We 

print the experimental model using Almond of the FDM 

3D printer and compare the build time and the quality. 

The result of the printing test model is shown in Fig.6. 

Manufacturing the test model at 30mm/s took 222minutes 

and  had a stable surface finish. the quality in the straight 

line was uneven. The result at 70mm/s was the fastest in 

100minutes. It was confirmed that an error occurred at all 

angles. The adaptive speed slicing algorithm only differed 

by 1minute compared to 70mm/s and the result was 

similar to 30mm/s. Especially, it showed better quality. 

As a result, the output of our algorithm reduced the buil 

time by 121minutes over 30mm/s and was better qulity 

when we compared the quality with the output of 70mm/s 

in similar time. Therefor, it was confirmed that the build 

time can be reduced when the output speed is changed 

related to the angle, and the quality is also better than the 

printing speed at the same time.  

 
5.  CONCLUSIONS 

We propose an adaptive speed slicing algorithm that 

adjusts the speed according to the horizontal angle. We 

found the maximum printing speed at which the error 

does not occur according to the horizontal angle. And it 

kept the quality of the surface and reduced the build time. 

While the printing speed is sharply changed the surface 

finish go bad. We solved this problem by gradually 

changing the printing speed through subdivision. 

Therefore, our proposed algorithm reduces the build time 

compared to uniform speed. 

In the future work, We will improve the algorithm so 

that it can be applied to the short distance that are not 

possible at current. make the adaptive speed slicing 

algorithm possible. By adjusting the output speed and 

extrusion amount together, we can reduce the build time 

whie finely surface finish both horizontal and vertical 

angle.  
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