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Abstract. The inferior corking performance observed in bottled drinks from breweries is
attributed to poor precision. To address this issue, an enhanced precision control system for an
electro-pneumatic actuator-based bottle capper is introduced, utilizing model predictive
control and intelligent agent technologies. This involves characterizing the electro-pneumatic
actuator system, developing a conventional model for the robotic bottle capper, and designing
a rule base to improve precision in the capping mechanism, thereby boosting production
capacity per unit time. To achieve this, Al is trained to design a rule-based model ensuring
optimal efficacy of the capping mechanism, thus enhancing the brewery industry's production
capacity and revenue generation. A SIMULINK model is developed to demonstrate the
improved precision control of the electro-pneumatic actuator robotic bottle capper using
model predictive control and intelligent agent. Results show a significant increase in corking
precision from 94.4% with conventional methods to 99.9% when intelligent agents are
incorporated into the system. This translates to a 5.5% improvement in corking precision, with
production capacity increasing from 27,000 crates using conventional methods to 28,570 with
model predictive control. Moreover, with the integration of intelligence, the production
capacity further rises to 342,500 bottles.

Keywords: Improving, Electro Pneumatic, Actuator, Bottle Capper, Intelligent Agent.

1. Introduction

Packaging of brewery bottled beverages, especially beer drinks are typically
associated with the act of drawing the product mixture from the mixed solution
container, filling it into the bottles by an automated filling control system or machine).
These bottled drinks are then been capped, labeled and packed into crates or cartons
ready for distribution respectively [1]. Lack of fervency as well as low production capacity
of capped bottle of beer in the brewery industry is as a result of poor or low precision
associated with an electro pneumatic actuator based robotic capper. This can be resolved
by deploying more robust precision controller with some Predictive model controller
incorporated with an artificial intelligent. Model predictive control is used to optimize the
precision control of the electropneumatic actuator-based robotic bottle capper [1], [2].

Soft pneumatic robotics have attracted more attention due to their deformation
capabilities, and high-precision and low-cost backpropagation (BP) neural network-based
model method is employed to control the pneumatic actuator [3]. Intelligent control
algorithms based on MPC are developed to regulate the targeted pressure in variable-
rate capping robots as well as the motion control of the lowering plunger head and
conveyor belt [4], [5]. MPC-based motion control framework in the designed based-rule
for spherical robots, which includes an optimal velocity controller and an optimal
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orientation controller [4]. The controllers in the framework utilize extend states
observers (ESO), multilayer perceptron (MLP), and changing weights to achieve accurate
bottle tracking of target commands, minimize fluctuations in attitude and motor currents,
and optimize control performance [6].

Thus, a servo pneumatic actuator based lunar robots can be applicable to any form
of industrial processes be it: static or dynamic systems, measurement and material
evaluations, self-driven vehicles, assembly robots, biomedical engineering, physiotherapy
or orthotics systems, and a lot more [7]. Other aspect of intelligent agent is motion
planning autonomous mobile robot using recurrent fuzzy neural network (RFNN) trained
by extended Kalman filter but was only suitable for simple systems. The RFNN used in the
research cannot fit in where complex systems are required [8].

However, a review of other scholar article presented by Zhao et al. achieved
feedback linearization controller which achieved high accurate output voltage control in
a boost-type DC/DC converter [9]. The controller included integral action to improve
performance and reduce steady-state error. The proposed method outperformed an
existing two-loop controller in terms of both dynamical and steady-state behavior [10].
Retnaraj et al. applied feedback linearization to an electric hovercraft system for path
tracking and achieved satisfactory results [11]. They modeled the nonlinear system and
used simple linear controllers for path tracking [12]. The robustness of feedback
linearization was analyzed by considering parametric and structural uncertainties as well
as unmodeled dynamics [12].

Thus, Model Predictive Control (MPC) is chosen for its optimized precision control
stability and applications in the process line, bridging the constraint gap, and satisfying
inherent limitations. The proposed MPC algorithms and control frameworks have been
experimentally validated and shown to outperform traditional control systems such as
PID and sliding mode controller (SMC) in terms of rapidity, accuracy, stability, and energy
consumption [13], [14]. Therefore, the motivation for this research is to introduce a novel
approach utilizing Model Predictive Control (MPC) and neural network (NN) known for its
optimized precision control stability. By leveraging MPC, the aim is to bridge the gap in
precision control within the brewery industry's production line while addressing inherent
limitations and ensuring stability in the control system.

2. Method
2.1 Characterization of Electro Pneumatic Actuator (ETA) System for Capper Robot

The optimization precision of the Electro Pneumatic Actuator (ETA) relied on
several key assumptions. Firstly, considerations were made regarding the height and
dimensions of the capper process system to achieve a desirable production rate per hour.
This involved ensuring that the system could efficiently accommodate the necessary
equipment and facilitate smooth operations within the specified timeframe. Secondly,
the diameter of the appropriate cap was carefully taken into account. This ensured
compatibility with the capping machinery and minimized the risk of errors or
inefficiencies during the capping process. Additionally, proper evaluations were
conducted regarding the area of the electro pneumatic actuator to ensure it could cover
the precise circumference of the bottle. This was crucial for achieving consistent and
accurate capping results across different bottle sizes and shapes. By integrating these
considerations into the optimization process, the ETA could effectively meet production
targets while maintaining quality standards in capping operations.

Speed RPM Number of Crates Produced Time of Production (hr)
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In the case of bottle and cap production, there are two main factors that affect the
production process:

a. Capping Time (T), T is the time taken to close one bottle with the cap.

b. Conveyor Speed (S), Sis the speed of the conveyor motor that carries the bottles from
the production site to the capping site.

Our goal is to maximize the total number of bottles wrapped (P). However, we have
to keep in mind two constraints that have been given:

c. Production Capacity Limit: The total time taken to wrap the bottles and the conveyor
speed must not exceed 1000, in any relevant unit (seconds for time, rpm for conveyor
speed).

d. Maximum Production Limit: The total time and conveyor speed should not exceed
the maximum number of bottles that can be produced, which is 324,000 bottles.

Given these constraints, we have the following objective equation describing the

total number of bottles wrapped (P):

P=133.3T +4.2§S (1)

Then, we have two constraints that must be met:
a. Production Capacity Constraint: 133.3T + 4.25 < 1000
b. Maximum Production Constraint: 432007 + 13505 < 324000

In this context, P is the total number of bottles wrapped, T is the time taken to wrap
the bottles, and S is the speed of the conveyor motor. Hence, our objective is to find the
values of T and S that satisfy both constraints while maximizing the total number of
bottles wrapped.

1 SIMPROVING PRECISION OF ELECTROPNEUMATIC ACTUATOR BASED ROBOTIC BOTTLE CAPPER USING MODEL PREDICTIVE CONTROL
% Maximize P = 133.3T + 4.2Z5
3 % Subject to
4 % 133.3T + 4.25 < 1000
5 % 432007 + 13505 = 324000
& 5Where
1 %P is the total number of bottles corked
8 5T is the k the bottles.
9 %5 is the s 2y0r motor to convey the bottles to the corking point.
10
alil | = £=[-133:4.2]:
alzl = A=[133.3 4.15;43200 1350];
13 - Db=[1000;324000];
14 - Aeg=[D 0]
il | = beg=[0]:
16 - LB=[0 0]:
17 - UB=[inf inf];
alz|= [, FVAL, EXITFLAG] =linprog(f, A, b, Req, beg, LB, UB)
19
20
1 %IMPROVING PRECISION OF ELECTROPNEUMATIC ACTUATOR BASED ROBOTIC BOTTLE CAPPER USING MODEL FREDICTIVE CONTROL
2 % Maximize P = 133.3T + 4.23
3 % Subject to
4 % 133.3T7 + 4.25 = 1000
& % 432007 + 13505 = 324000
& %Where
7 %P is the total number of bottles corked
B %T is the time taken to cork the bottles.
9 %5 is the speed of the conveyor motor to convey the bottles to the corking point.
10 - £=[-133:4.2];:
b= A=[133.3 4.25:43200 1350]:
12 - b=[1000;324000]:
13| = A=q=[0 0]
14 — beq=[0] :
15 — LE=[0 0]:
16 — UE=[inf inf]:
= [X,FVAL,EXITFLAG] =linprog (£, &, b, A=q, b=qg, LB, UB)
18 — Optimization terminated.
=)= X=
20 - 7.5000
21 - 0.0000
22 - FVAL =
23 - =987.5000
24 - EXITFLAG =
25 — 1
28
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Based on the optimization results obtained, within 7.5 seconds, 998 beer bottles
were successfully closed. Therefore, to find the optimal time needed to cork one bottle
of beer, we can use the formula:

Optimum time per bottle = % (2)
Replaces the given values:
Optimum time per bottle = 7—58 =0.007515s
998 bottles

So, the optimization results show that the optimal time required to close one bottle
of beer is about 0.007515 seconds.

Cap Dimensions Appropriate Lid Appropriate Cap  Suitable Lid Suitable Cap
Height Height Diameter Diameter

Height of a cap 8.5mm 9mm 26mm 29mm

In the evaluation of bottle closing precision, several aspects are the main focus. The
circumference of the closure is an initial consideration. A precise bottle closure has a
circumference of about 81.69 mm, while an imprecise one has a circumference of about
91.1 mm. The percentage precision of the closure circumference is calculated to be about
9.9%. Furthermore, the closure area is also an important consideration. The precise
bottle closure has an area of about 660.6 mm?, while the imprecise one has an area of
about 531 mm?. The precision percentage of the closure area is calculated to be about
19.6%. Finally, closure time is another important aspect. The conventional closing time is
about 0.1333 seconds, while the optimised closing time is about 0.007515 seconds. This
results in a closing time precision percentage of about 94.4%. Thus, this precision
evaluation gives an idea of how well the bottle closing process is performed, with an
emphasis on precision in circumference, area, and closing time.

% Accuracy when closing Number of Crates Number of Bottles Time of

the Bottle Cap Produced Produced Production (hr)
94.4% 28000 336000 bottles 12

CORKED

——

Figure 2. Above shows the improved MPC developed ground rules to optimize the
electro pneumatic actuator-based bottle corking mechanism when the bottle is corked
respectively and shows the MPC sensor indicating that the bottle has been corked well
before the conventional model SIMULINKS below.
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The results obtained in figure 3 are as shown in figure 4. To design a rule base that
increases precision in the bottle closing mechanism of electro pneumatic actuators
thereby increasing production capacity.

Rule Editor: CORKINGRULEBASE =8 X

File Edit View Options

2. 1f (CORKINGMECHANISM is GOOD) and (PRECISION is HIGH] then (FRODUCTIONCAPACITY is LARGE) (1)
3. 1f (CORKINGMECHANISM is BAD) and (PRECISION is HIGH) then (PRODUCTIOWCAPACITY is SMALL) (1
4.1 (CORKINGMECHANISM is GOOD) and (PRECISION is LOW] then (PRODUCTIONCAPACITY is SMALL) (1)

1. 1f (CORKINGMECHANISM is BAD) and (PRECISION is LOW) then (PRODUCTIONCAPACITY is SMALL) (1) .
)

If and Then
CORKINGMECHANISM iz PRECISION iz PRODUCTIONCAPACITY i
BAD o LOW A SMALL 2
GOoD HIGH LARGE
GOCD HIGH LARGE
nane none none
not not not
Connection Wigight:
ar
Figure 4 Designed S
Rule Base That Ob L. 1 Dele rue Addrue Change rulz ‘ = ||| =
Increases Precision in
Capping Mechanism Renamed FIS to "CORKMGRULEBASE" Hel ‘ Close ‘

of Electro Pneumatic
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Based on figure 4, there are a series of rules designed to improve the precision in
the closing mechanism of the electropneumatic actuator bottle closure, with the goal of
increasing the overall production capacity. Each rule describes a different condition of
the closure mechanism, the level of precision, and its impact on production capacity.
Comprehensive details of the rules are as shown in table 4.

Closing Mechanism Precision Production Capacity
1 Bad Low Small
2 Good High Large
3 Bad High Small
4 Good Low Small

To improve efficiency in bottle closure precision and thereby increase production
capacity in the brewing industry, the first step required is to train an Artificial Neural
Network (ANN) according to the designed ground rules. This will help in optimising the
improved bottle closure precision, thereby increasing the overall production capacity in
the brewing industry.

Figure 5. Trained ANN

0.8]- - | inthe designed rule base to
enhance the efficacy of

0.7 41| increasing capping preci-
sion thereby enhancing

06 4 | production capacity of
brewery industry. Based on

N 05 - | Figure 5, Artificial Neural
S Network that has been
041 -4 | trained using the basic rules
that have been designed.

03 4| The aim is to increase
precision in the bottle

02r 4 | capping process, with the
hope that this will result in

01 02 03 04 05 06 07 08 09 an increase in overall

Wi, 1) production capacity in the

brewing industry.

Based on Figure 6, an
put 1 Pty oy artificial neural network
(1) i) (AN.N) model tr.alned in
Neural Network basic rules designed to
increase effectiveness in
improving closing precision, thereby increasing production capacity in the brewing
industry. Artificial Neural Network model that has been trained using the designed
ground rules. The aim is to improve the precision in the bottle closing process, which will
hopefully result in an increase in the overall production capacity in the brewing industry.
To develop a SIMULINK model for improved precision control of electropneumatic
actuator-based bottle closures using intelligent agents, can be done by combining
modelling of the bottle closure system with intelligent control methods in a SIMULINK
environment. This could involve the use of appropriate SIMULINK blocks to represent the
bottle closure system and the implementation of intelligent control algorithms to
improve the precision of the process presented in Figure 7.

Jack Chinedu Edeubaka et al.
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Figure 7 shows the SIMULINK model that has been developed to control the bottle
closing precision using electropneumatic actuators and intelligent control approach. The
model is designed to improve the precision in the bottle closing process. The results
obtained are shown in figures 8 and 9 respectively.

3. Result and Discussion

The results of the comparative analysis of conventional and intelligent closing
precision in the context of improving the precision control of electropneumatic actuator-
based bottle closures are presented in Table 5.

Time (s) Conventional Corking Precision (%) Intelligent Corking Precision (%)

0 0 0

1 59 60
2 80 85
3 90 91
4 94.4 99.9
10 94.4 99.9

Table 5 compares conventional closing precision with intelligent closing precision
in the electropneumatic actuator-based bottle closing precision control. The observed
results show a significant difference between these two approaches. The conventional
closing precision starts from 0% initially and increases with time, reaching 94.4% at the
4th second and remaining stable until the 10th second. Meanwhile, the smart closing
precision also starts from 0% initially, but increases faster than the conventional process.
This precision reached 99.9% at the 4th second and remained stable until the 10th
second. These results highlight the superiority of the intelligent control method in
achieving higher precision in less time. Thus, the use of an intelligent control approach is
able to significantly improve shutdown precision, which in turn will improve production
quality in the brewing industry.

The implementation of intelligent controls allows the system to respond and adapt
more quickly to changing conditions and variability in the bottle capping process. This can
include more accurate adjustments to air pressure, closing speed and bottle position, all
of which contribute to increased overall precision [15]. Thus, the use of intelligent control
approaches significantly increases closing precision, which in turn will improve

Jack Chinedu Edeubaka et al.
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production quality in the brewing industry. In addition, the increased closing precision
achieved by using intelligent controls can also reduce waste of raw materials and improve
overall operational efficiency. This will result in a more consistent and reliable end
product, reducing the need for manual adjustments and quality inspections, and reducing
the risk of product waste or defects. Thus, investment in intelligent control technology
can provide significant long-term benefits to the brewing industry.

100 [ :
|

90

80

70

60

corking precision (%)

50

/ Conventional corking precision (%)
40 / Intelligent corking precision (%)
30 /
20 /

10
J 1 2 3 4 5 6 7 8 9 10

Time(s)

Figure 8 shows that the conventional closing precision is 94.4%, whereas when
intelligence is implemented in the system, the closing precision increases to 99.9%.
Therefore, there is an increase in closing precision of 5.5% when intelligence is integrated
in the system. This shows that the use of intelligence in the system has successfully
improved the closing precision significantly, providing more accurate results in the bottle
closing process. The development process includes integrating artificial intelligence into
the system, which requires careful design and implementation of precise control
algorithms. The use of intelligence in the system allows for the optimization of
parameters such as air pressure, closing speed and bottle position with greater precision,
thereby improving the overall quality of closures. In addition, this approach also involves
the establishment of a strong feedback loop, which allows the system to continuously
monitor and adapt its operations according to changing conditions [16]. This provides
faster response to variations in environmental or operational conditions, which in turn
increases bottle closing precision.

The end result of this development was a significant achievement in improving
efficiency and quality in the brewing industry. The use of intelligence in the system has
succeeded in substantially increasing closing precision, creating a more reliable and
consistent solution for the bottle closing process, and in turn contributing to increased
productivity and product quality in the industry [16]. Next, compare conventional and
smart cork crates to improve the precision control of bottle caps based on electro-
pneumatic actuators which can be seen in Table 6.

Time (s) Conventional corked crates (crates) Intelligent corked crates (crates)
0 0 0
1 17000 18000
2 24000 25000
3 26000 27000
4 27000 28570
10 27000 28570

Jack Chinedu Edeubaka et al.
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Table 6 compares the effectiveness of the conventional closure method with the
intelligent closure method in improving precision control in electropneumatic actuator-
based bottle closures. The observed results show a significant difference between these
two approaches. The number of bottle baskets successfully closed by the conventional
method increases with time, reaching 27000 baskets at the 4th second and remaining
stable until the 10th second. On the other hand, the smart closure method successfully
closed a larger number at each time interval, reaching 28570 baskets at the 4th second.
This shows that the use of the intelligent closure method is able to increase efficiency in
the number of bottles closed in the same time period. Thus, the integration of intelligence
in the bottle closure system can result in a significant increase in overall production
capacity in the brewing industry.

x10°
3 T I I 1
o -
ol A SRS SRS SN SO SRS SRS OO -
@ 1
= !
w ; ; : : :
£ 19 5 5 -.-Conventional corked crates [~ T ]
o ; ; Inteligent corked crates
= : : : :
5 gl fes R R S S b A I S -
]SS S N R S S S R R S -
[ I I I I I I I I I
e 1 2 3 4 3 6 7 g8 9 10
Time(s)

Based on Figure 9, the number of conventionally closed beer bottle baskets in the
brewing industry is 27000 baskets. However, when intelligence is implemented in the
system, this number increases to 28570 baskets. This shows that by using a more
intelligent approach in the bottle closing process, the brewing industry can increase
production by closing more bottle baskets in the same period of time. The increase in the
number of closed beer bottle baskets from 27,000 to 28,570 when implementing
intelligence in the process shows the positive impact of using a smarter approach. Under
the conventional system, production is limited to 27,000 bushels. However, with the
intelligence applied, production increased to 28,570 bushels, representing an increase of
approximately 5.8%.

This improvement reflects greater efficiency in the beer bottle capping process,
perhaps through optimizing resource use or reducing the time required to complete the
task. The implementation of intelligence can enable systems to process data faster, make
better decisions, or even learn from experience to improve future performance. In
addition to increasing production volumes, the use of intelligence in the beer bottle
closing process can also bring other benefits, such as improving product quality or
reliability, reducing waste, or even saving production costs in the long term [17]. This
shows that investing in technology and intelligence is not just about increasing
productivity but also improving various aspects of operations and bottom line.

Jack Chinedu Edeubaka et al.
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4. Conclusion

The poor corking mechanism of breweries bottled drinks is as a result of low
precision. This is overcome by introducing an improved precision control of electro
pneumatic actuator-based bottle capper using intelligent agent. It is done in this form
characterizing an electro pneumatic actuator system, developing a conventional model
of electro pneumatic actuator based robotic bottle Capper, designing a rule base that
increases precision in capping mechanism of electro pneumatic actuator bottle capper
thereby increasing the production capacity per time. To this effect, we have to train Al in
the design a modeling base rule to ensure that the efficacy of capping mechanism is
optimized, thereby enhancing production capacity of brewery industry and revenue
drive. The study tends to archive it result by developing a SIMULINK model for the
improved precision control of the electro pneumatic actuator robotic based bottle
Capper using intelligent agent. The results obtained were compared with the
conventional precision output at 94.4% to when intelligent agent was incorporated in the
system, and we obtain a corking precision of 99.9%. Finally, the percentage improvement
in corking precision while justifying the conventional methods to intelligent agent was
5.5%, with the production capacity of 27000 crates for conventional, 28 570 using MPC.
On the other hand, when intelligence is imbibed in the system it increased to 342500
bottles.

5. Author’s Declaration

Author contributions and responsibilities - The authors made major contributions to the
conception and design of the study. The authors took responsibility for data analysis,
interpretation and discussion of results. The authors read and approved the final
manuscript.

Funding - This research did not receive external funding.

Availability of data and materials - All data is available from the author.

Competing interests - The authors declare no competing interests.

Did you use generative Al to write this manuscript? - | do not use Al assistance in my
manuscript.

Declaration of generative Al and Al-assisted technologies in the writing process - During
the preparation of this work the author did not use Al to write, edit, or other things
related to the manuscript.

6. References

[1] Y. Shi and K. Zhang, ‘Advanced model predictive control framework for autonomous
intelligent mechatronic systems: A tutorial overview and perspectives’, Annual Reviews in
Control, vol. 52, pp. 170-196, Jan. 2021, doi: 10.1016/j.arcontrol.2021.10.008.

[2] M. Mohtasham Moein et al., ‘Predictive models for concrete properties using machine
learning and deep learning approaches: A review’, Journal of Building Engineering, vol. 63,
p. 105444, Jan. 2023, doi: 10.1016/j.jobe.2022.105444.

[3] Y. Yao and D. K. Shekhar, ‘State of the art review on model predictive control (MPC) in
Heating Ventilation and Air-conditioning (HVAC) field’, Building and Environment, vol. 200,
p. 107952, Aug. 2021, doi: 10.1016/j.buildenv.2021.107952.

[4]  Z. Zuo et al., ‘'MPC-Based Cooperative Control Strategy of Path Planning and Trajectory
Tracking for Intelligent Vehicles’, IEEE Transactions on Intelligent Vehicles, vol. 6, no. 3, pp.
513-522, Sep. 2021, doi: 10.1109/TIV.2020.3045837.

[5]  S. Peicheng, L. Li, X. Ni, and A. Yang, ‘Intelligent Vehicle Path Tracking Control Based on
Improved MPC and Hybrid PID’, IEEE Access, vol. 10, pp. 94133-94144, 2022, doi:
10.1109/ACCESS.2022.3203451.

Jack Chinedu Edeubaka et al.



(6]

(7]

(8]

(9]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

Licensee: Tinta Emas Institute

T.Li, A. Badre, H. D. Taghirad, and M. Tavakoli, ‘Neural Network Learning of Robot Dynamic
Uncertainties and Observer-based External Disturbance Estimation for Impedance Control
* in 2023 IEEE/ASME International Conference on Advanced Intelligent Mechatronics
(AIM), Jun. 2023, pp. 591-597. doi: 10.1109/AIM46323.2023.10196132.

G. Zhang, Y. Chen, W. Zhou, C. Chen, and Y. Liu, ‘Bioenergy-Based Closed-Loop Medical
Systems for the Integration of Treatment, Monitoring, and Feedback’, Small Science, vol. 3,
no. 10, p. 2300043, 2023, doi: 10.1002/smsc.202300043.

H. Nasiri and M. M. Ebadzadeh, ‘MFRFNN: Multi-Functional Recurrent Fuzzy Neural
Network for Chaotic Time Series Prediction’, Neurocomputing, vol. 507, pp. 292-310, Oct.
2022, doi: 10.1016/j.neucom.2022.08.032.

M. Zhao, J. Wan, and C. Peng, ‘Generalized predictive control using improved recurrent
fuzzy neural network for a boiler-turbine unit’, Engineering Applications of Artificial
Intelligence, vol. 121, p. 106053, May 2023, doi: 10.1016/j.engappai.2023.106053.

Z. Wen, L. Xie, Q. Fan, and H. Feng, ‘Long term electric load forecasting based on TS-type
recurrent fuzzy neural network model’, Electric Power Systems Research, vol. 179, p.
106106, Feb. 2020, doi: 10.1016/j.epsr.2019.106106.

W. Retnaraj, S. Sengupta, T. Q. Dinh, and J. J. Chong, ‘Modeling and Feedback Linearization
of an Electric Hovercraft for Path Tracking’, in 2022 25th International Conference on
Mechatronics Technology (ICMT), Nov. 2022, pp. 1-6. doi:
10.1109/ICMT56556.2022.9997746.

L. Yan, B. Ma, and W. Xie, ‘Robust practical tracking control of an underactuated
hovercraft’, Asian Journal of Control, vol. 23, no. 5, pp. 2201-2213, 2021, doi:
10.1002/asjc.2585.

A. R. periyanayagam and Y. H. Joo, ‘Integral sliding mode control for increasing maximum
power extraction efficiency of variable-speed wind energy system’, International Journal of
Electrical Power & Energy Systems, vol. 139, p. 107958, Jul. 2022, doi:
10.1016/].ijepes.2022.107958.

B. Sahoo, S. Keshari Routray, and P. Kumar Rout, ‘Execution of robust dynamic sliding mode
control for smart photovoltaic application’, Sustainable Energy Technologies and
Assessments, vol. 45, p. 101150, Jun. 2021, doi: 10.1016/j.seta.2021.101150.

O. Jorg and G. Fantoni, ‘A self-adaptive high precision gripper for shape variant
components: Towards higher reliability and efficiency of a cobotic cell’, Journal of
Manufacturing Systems, vol. 70, pp. 113-126, Oct. 2023, doi: 10.1016/j.jmsy.2023.04.003.
Q. Zhou, M. Li, C. Fu, X. Ren, Z. Xu, and X. Liu, ‘Precise micro-particle and bubble
manipulation by tunable ultrasonic bottle beams’, Ultrasonics Sonochemistry, vol. 75, p.
105602, Jul. 2021, doi: 10.1016/j.ultsonch.2021.105602.

N.-Y. Zhao, J.-F. Liu, M.-Y. Su, and Z.-B. Xu, ‘Measurement techniques in injection molding:
A comprehensive review of machine status detection, molten resin flow state
characterization, and component quality adjustment’, Measurement, vol. 226, p. 114163,
Feb. 2024, doi: 10.1016/j.measurement.2024.114163.

Publisher’s Note — Tinta Emas Institute stays neutral with regard to jurisdictional claims in published maps

and institutional affiliations.

Jack Chinedu Edeubaka et al.



