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Abstract—The strong demand for automated processes in 
modern manufacturing is driven by the need to replace manual 
and experience-based methods with emerging digital 
technologies to improve efficiency and performance. In 
mechanical engineering design, rapidly prototyped or 3D-
printed parts are typically produced with excess material to 
ensure better print quality, necessitating a deburring step in 
the production process. While traditional deburring can be 
performed manually with tools, automating this process offers 
significant efficiency gains. This paper presents the automation 
of an application-specific deburring process through the 
integration of robotics, 3D-printing, and augmented reality 
systems. The programmed automatic deburring system 
deburred more than 100 3D-printed unmanned aerial vehicle 
parts (drone arms) under various settings to test and validate 
its performance. The results identified the optimal parameters 
as a robot speed of 43 mm/s, a grinder speed of 2,550 RPM, a 
grinder height of 78.5 mm, and a grinding tool diameter of 
7.6 mm. The successful combination of robotics, 3D-printing, 
and augmented reality in this work strongly supports the 
Industry 4.0 paradigm, where industrial processes are 
expected to be more intelligent and collaborative, enhancing 
the interaction between machine tools and operators. 

Keywords—3D-printing, augmented reality, deburring, rapid 
prototyping, robotics, unmanned aerial vehicle 

I.  Introduction 

With the advent of Industry 4.0 (I4.0), many factories 
are becoming smart due to automation, decentralisation, 
digitisation, and intellectualisation of shop floor entities 
(that is, industrial machine tools and equipment) [1]. In this 
way, manufacturing processes and production activities are 
now able to respond promptly and directly to customer 
demands, allowing customisation and customer-centric 
production [1]. This trend has also reduced time-to-market 
(TTM) and increased the production throughput of tailored 
or customer-specific products (CSPs) [2]. Although many 
factors can be attributed to this improved level of efficiency 
in terms of reduced TTMs and increased CSPs, it has been 
mainly driven by emerging and present-day manufacturing 
technologies such as three-dimensional (3D) printing with 
rapid prototyping [3],[4], which is often assisted by vision 
systems such as augmented reality (AR) systems [5]. 

Various types of 3D-printing are purpose-built for rapid 
manufacturing processes, particularly the fabrication or 
prototyping of parts [6]. For example, stereolithography, 
which can be used for rapid prototyping and several other 
applications, and selective laser sintering, which is ideal for 
functional prototyping [6],[7]. Another popular type of 3D-
printing is fused decomposition modelling, which is ideal 
for simple prototyping and proof-of-concept (PoC) 

modelling [6],[7]. Although these various types of 3D-
printing machines offer reliably high degrees of accuracy, 
they are often designed to print excess material according to 
certain thresholds or tolerances [8]. As a result, very often 
3D-printed parts need to be deburred to ensure that they are 
fit for installation and their intended applications. 

Automating deburring via robots is changing and 
improving various sectors of the manufacturing industry as 
reported in [9]. In general, automation orchestrated by 
robots expedites manufacturing processes (including 
deburring), leading to significant changes in the 
manufacturing landscape in recent times. For example, 
according to the Boston Consulting Group, savings of up to 
40% can be achieved by combining advanced robotics with 
other technologies, process improvements, and structural 
layout modifications on conversion costs [10]. In China, 
manufacturing labour costs have also been reduced by 18% 
with the adoption of robots [11]. These advantages derived 
from the adoption of robots to accelerate and automate 
processes in the manufacturing industry have been further 
amplified by the introduction of digital technologies such as 
augmented reality (AR) [5]. When used in conjunction with 
industrial robots, AR is mainly used for the control, design, 
training, and maintenance of robotic systems [12]. For 
example, Boeing used AR in the manufacturing programme 
and concluded that an increase in productivity was achieved 
by 40%, while simultaneously the wiring time was reduced 
by 30% without significant errors [13]. This example and 
several others in the manufacturing industry lend credence 
to the improved efficiency and robustness that the synergy 
of robotic systems and AR technologies can offer [14]. 
More specifically, robotic control combined with AR has 
been shown to improve the efficiency and robustness of 
manufacturing processes [14]. 

As the threshold for accuracy and precision in 
manufacturing processes such as the deburring of 3D-
printed parts (unmanned aerial vehicle (UAV) components 
or parts) increases, and to minimise the overall TTM (e.g., 
to have tailored or customer-specific products), the use of 
robots in combination with AR to automatically and 
efficiently deburr 3D-printed parts becomes the go-to 
alternative. This paper presents the automation of the 
deburring of a 3D-printed UAV part with highly minimal 
human interaction or intervention which is based on the 
collaborative work between Schneider Electric and 
Switzerland Innovation Park to showcase a PoC for I4.0. 
The PoC in this paper demonstrates for the first time the 
conjunctive use of a delta robot and visualisation of 
machine operation data via AR to have an automatic 
deburring system (ADS) for customised, purpose-built 3D-
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printed UAV parts (drone arms). Specifically, the main 
contributions of this paper are summarised as follows: 

• PoC for the convergence of technologies (i.e. 
robotics and AR) to have an I4.0 paradigm, which 
expedites the automation of the deburring of 3D-
printed parts. 

• Experimental validation of an industrial 
communication protocol that improves the stability 
of the connectivity between machine tools and pieces 
of equipment on the shop or manufacturing floor for 
the automation of the deburring of 3D-printed parts. 

• Enhanced visualisation of dynamic data from 
machine tool and equipment operations via AR to 
support robust system operations and pre-emptive 
maintenance tasks. 

The remainder of this research work is organised as 
follows: Section II discusses related works with a focus on 
robotic systems and AR technologies, Section III details the 
programming and implementation of the ADS, and Section 
IV provides further discussion including experimental tests 
and results. Concluding remarks are provided in Section V. 

II.  Related Works 

The history of robotics goes back to the third century 
(250 BC) [15]. However, the principles which constitute the 
basis of practical robots, that is cybernetics, were not 
postulated until the late 1940s [16]. A large variety of robots 
have been designed and developed for various applications. 
Of particular interest is the parallel robot, also called a 
parallel manipulator, which is widely used in manufacturing 
to automate work packages [17]. The delta robot is a type of 
parallel robot; one of its key design characteristics is its 
ability to maintain its orientation when it is operational [17]. 
Various designs of the delta robot with several control 
schemes have been investigated to demonstrate the wide 
range of industrial applications [17]. The iterative matrix 
relations and other scientific and mathematical relations for 
the geometric, kinematic, and dynamic analysis of the delta 
parallel robot are also well-established [18]-[20]. Therefore, 
the delta robot is quite a popular choice for industrial 
process automation such as pick and place operations that 
are required for the automation of deburring [21],[22]. 

Nowadays, it has been demonstrated that it is possible to 
enhance the reliability and robustness of industrial robots 
using emerging and digital technologies such as AR [14]. 
For example, maintenance services are often implemented 
for contemporary industrial robots using AR [23]. AR, as a 
digital technology, is based on the integration (or overlay) 
of virtual 3D objects with their real-world counterparts in 
real-time to derive more insight or perceptual information 
from the objects [14],[23],[24]. Although several real-world 
case studies have demonstrated the feasibility of AR for 
many practical applications (including industrial 
applications) [25]-[27], there seem to be very limited studies 
focusing on the deburring of 3D-printed parts through the 
conjunctive use of delta robots and AR technologies. This 
could be because there are still some challenges in the 
design, development, and commercialisation of industry-
standard hybridised robotic and AR applications [28]-[31]. 
Some of these challenges include (but are not limited) to 
flexibility and optimum exploration of augmented space, 
and feature selection and classification for object 
recognition and identification [26],[28]-[30]. To overcome 
some of these challenges, genetic programming is often 
employed to evolve the behaviour of robots to make them 

more robust to varying control paradigms and fit for 
purpose in industrial applications [32]. 

In this work, genetic programming is employed for the 
ease of integration of a delta robot and AR for industrial 
applications, allowing the exploration of the flexibility of 
the delta robot for optimal pick-and-place operations to 
make a unique case for the automatic deburring of a 3D-
printed parts. To the best knowledge of the authors, this 
specific case of conjunctive operation of a delta robot and  
AR for the automatic deburring of 3D-printed UAV parts is 
reported for the first time in this work. 

III. System Overview and System Setup  

A. System Overview 

Table 1 shows that the main components for the 
implementation of the ADS are the deburring chamber 
featuring the deburring machine and the pick-and-place 
operations of a delta robot, a programmable logic controller 
(PLC) for controlling the delta robot, an AR platform, and 
data communication between these components. Additional 
details (including features or functions, dimension, and 
quantification) of these components are provided in Table I. 
For the ADS, the specific robotic system employed is the 
Schneider Electric Delta Robot (Lexium P0) mainly due to 
its fast-paced pick-and-place operations, extremely wide 
field reach, high level of precision and lightweight [33]. 
However, it should be noted that Yamaha SCARA Robot 
(YK600XGL) [34], and Fanuc articulated robot (CR4ia) 
[35], can also be used for the same purposes. 

The AR platform used for ADS comprises tag 
recognition and superimposed AR implemented using 
Schneider Electrics “EcoStruxure Augmented Operator 
Advisor” mainly due to its ease of programming and added 
features [36]. An alternative platform that may perform 
similar functions with fewer features is the “Vuforia 
Augmented Reality SDK” [37]. The PLC selected for ADS 
is Schneider Electric LMC106 [38], which offers the largest 

Component Feature/Function 
Dimension/ 

Quantification 

Deburring  
Chamber 

Deburring of small and large 
parts (i.e. drone arms). 

Loading and unloading  
of parts (i.e. drone arms). 

Houses the robot  
(i.e. the delta robot) 

1000 mm × 1000 mm × 
100 mm 

Programmable 
Logic Controller 
(PLC) 

Controls the deburring  
machine and the delta robot. 

High reliability. 

Provides data for AR  
platform. 

Downtime of less than 
1% per year. 

AR Platform Tool for maintenance. 

Projects data on  
the deburring machine  
in real-time. 

Works with different 
handheld devices. 

Lag less than 30 s. 

Supports multiple  
operating systems. 

Communication Transports data across  
the deburring machine. 

Provides process data  
to the AR platform. 

Secures data transmission. 

Username and pass-
word protected. 

Table I. Overview of the ADS Showing  
the Components and Their Functions. 



random access memory (RAM), the fastest cycle time and a 
framework that is relatively self-explaining and well 
documented compared to alternatives such as Siemens D435 
SIPLUS [39] and ABB MicroFlex e190 [409]. Additionally, 
the Schneider Electric LMC106 supports a very wide range 
of required communication protocols that can adequately 
support an extension of the operations of the ADS. 

Some of the machine-to-machine (m2m) communication 
options available for deployment on the ADS include 
message queueing telemetry transport (MQTT) and OPC 
foundation unified architecture (OPC UA). OPC UA was 
adopted for the ADS due to its excellent security without 
compromising on the data volume, communication speed 
and overall reliability. It should be noted that the AR feature 
of the ADS requires a large data volume, as all process 

variables have to be updated simultaneously and as fast as 
possible, creating a massive data block to be sent at once. 
OPC UA communications can efficiently handle such 
volumes of data [41]. 

B. System Setup 

By splitting the ADS into individual subsystems, 
namely, the deburring chamber (housing the parallel delta 
robot), the AR platform, the PLC and communication (see 
Table I), the solution-finding process has been split up into 
the same categories to aid decision-making. As all 
subsystems are evaluated individually, the complete ADS 
will consist of the combined evaluated subsystems that are 
best suited to the deburring task. This resulting overall 
system setup is shown in Fig. 1. It should be emphasised 
that the ADS requires a robot with at least four axes and a 
multi-axis logic controller. So, the task of picking, 
deburring and placing the UAV parts (i.e., drone arms) is 
assigned to the parallel delta robot via a vacuum gripper, a 
fixed rotary grinder, and a pneumatic delivery system. The 
Schneider Electric LMC106 previously described controls 
the robotic system, communicating over OPC UA. The AR 
platform (EcoStruxure Augmented Operator Advisor, 
described earlier) is then configured to provide maintenance 
and oversight tasks for the ADS by implementing an AR-
based tag identification and recognition system using a 
human-machine interface (HMI). The overall pseudocode 
for the essential operations  of the ADS is listed in Table II. 

IV. Results and Discussion  

A. Automatic Deburring 

To determine the optimal parameters of the ADS (see 
Table II), more than 100 deburring cycles were conducted, 
each with different individual settings. After each cycle, the 
3D-printed part (that is, the drone arm) was inspected and 
one parameter was adjusted at a time. This systematic 
approach resulted in a favourable combination of robot 
speed and grinder velocity. The five most effective 
parameters are listed in Table III. The results of the 
deburring were individually compared to the control—a 
drone arm that had not been deburred—and previously 
deburred drone arms to assess the impact of parameter 
changes on the quality of the deburred part. The set of 
metrics that provided the best deburring results are reported 
in Table III in decreasing order of optimality, indicating that 
the parameters in the combination reported as in set (1) 
produced the best overall results. 

Upon close inspection of the deburred part from set (1), 
shown in Fig. 2, it was observed that the burr was cut off at 
approximately a 45° angle. However, the cut surface 
appeared uneven due to vibration in the gripper, which 
could not be eliminated by adjusting the parameters alone. 
Consequently, it is necessary to implement mechanical 
modifications and upgrades to the gripper to reduce 

Fig. 1. The setup of the ADS on the shop floor. 

Set 
Speed of  

the Robot 
Speed of  

the Grinder 
Height of  

the Grinder 
Diameter of the 
Grinding Tool 

(1) 43 mm/s 2,550 RPM 78.5 mm 7.6 mm 

(2) 45 mm/s 2,700 RPM 78.5 mm 8.0 mm 

(3) 50 mm/s 2,800 RPM 79.0 mm 7.8 mm 

(4) 66 mm/s 3,000 RPM 79.0 mm 7.6 mm 

(5) 100 mm/s 3,000 RPM 79.0 mm 7.6 mm 

Table III. Optimum Parametric Values for the ADS:  
Set 1 (Most Optimal) to Set 5 (Least Optimal). 

Table II. Pseudocode for the Essential Operations of the ADS. 

####################### 
While System is Ready Do 
####################### 

If  
Big Arm Ready to Pick = True Then 
Move in Front of Big Arm Pick Position 
Move over Pick Position And Parse the Big Arm Gcode 
Turn on Vacuum And Pick the UAV Part 
Move in Front of the pick position  
Move over grinder  
Retract the loading cylinder 

Else If  
Small Arm ready to Pick = True Then  
Move in Front of Small Arm Pick Position 
Move over Pick Position And Parse the Small Arm Gcode  
Turn on Vacuum And Pick the UAV Part 
Move in Front of the Pick Position  
Move over Grinder And Retract the Loading Cylinder  

End If 
####################### 

Start Grinder #After Partt has Successfully been picked  
Run Parsed Gcode 
Advance unloading cylinder 
If  

Small Arm Dcburred = True Then  
Move Over Small Arm Place Position 
Place UAV Part on Small Arm Place Position  

Else If  
Big Arm Deburred = True Then 
Move Over Big Arm Place position  
Place UAV Part on Big Arm Place Position 

End If 
####################### 
Move To Wait Position  
End While 
####################### 



vibration and thus enhance the overall quality of the 
deburred part. 

B. AR Application or Platform  

As the AR application is intended for maintenance and 
oversight purposes, the visualised data have been 
determined to focus on machine safety and process 
variables. To ensure that the AR application is as user-
friendly as possible, AR tags are displayed in the HMI using 
the Node-Red dashboard [30], and a dropdown menu, as 
shown in Fig. 3. Since AR variables are processed through 
Node-Red, it is logical to display these same variables on 
the HMI within the Node-Red dashboard. The pool of 
available variables is defined by the machine’s components, 
as only the data provided by these components can be 
obtained. However, process information variables can be 
calculated during operations. The variables relevant to 
oversight and maintenance tasks are divided into two 
categories: hardware information and process information. 

Hardware information includes temperature, energy 
consumption, and operating hours of the delta drives and 
grinder. Additionally, the DC bus voltage and the supply 
voltage of the mains power supply are visualised. The 
process information includes the number of parts that had 
been deburred in the past 24 hours, the time taken to deburr 
the last part, the current state of the program, the general 
state of the machine and the state of the vacuum. Therefore, 
with the AR, program failures could be identified and 
advanced process oversight was also ensured. Moreover, 
with the AR platform, the debugging of the state of the 
robot through a display of its state machine’s status was also 
made possible. As shown in Fig. 3, the AR application 
projects an image of the internal workings of the machine 
onto the housing. Depending on the AR-tag, relevant 
information is displayed at points of interest. When the 
cursor in the centre of the screen moves over these points of 
interest, the information is revealed, as shown in Fig. 3. 

V. Conclusion 

This study focuses on the investigation, design, and 
development of an automatic deburring system (ADS) that 
leverages the synergy of robotics, 3D-printing, and 
augmented reality (AR) technologies. The integration of 
these technologies to realise the ADS exemplifies an 
Industry 4.0 paradigm. Specifically, the ADS employs a 
Delta robot to pick, deburr, and place 3D-printed parts (in 
this case, drone arms) using a vacuum gripper. Additionally, 
the ADS includes a fixed rotary grinder and a pneumatic 
delivery system to support these operations. The ADS 
specifications are as follows: a Schneider Electric LMC 106 
for control, OPC UA for communication, and Schneider 
Electric’s Ecostruxe AR System, which uses AR tags to 
facilitate maintenance and oversight tasks. The ADS was 
tested by deburring more than 100 3D-printed mechanical 

parts (drone arms) with various settings. Thorough 
evaluations determined that the optimal parameters for the 
ADS are a robot speed of 43 mm/s, a grinder speed of 
2,550 RPM, a grinder height of 78.5 mm, and a grinding 
tool diameter of 7.6 mm. 

Acknowledgement 

The authors would like to thank Schneider Electric 
(Schweiz) AG and Switzerland Innovation Park for 
supporting the work carried out in this paper. 

References 

[1] R. S. Peres, X. Jia, J. Lee, K. Sun, A. W. Colombo, and J. Barata, 
“Industrial Artificial Intelligence in Industry 4.0 - Systematic review, 
challenges and outlook,” IEEE Access, vol. 8, pp. 220121-220139, 
Dec. 2020, doi: 10.1109/ACCESS.2020.3042874 

[2] Y. Wang, H.-S. Ma, J.-H. Yang, and K.-S. Wang, “Industry 4.0: A 
way from mass customization to mass personalization production,” 
Advances in Manufacturing, vol. 5, pp. 311-320, Nov. 2017, doi: 
10.1007/s40436-017-0204-7  

[3] F. Almada-Lobo, “The Industry 4.0 revolution and the future of 
Manufacturing Execution Systems (MES),” Journal of Innovation 
Management, vol.3, no. 4, pp. 16-21, Jan. 2016, doi: 10.24840/2183-
0606_003.004_0003  

[4] Q. Li, I. Kucukkoc, and D. Z. Zhang, “Production planning in 
additive manufacturing and 3D printing,” Computers & Operations 
Research, vol. 83, pp. 157-172, Jul. 2017, doi: 10.1016/
j.cor.2017.01.013 

[5] S. Mihai et al., “Digital twins: A survey on enabling technologies, 
challenges, trends and future prospects,” IEEE Communications 
Surveys & Tutorials, vol. 24, no. 4, pp. 2255-2291, Sep. 2022, doi: 
10.1109/COMST.2022.3208773 

[6] A. Kotharis, “What are the different types of 3D printing?” 
futurelearn.com. Accessed: May 30, 2024. [Online]. Available: 
https://www.futurelearn.com/info/courses/getting-started-with-digital-
manufacturing/0/steps/184102 

[7] Formlabs, “What is 3D printing?” Accessed: May 30, 2024. [Online]. 
Available: https://formlabs.com/uk/3d-printers 

[8] G. Keane, A. Healy, and D. Devine, “Post-processing methods for 3D 
printed biopolymers,” in Additive Manufacturing of Biopolymers: 
Handbook of Materials, Techniques, and Applications, M. 
Mehrpouya and H. Vahabi, Eds. Amsterdam, The Netherlands: 
Elsevier, 2023, pp. 229-264, doi: 10.1016/B978-0-323-95151-
7.00006-5 

[9] R. Szewczyk, C. Zielinski, and M. Kaliczynska, Eds., Automation 
2017: Innovations in Automation, Robotics and Measurement 
Techniques (vol. 550). Cham, Switzerland: Springer, 2023. 

[10] D. Küpper et al., “Advanced robotics in the factory of the future,” 
2019. Accessed: June 14, 2024. [Online]. Available: https://
www.bcg.com/publications/2019/advanced-robotics-factory-future 

Fig. 3. AR application. 

Fig. 2. The most optimal deburred part. 



[11] B. Eker and A. Eker, “The impact of the use of industrial robots on 
efficency increase,” in Proc. 3rd Int. Conf. on Quality of Life, 
Kopaonik, Serbia, 28-30 Nov. 2018, pp. 13-22. 

[12] J. Jetter, J. Eimecke, and A. Rese, “Augmented reality tools for 
industrial applications: What are potential key performance indicators 
and who benefits?,” Computers in Human Behavior, vol. 87, pp. 18-
33, Oct. 2018, doi: 10.1016/j.chb.2018.04.054 

[13] Connected Technology Solutions, “Boeing tests augmented reality in 
the factory.” Accessed: May 30, 2024. [Online]. Available: https://
connectedtechnologysolutions.co.uk/boeing-tests-augmented-reality-
in-the-factory 

[14] Z. Makhataeva and H. A. Varol, “Augmented reality for robotics: A 
review,” Robotics, vol. 9, no. 2, Art no. 21, Feb. 2020, doi: 10.3390/
robotics9020021 

[15] A. Currie, “The history of robotics.” Accessed: May 30, 2024. 
[Online]. Available: https://web.archive.org/web/20060718024255/
http://www.faculty.ucr.edu/~currie/roboadam.htm 

[16] N. Wiener, Cybernetics or Control and Communication in the Animal 
and the Machine. Cambridge, MA: MIT Press, 1948.  

[17] L. Rey and R. Clavel, “The delta parallel robot,” in Parallel 
Kinematic Machines: Theoretical Aspects and Industrial 
Requirements, C. R. Boer, L. Molinari-Tosatti, and K. S. Smith, Eds. 
London: Springer, 1999, pp. 401-417, doi: 10.1007/978-1-4471-0885-
6_29 

[18] Y.-L. Kuo, “Mathematical modeling and analysis of the Delta robot 
with flexible links,” Computers & Mathematics with Applications, 
vol. 71, no. 10, pp. 1973-1989, May 2016, doi; 10.1016/
j.camwa.2016.03.018 

[19] L-W Tsai, Robot Analysis: The Mechanics of Serial and Parallel 
Manipulators. Hoboken, NJ: Wiley, 1999. 

[20] S. Staicu and D. C. Carp-Ciocardia, “Dynamic analysis of Clavel’s 
Delta parallel robot,” in Proc. IEEE Int. Conf. on Robotics and 
Automation, Taipei, Taiwan, 14-19 Sep. 2003 , vol.3, pp. 4116-4121, 
doi: 10.1109/ROBOT.2003.1242230  

[21] T. Huang, Z. Li, M. Li, D. G. Chetwynd, and C. M. Gosselin, 
“Conceptual design and dimensional synthesis of a novel 2-DOF 
translational parallel robot for pick-and-place operations,” Journal of 
Mechanical Design, vol. 126, no. 3, pp. 449-455, Oct. 2004. doi: 
10.1115/1.1711822 

[22] C. Guangfeng, Z. Linlin, H. Qingqing, L. Lei, and S. Jiawen, 
“Trajectory planning of delta robot for fixed point pick and 
placement,” in Proc. 4th Int. Symp. on Information Science and 
Engineering, Shanghai, China, 14-16 Dec. 2012, pp. 236-239, doi: 
10.1109/ISISE.2012.59 

[23] D. Mourtzis, V. Zogopoulos, and E. Vlachou, “Augmented reality 
application to support remote maintenance as a service in the robotics 
industry,” Procedia CIRP, vol. 63, pp. 46-51, 2017, doi: 10.1016/
j.procir.2017.03.154 

[24] R. T. Azuma, “A survey of augmented reality,” Presence: 
Teleoperators & Virtual Environments, vol. 6, no. 4, pp. 355-385, 
Aug. 1997, doi: 10.1162/pres.1997.6.4.355  

[25] T. Ohshima, K. Satoh, H. Yamamoto, and H. Tamura, “AR2Hockey: 
A case study of collaborative augmented reality,” in Proc. IEEE  
Virtual Reality Annual International Symp., Atlanta, GA, 14-18 Mar. 
1998, pp. 268-275, doi: 10.1109/VRAIS.1998.658505 

[26] N. Navab, “Industrial augmented reality (IAR): Challenges in design 
and commercialization of killer apps,” in Proc. 2nd IEEE/ACM Int. 
Symp. on Mixed and Augmented Reality, Tokyo, Japan, 10 Oct. 2003, 
pp. 2-6, doi: 10.1109/ISMAR.2003.1240682 

[27] V. Paelke, “Augmented reality in the smart factory: Supporting 
workers in an industry 4.0. environment,” in Proc. IEEE Emerging 
Technology and Factory Automation (ETFA), Barcelona, Spain, 16-
19 Sep. 2014, pp. 1-4, doi: 10.1109/ETFA.2014.7005252 

[28] F. Leutert, C. Herrmann, and K. Schilling, “A spatial augmented 
reality system for intuitive display of robotic data,” in Proc. 8th ACM/
IEEE Int. Conf. on Human-Robot Interaction (HRI), Tokyo, Japan, 3-
6 Mar. 2013, pp. 179-180, doi: 10.1109/HRI.2013.6483560 

[29] J. Lambrecht and J. Krüger, “Spatial programming for industrial 
robots: Efficient, effective and user-optimised through natural 
communication and augmented reality,” Advanced Materials 
Research, vol. 1018, pp. 39-46, Sep. 2014, doi: 10.4028/
www.scientific.net/AMR.1018.39 

[30] T. Engelke, J. Keil, P. Rojtberg, F. Wientapper, M. Schmitt, and U. 
Bockholt, “Content first: A concept for industrial augmented reality 
maintenance applications using mobile devices,” in Proc. 6th ACM 
Multimedia Systems Conference, Portland, OR, 18-20 Mar. 2015, pp. 
105-111, doi: 10.1145/2713168.2713169 

[31] L. Qian, A. Deguet, and P. Kazanzides, “ARssist: Augmented reality 
on a head-mounted display for the first assistant in robotic surgery,” 
Healthcare Technology Letters, vol. 5, no. 5, pp. 194-200, Sep. 2018, 
doi; 10.1049/htl.2018.5065 

[32] J. Reuter, C. Steup, and S. Mostaghim, “Genetic programming-based 
inverse kinematics for robotic manipulators,” in Proc. European 
Conf. on Genetic Programming (EuroGP 2022), Madrid, Spain, 20-
22 Apr. 2022, pp. 130-145, doi: 10.1007/978-3-031-02056-8_9 

[33] Schneider Electric, “Delta 3 robot, P0, 3-5 axis, 10 kg permissible 
load, 0-400 mm working envelop.” Accessed: June 12, 2024. 
[Online]. Available: https://www.se.com/uk/en/product/
VRKP0S0FNC00000/delta-3-robot-p0-35-axis-10-kg-permissible-
load-0400-mm-working-envelop 

[34] Yamaha Motor Co. Ltd, “YK600XGL.” Accessed: June 12, 2024. 
[Online]. Available: https://global.yamaha-motor.com/business/robot/
lineup/ykxg/middle/pdf/index/YK600XGL_E_0707.pdf 

[35] FANUC, “CR-4iA.” Accessed: June 12, 2024. [Online]. Available: 
https://www.fanuc.eu/il/en/robots/robot-filter-page/collaborative-
robots/collaborative-cr4ia 

[36] Schneider Electric, “EcoStruxure augmented operator advisor.” 
Accessed: June 12, 2024. [Online]. Available: https://www.se.com/
uk/en/product-range/64507-ecostruxure-augmented-operator-advisor/
#documents 

[37] PTC, “Vuforia Engine 10.22.” Accessed: June 12, 2024. [Online]. 
Available: https://developer.vuforia.com/downloads/sdk 

[38] Schneider Electric, “Motion controller LMC106 6 axis – Acc kit – 
Basic.” Accessed: June 12, 2024. [Online]. Available: https://
www.se.com/us/en/product/LMC106CAA10000/motion-controller-
lmc106-6-axis-acc-kit-basic 

[39] Siemens AG, “SIPLUS extreme – Sales release for SIPLUS D455-2 
DP/PN and D435-2 DP/PN BasedOn SIMOTION D4x5-2.” 
Accessed: June 12, 2024. [Online]. Available: https://
support.industry.siemens.com/cs/document/109480699/siplus-
extreme-%E2%80%93-sales-release-for-siplus-d455-2-dp-pn-and-
d435-2-dp-pn-basedon-simotion-d4x5-2?dti=0&lc=en-TW 

[40] ABB, “MicroFlex e190 servo drives.” Accessed: June 12, 2024. 
[Online]. Available: https://new.abb.com/drives/low-voltage-ac/servo
-products/microflex-e190 

[41] OPC Foundation, “Unified architecture.” Accessed June 12, 2024. 
[Online]. Available: https://opcfoundation.org/about/opc-
technologies/opc-ua 

 


	Conference Paper cover sheet
	2024328852

