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ABSTRACT

To offer the possibility to achieve the teleoperation of electric overhead travelling (EOT)
crane by human operators and avoid in-site hazardous operations, this study presen-
ted a technical prototype of tele-operated overhead handling (TOH) crane system using
a three-axial robot. To evaluate the usability of the proposed TOH crane system, this
study aimed to investigate the satisfaction of human operators during teleoperation.
Specifically, we surveyed the subjective feedback of a novice group including 21 Uni-
versity participants and an expert group including 11 professional EOT crane operators
regarding the teleoperation system. The subjective feedback was collected through a
designed 7-point Likert questionnaire comprised of 11 standard questions. A typical
side-to-side handling task condition was tested. The feedback of the novices in each
dimension was compared with the experts. The feedback of the experts was used to
evaluate the reproducibility of the prototype. The results showed that although most
of the novices and experts (over 80%) agreed that the prototype TOH crane system
was simple to learn and operate, the positioning assistance displaying critical infor-
mation on the visual display interface (VDI) such as the relative location of items in
relation to the loading area and the alignment, was crucial for the novices’ teleopera-
tions. 91% of the experts gave positive feedback on the reproducibility of the technical
prototype. The results of prototyping demonstrated the system features and explored
possibilities before the in-site constructions. The results of the investigation of ope-
rators’ subjective feedback provided suggestions for developing the features of TOH
cranes in the future.
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INTRODUCTION

The use of teleoperation regarding mechanical aids has been frequently
developed in recent decades to reduce the hazardous operation of human
operators in hostile environments such as factory or the construction field
(Alonso et al. 2008; Tiwari et al. 2013; Kim et al. 2009; Kim et al. 2009;
Hanna et al. 2013; Hannu et al. 2012; and Karvonen et al. 2014). The manu-
ally operated electric overhead traveling (EOT) cranes are widely applied
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for objects handling in heavy engineering, which translates in-site human
commands into three-axial crane movements through a limited distance on
the shopfloor (Sen et al. 2000; Lee 1998). Although mechanical improve-
ments such as body and hoist stabilization (Chen et al. 2007; Masoud 2009;
Ju et al. 2006) has been frequently made, the safety issue of human operators
resulted from mid-air operations still exists. Previous studies rarely discussed
the teleoperation specified with EOT cranes. Therefore, the development of
technical prototype system associates with a tele-operated overhead hand-
ling (TOH) crane used to evaluate the usability and feasibility before in-site
construction, has become the motivation of this study.

In related works of teleoperations, the prototype has been commonly
developed in demonstrating the system features and explore possibilities
before employing with the part’s complete development, and gaining essen-
tial insights into the desires of human operators in natural Human-machine
interaction. (Chi et al. 2001; Chi et al. 2014) used a rapid prototype to eva-
luate and compare the effect of interfaces on task performances regarding
industrial applications. A 6 DoF KUKA robotic arm was used to simulate
a tower crane’s mechanism. Four installed IP cameras sensed environment
information were equipped, providing human operators with multiple angles
of view related to in-site operations. (Mower et al. 2019) applied a 7DoF
KUKA LWR, dedicating to properly simulate the tele-operated constrained
tasks. The tasks were extracted to a series of multi-directional tasks assigned
with human operators. Notably, the purposes of mentioned studies were to
enable human operators quite from dangerous laboring environments to a
main control room.

To optimize general experiences in operating, the concept of Human-
centered Design has been declared in previous studies (Scheneider et al. 1980,
Kling 1977). On the one hand, overall HFE (Human factors & Ergonomics)
concern can quantitatively verify how the workloads, performance, and other
human-related issues are affected (Chen et al. 2007; Murphy et al. 2004;
Voshell et al. 2005). For example, (Doisy et al. 2017) identified the effects of
control interfaces for cameras and motions of a robot on human operators
in a tele-operated maze travelling task. On the other hand, flexible, labor-
saving, and light weighted investigation approaches for gaining feedback
from users were widely used at the stage of usability test, in previous studies.
(Chi et al. 2012) surveyed the subjective feedback of participants comprised
novices and experts to a teleoperation system of the tower crane through a
standard 7-point Likert questionnaire (Chi et al., 2012). To that regard, the
design of a Human-centered system should consider not only the demands
from the professions, but also the needs of the beginners. Moreover, impro-
vements of satisfaction regarding the usability of the teleoperation system has
been addressed in many previous studies (Son et al. 2013; Sano et al. 2001;
Penizzotoo et al. 2015).

Compared to previous research, this study tended to introduce a techni-
cal prototype of TOH crane system by modifying a three-axial robot named
MK3S+ (Prusa research. access: 2021, Amza et al. 2017). Additionally,
this study aimed at investigating and comparing the subjective feedback
and satisfactions of participants regarding the usability of the prototype
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system. Following that, we conducted the experiments with a 21-participant
novice group and a 11-participant expert group. A simulated iron blocks’
handling task was remotely operated by each participant with a typical side-
to-side layout. After the tasks, the subjective feedback and satisfaction to
the prototype system, were collected through a standard 11-question Likert
questionnaire proposed by (Chi et al. 2012).

DEVELOPMENT OF PROTOTYPE SYSTEM

Each EOT crane has three main controls: longitudinal traveling (LT) of the
crane itself; cross-traveling (CT) of the trolly; hoisting control (HC) of the
spreader (Sen and Das. 2000; Lee 1998). A trolly-mounted electromagnet
spreader (ES) is frequently used to attract ferromagnetic materials such as
iron. Because of the safety protocol in factories, it was difficult to manually
operate a real crane for experiment-use. To that regard, we found that a
three-axial robot named MK3S+ (Prusa research. access: 2021) has a similar
mechanism to the EOT crane. The X, Y, and Z axial movements of MK3S+
can be accordingly translated into the CT, LT, and HC control of the EOT
crane. The open-source and structurally editable features ofMK3S+ has been
suggested by a previous study, which were appropriately customized in a
Bio-printer accomplishing precise fabrications (Bessler et al. 2019).

A mechanical modification was made into MK3S+. A 1W 10N 12V cup-
like electromagnet spreader (ES),8= 12 mm, was connected to the modified
extruder (trolly). Four views streamed through four mounted mini-sized IP
cameras, which were employed for environmental sensing: general informa-
tion including the equipment, shopfloor, and objects was provided by global
view; a conventional observing position from the EOT crane was provided by
cabin view; general coordinating information at the top was provided by the
bird view; detailed coordination between objects and the shopfloor was pro-
vided by the top view synchronized with the movement of trolly. Four views
are shown in Figure 1. The prototype system was driven by a programmed
micro controller board named Raspberry Pi 4B. A designed controller sof-
tware was pre-installed on a PC, enabling operators remotely interact with
the equipment through the interface menu in a teleoperation room (TR). The
iconic control menu including movements control, ES control, two levels of
speed control, was located next to the four views. Contents displayed on a
monitor was compared to the visual display interface (VDI), displaying envi-
ronment information and control information. The spatial parameters were
sensed from the actual lifting and handling filed (LHF) by an original Super-
PINDA sensor. A typical side-to-side handling trial was simulated by a coated
build plate (shopfloor). In that case, five iron blocks were handled from fixed
positions to a loading area on the other side by operators. Dimensions were
scaled accordingly.

METHODS

A novice group including 21 University students (MAge = 24.3 ± 2.7
years old) participated in the experiment. The expert group including



Development of Teleoperation System for Overhead Handling Cranes 251

Figure 1: Lifting and handling field (LHF).

11 professional EOT crane operators (MAge = 39.5 ± 4.5 years old) com-
pared the subjective feedback and satisfaction to the system with novices. In
addition, the reproducibility of the prototype system was evaluated by the
feedback from the experts.

Participants remotely operated the handling tasks in a separated TR. The
distance between the TR and LHF was 15m. The LHF was in a standard lab
environment. The experiment was performed in a LAN environment with the
peak download speed of 432.47 Mbps, while the peak network latency was
3 milliseconds, where unsynchronized movements could be barely sensed. As
for the handling task, Participants were required to remotely handle all five
iron blocks to the loading area.

The subjective feedback and satisfaction to the prototype system were col-
lected the from participants by using a 7-point Likert questionnaire after
the task. There are 11 standard questions in the questionnaire, which were
employed by the previous study (Chi et al. 2012):

Q1: Overall, I am satisfied with how easy and simple is it to use this system.
Q2: I can effectively complete tasks using this system.
Q3: I feel comfortable with using this system.
Q4: It was easy to learn and to use this system.
Q5: The system provides simple and straight forward information for me

to load objects accurately.
Q6: The system gives enough accurate position cue on VDI which clearly

helps me to make adjustment.
Q7: Information that I need is easy to find.
Q8: Information on Visual display interface (VDI) is easy to comprehend.
Q9: All functions that I expect to gain are integrated in this system.

Q10: Overall, I am satisfied with using this system.
Q11: Generally, I think this system is reproducible to the reality.
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Figure 2: (a) Visual display interface (VDI).

Satisfactionwas defined byQ10. FromQ1 toQ10were used for evaluating
the usability of the prototype system from both novices and experts, while
Q11 was specified for the participants from the expert group, which were
used for identifying whether the prototype system was reproducible to the
real situation in the field. The last question was specified for the participants
from the expert group, which were used for identifying whether the prototype
system was reproducible to the real situation in the field.

RESULTS

Figure 2 shows the results of subjective feedback survey regarding the pro-
totype system, in percentage. Feedback above “neither agree nor degree”was
defined as positive, while the others below “neither agree nor degree” was
negative.

As for the novice group, most of negative feedback was given in Q6: “The
system gives enough accurate positioning cue which clearly helps me to make
adjustment”and Q9: “All functions that I expect to gain are integrated in this
system”. The participants from the novice group gave 50% negative feed-
back and 17% positive feedback in having enough positioning cue from the
visual display interface (VDI), 23% of them were dis-satisfied with the mis-
sing functions such as visual assistance that could aid them to ad-just the
attracting and releasing process accurately. Contrarily, as for the participants
from the expert group, they gave over a half positive feedback on each scale
of questions. Compared with the novices, 81% positive feedback and 1%
negative feedback were given by the participants from the expert group in
Q6, while 82 % of them thought all expected functions were integrated with
the prototype TOH crane system, in Q9. Generally, over 80% of the parti-
cipants from the novice group and the ex-pert group were satisfied with the
prototype TOH crane system. Specifically, over 80% of the participants were
agreed with how-easy-to-learn-and-use the prototype system was as well.
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Figure 3: The results of subjective feedback survey regarding the prototype system, in
percentage.

Moreover, in terms of the extended Q11 for the experts: “Overall, I think
this system is reproducible to the reality”, 91% of the experts thought the
prototype system was reproducible enough to the real situation in the field.

A regression analysis was conducted with the novices to deduce the
importance of answered questions (subjective feedback) for the general sati-
sfactions. Questions were applied as predictor of satisfaction. As for the
novice group, Q1 (p = .535), Q2 (p = .311), Q3 (p = .682), Q4 (p = .398),
Q5 (p = .919), Q6 (p = .194), Q7 (p = .470), Q8 (p = .088) were found
no significance. Q9: “All functions that I expect to gain are integrated in this
system” (p < .0001) was found be statistically significant, and its coefficient
was β = .751, respectively.

DISCUSSION & CONCLUSION

Figure 3 shows the comparison of subjective feedback and satisfaction to the
prototype TOH crane system between questions, in percentage. As for the
experts, they gave more than 80% positive feedback in each question. Spe-
cifically, the experts gave less than 10% negative feedback in lack of visual
positioning cue on visual display interface (VDI) due to their over five-years
experiences. However, the novices were dissatisfied with the missing features
of positioning assistance on VDI, because they were strongly discomforted
with locating the position of the crane through limited angles of view. Com-
pared with the experts, the novices had little to no experience in finding
references in the environment. To solve this issue, critical information from
the environment must be recognized, such as the relative location of items
in relation to the loading area and the alignment of the ES with the objects.
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In order to assist those operators who were lack of operation experiences,
there are two potential techniques could be applied. First, displaying such
critically informative VDI by using augmented path plan similar to the fea-
ture proposed by (Chi et al. 2012), which might enable operators focus on
the key control of operations instead of being distracted by the real time posi-
tions between the objects and construction field such as alignment. Second,
because of the visual limitations during cranes’ teleoperations addressed by
(Abdullah and Handroos. 2017), the improvements on available visual infor-
mation provided by previous studies (Jouppi 2002) might assist to the human
perception (Burke et al. 2004; Turro et al. 2001).

Based on importance of Q9: “All functions that I expect to gain are inte-
grated in this system” suggested by the results of regression analysis, to build
a novice friendly TOH crane system, the integration of expected functions
has to be prioritized, otherwise the satisfaction of the beginners significantly
affected in teleoperation. To that regard, although the consideration towards
technical feasibility in real situation, engineers and researchers are suppo-
sed to identify and cluster the required functions and features from novice
operators.

Due to the lack of operation experiences, half of the novices encountered
positioning and locating issues through limited angles of view in teleopera-
tion. In that case, the critical information indicating the relative coordination
between objects and the environment on the VDI, providing visually availa-
ble telepresence has become necessary. This study explored the possibilities to
build a reproducible prototype TOH crane system before in-site constructi-
ons. To construct a novice-friendly TOH crane system in the future, this study
provided suggestions to optimize the level of integration regarding system
features and improve the visual accessibility of interface menus on the VDI.
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