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An Introduction to Ulendo FBS 
 
Ulendo FBS is patented vibration compensation software that can be used by 3D printer 
OEMs to enhance the speed and accuracy of their printers. 
 
This document outlines the development of Ulendo FBS (filtered B-spines), a software 
innovation for the additive manufacturing (3D printing) industry. When added to an OEMs 
printer controller, FBS increases printing speed and accuracy with less waste.  
 
Problem Statement 
 
Additive manufacturing (AM) is a fast-growing industry that is disrupting conventional 
manufacturing. Today, AM is being used to produce parts for industrial manufacturing and 
prototyping, small business manufacturing, academic research, and a host of other 
applications across a variety of industries. One of the primary benefits of AM is its ability to 
provide customization to meet the unique end-user's needs.  This has led to AM’s 
increasing adoption in several high-value industries, like aerospace, biomedical and 
automotive. Additionally, we've seen an increase in research investment into novel 
materials that can be incorporated into the AM landscape such as metals and carbon-
based materials.   
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However, the lack of production quality-control and speed have been cited as major 
limitations to even more widespread adoption of the technology. 
 
A variety of AM technologies require fast motion of a printhead of some sort using a 
mechanical drive system (e.g., belt drive or screw drive). Such drive systems are found in 
fused deposition modeling (FDM) printers, directed energy deposition (DED) systems, and 
some powder bed fusion (PBF) systems. Running such 3D printers at high speeds often 
leads to excessive vibration which negatively impacts their accuracy and leads to lower 
quality in the final printed part.  
 
To address these issues, we developed FBS, a patented software algorithm that 
compensates for motion-induced vibration, allowing high speed print motion without 
sacrificing accuracy. We have demonstrated a 2x increase in 3D printing speed on a variety 
of industrial and desktop 3D printers, without sacrificing accuracy. These results have been 
independently verified by 3rd party OEMs. Other algorithms on the market that achieve 
vibration compensation do so at the cost of speed or accuracy due to the time delays they 
introduce into the motion. 
 
The limitations on speed and accuracy have prevented the full realization of the potential 
of 3D printing as a production tool. We believe that collaborating and innovating with the 
additive manufacturing community (e.g., individual users, 3D printer original equipment 
manufacturers, and academic researchers) provides the greatest opportunity to address 
the production challenges of the technology. 
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Introducing Ulendo FBS 
 
FBS is patented software for addressing the vibration of 3D printers, machine tools, robots 
and other manufacturing machines. In the context of 3D printing, FBS is integrated into the 
3D printer’s controller. FBS intercepts the stepper motor commands generated by the 
printer’s firmware and modifies them to compensate for vibration.  
 
Vibration compensation methods have been used for decades to increase the productivity 
of motion systems. One of the popular methods is called input shaping which reduces 
vibration but distorts the shape of the printed part and elongates motion time. Consult our 
white paper on input shaping for more information. Unlike input shaping, FBS does not 
extend print time or distort the part’s shape. FBS also stands apart among vibration 
compensation methods for its versatility, as it can be applied to systems with different 
behavior, whereas most other methods only apply to a specific class of motion systems. 
Because of its flexibility, FBS can be applied to various motion systems, including 3D 
printers, by abstracting the system into what we call a calibration map. Although the 
generation of the calibration map requires knowledge in the fields of dynamic systems and 
controls engineering, it only needs to be generated once and can then be scaled to similar 
systems. 
 
To help the interested reader better understand the specifics of FBS, the next sections will 
discuss the method in more detail. 
 
 
How FBS Works 
 
Aside from the controls engineering knowledge, which we will refrain from discussing 

https://www.ulendo.io/fbsvis-white-paper-1
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here, Ulendo achieves optimization using linear algebra concepts. Readers interested in the 
control theory and mathematics behind the algorithm can refer to the journal publication 
of the work.  

 
Figure 1: Simplified schematic of 
how Ulendo uses knowledge of the 
machine's response (top) to modify 
the motion command it sends 
(bottom). 
 
 
 

Figure 1 (top) shows the workflow for printing a part using FBS, which is very similar to the 
workflow of printing with any 3D printer. The printer’s firmware accepts a Gcode file with 
motion instructions for the printer. It uses these instructions to generate low-level 
commands (e.g., stepper motor commands) to ensure that the printer’s motors follow the 
instructions. When FBS is installed in a printer’s firmware, it takes in the motor commands 
generated by the printer’s native firmware, passes it through the printer’s calibration map 
to predict how the printer will vibrate, and then alters the motion commands to minimize 
vibration of the printer, thereby maintaining the quality of the part.  
 
Assume that we want a printer to travel straight (horizontally) but due to vibration its 
motion veers upwards (Figure 1 - top). FBS uses the calibration map to predict this upward 
motion and sends a modified motion command to the printer to veer downwards. 
Executing this modified command, the printer ultimately travels straight, as originally 
intended. Basically, FBS tricks the printer into doing what we want! 
 
Using knowledge of how the machine responds to various types of motion, FBS modifies 
the motion command appropriately to get the best performance from the printer; this also 

https://www.dropbox.com/s/gv85592pgg6drrp/%5BJ22%5D%20-%20A%20Limited-preview%20Filtered%20B-spline%20Approach%20to%20Tracking%20Control%20%E2%80%93%20with%20Application%20to%20Vibration-induced%20Error%20Compensation%20of%20a%203D%20Printer.pdf
https://www.dropbox.com/s/gv85592pgg6drrp/%5BJ22%5D%20-%20A%20Limited-preview%20Filtered%20B-spline%20Approach%20to%20Tracking%20Control%20%E2%80%93%20with%20Application%20to%20Vibration-induced%20Error%20Compensation%20of%20a%203D%20Printer.pdf
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means that we can push the printer to go even faster than would be safe to do without an 
optimized command. The speed benefit that FBS provides scales proportionately with the 
number of layers of the part and how complex it is; the larger and more complex the part, 
the more time you save printing it. In a nutshell, this is how FBS increases the production 
rate and improves the quality of 3D printed parts. 
 
 
A Case Study: Baby Groot in a Benchy 
 
To demonstrate the effectiveness of FBS, we printed an example part of the popular 
comic/movie character “Baby Groot” lodged in a small boat that is typically used as a 
benchmark part for 3D printing and thus has been named “Benchy 2.” In Figure 2, we 
present “Baby Groot in a Benchy” printed using FBS and compare it with the same part 
printed with standard parameters on the Lulzbot Taz 6. Using FBS, we can command an 
acceleration of 10 m/s2 (or 1g) compared to the 0.5 m/s2 (0.05g) acceleration that is the 
default setting for the 3D printer. FBS saves 40% of the total print time compared to the 
standard Baby Groot and has less surface roughness (or ringing), as seen on Baby Groot’s 
face. 

 
Figure 2: Images of “Baby Groot in a 
Benchy” printed with Ulendo at high 
acceleration compared with the 
version printed with the standard 
printer settings. The Ulendo  
part shows higher quality features 
and a 40% decrease in print time. 
 
  

https://www.thingiverse.com/thing:2404447
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For comparison, a print on the Taz 6 using the same parameters as the FBS Baby Groot is 
shown in Figure 3 and we notice a further degradation of the quality of the part. Baby 
Groot now looks as if he’s just been run over by a cartoon car that left a print of the tire 
tread marks on his face. To get a standard print with comparable quality of the FBS Baby 
Groot, Baby Groot must be printed at 0.01g on the printer, as shown in Figure 4. 
 

 
Figure 3: For comparison, here's 
Baby Groot again now printed with 
the same acceleration as the Ulendo 
print. The print time is similar, but 
the quality of the standard print has 
further degraded. 

 
 
 
 
 
 

Figure 4: For similar quality, the 
Ulendo Baby Groot boasts a 63% 
decrease in print time. 
 
 
 
 
 
 
 

The trial and error nature of 3D printing as well as the wide variety of parts that can be 
printed mean that there is no definitive percentage of print time savings that can be 
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guaranteed. In our experience, we have come to expect print times to decrease by about 
50% for complex parts (with lots of short-line segments that require high acceleration). As 
seen from the Baby Groot example, we typically see some increase in print speed of up to 
50%, and sometimes we even exceed it. 
 
 
The Opportunity 
 
As we continue to develop Ulendo FBS, we think it is important to share our vision for the 
future of additive manufacturing and our values on how to achieve it: 
 

• We envision a future where more businesses and individuals will have access to fast 
and high- quality manufacturing of end-use parts at a low cost. 

• We envision a future where artists, designers, architects, and engineers can produce 
prototypes rapidly to shorten the cycle time of product development. 

• We envision a future where the unit economics of custom parts produced with AM 
are superior to those of the same parts produced with traditional manufacturing 
methods. 

• We value innovation and pushing hard against the boundaries of conventional 
paradigms. 

• We value tackling difficult problems through developing a rigorous understanding 
of the pain points, collaborating with people who are most affected by the 
problem, and working towards robust solutions. 

• We’ve seen, firsthand, that the knowledge gained through research can help bring 
about novel solutions to such problems. 

• We believe in the power of software solutions to augment the effort put into 
hardware solutions. 

 



  

© 2022 S2A Technologies LLC dba Ulendo. All Rights Reserved. 
 

  
 

Ulendo continues to innovate in this space. As an example, we are currently working on 
new machine learning algorithms that can leverage accelerometers attached to a 3D 
printer to learn its vibration behavior and update the parameters of Ulendo as the machine 
ages. We are also working on algorithms to automatically detect part failures during 3D 
printing and to compensate for distortion and residual stress in parts made by laser 
powder bed fusion. 
 
We believe that additive manufacturing is the most promising manufacturing technology 
of the 21st century and we are committed to realizing the full extent of that promise. 
 
 
Want to Know More? 
 
Ulendo provides a wide range of solutions that enable OEMs to bring industry leading 
solutions to market. Our suite of software solutions will power the next generation of 
Additive Manufacturing machines. Find out how we can partner with you, by scheduling a 
call with us today.  Interested in improving the speed of your manufacturing machines? 
Contact us and discover how this technology can be added to your machines to enhance 
their speed and accuracy. We offer our software to OEMs based on the revenue of the 
Ulendo-enabled printer model. 
 
Visit our www.ulendo.io or email us at info@ulendo.io. 
           

http://www.ulendo.io/

