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Abstract: The paper will deal with the application of cluster analysis in the storage system of a selected manufacturing
company from the automotive industry. The cluster analysis will be based on monthly business expedition data. The result
will be dendrogram representation of clusters, from which we select the optimal number of clusters. These clusters will
present a proposal for storage products. Cluster analysis belongs to multivariate matematical-statistical methods. The aim
of cluster analysis is to create clusters based on the similarity in compliance the conditions that the similarity of objects
within the cluster is the largest, and similarity clusters as small as possible. Similarity is a fundamental idea in the
formation of clusters of stocks.

1
1.1

Cluster analysis in storage system
Current warehouse system

Cluster analysis belongs to multivariate matematicalstatistical methods. The aim of cluster analysis is to create
clusters based on the similarity in compliance the
conditions that the similarity of objects within the cluster
is the largest, and similarity clusters as small as possible
[1]. Similarity is a fundamental idea in the formation of
clusters of stocks [2].

The paper will deal with the application of cluster
analysis in the storage system of a selected manufacturing
company from the automotive industry. We have data on
expedition of products for customer per calendar year.
Monthly development of the dispatch of products per year
for individual customers the company is graphically
illustrated in Figure 1.

Figure 1 Development of product expedition

Percentage share on expedition of products to
customers is shown graphically in Figure 2.
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Figure 2 The share on expedition

The graphic representation on Figure 1, Figure 2 shows
that the largest share of customers have Kia Slovakia
(52%), Rege (16%), Audi Hungary (15%), VW (12%) of
the total expedition.

The production company for storage of products in the
warehouse of finished products using ABC analysis, based
on which products are divided and arranged as shown in
Figure 3.

Figure 3 Partition in the warehouse by ABC analysis

The following figure shows graphically the percentage
of expeditions of each product group by ABC analysis
(Figure 4).

Figure 4 The share on expedition by ABC analysis
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We see that Group A products have the largest share of
the expedition with a 94% share, so storage in the
warehouse is closer to the expedition.

1.2

Cluster analysis in the storage system

When cluster analysis of the products we have not taken
into account the current method of distribution of products

according to ABC analysis [3]. This division will be
compared at the end of the article with the results of the
cluster analysis and subsequent storage suggestions [4].
The first step in the clustering process of finished
products is the creation of clusters based on input data of
the expedition in the given year. The output of the cluster
analysis is dendrogram shown in Figure 5.

Figure 5 Dendrogram

Based on a heuristic approach to selection of clusters,
there are optimal 4 clusters of products. Percentage of

individual clusters of products is graphically illustrated in
Figure 6.

Figure 6 The share on expedition by cluster analysis

The most significant clusters by expeditions for
custormers are 2.cluster (768 497 pcs, 41% share) and
3.cluster (693 420 pcs, 37%). 4. cluster consists of the
product to the customer Kia, United Kingdom, which is the
biggest consumer of company, the percentage share those
cluster is 21%, which is 405,830 units of products. The 1.
and 2. cluster contain most types of products for different
customers, but their expedition is low. Requirements of
customer for production are one-off, so their percentage of

expedition is low. Requirements of customer for
production are one-off, so their percentage of expedition is
low.

1.3

Layout of warehouse by clusters

At the conclusion of the cluster analysis of the product
stocks, it can be noted that the division of the products into
groups (clusters) by cluster analysis is different from the
original division of products by the ABC analysis.
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The result of cluster analysis of stock items in the form
of clusters of finished products is taken into account in the

proposal of layout of the warehouse shows in Figure 7 in
2D and in Figure 8 is 3D forms.

Figure 7 2D proposal of layout of warehouse

Figure 8 3D proposal of layout of warehouse
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Abstract: This article is focused on the possibility of application of simulation tool for scheduling in manufacturing plants.
Introduction of this article describes the function of attributes of the jobs or machines – dispatching rules. After that it is
created the general overview of the most common used scheduling software in the manufacturing plants. The last part of
this article is dedicated to practical example of application the scheduling software in the manufacturing plant.

1

Introduction

Planning establishes what, how, where and in what
order work will be performed, while scheduling sets
forth who and when. Construction planning is the
development of a feasible operational design for
completing the work [3]. The process involves the
selection of work sequence and methods, and provides
information for the scheduling process [1]. Scheduling
determines the timing and specific sequence of tasks
necessary to carry out the plan [2]. The schedule is a result
of the planning process and reflects the selected plan.
Scheduling is an important planning activity in

manufacturing systems to help optimise the usage of scarce
resources and improve the customer satisfaction (Figure 1).
In the engineering there is applied the scheduling software
that use the simulation scheduling software with
dispatching rules (Table 1). Dispatching rule is a function
of attributes of the jobs or the machines [4]:
• Job attributes: weight, processing time, due date,
etc.
• Machine attributes: speed, number of jobs waiting
for processing, total amount of processing waiting
in queue, etc.
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Figure 1 Flow diagram in manufacturing system
Table 1 The most used scheduling software in engineering

LEKIN

- heuristic methods
- dispatching rules
- 6 basic work environment
- 60 standard benchmark problem
- graphic presentation of results: Gantt charts
- import and export of external algorithms

Preactor
Scheduling
Software

- minimization of production time
- minimization of costs
- maximization of operation efficiency
- rules for planning
- output: Gantt charts

SchedulePro

- final capacity planning
- reducing cycle time
- capacity analysis
- maintenance planning
- graphical interpretation: Gantt charts
- analysis: sources (material, worker, etc.), using of
machines

Seiki
Software

- minimization of production time
- creation sequence of production
- ensure accuracy of supply
- avoiding bottleneck
- reduction semi-products

Delfoi
Planner

- reduction lead time
- reduction work in progress
- increase accuracy of supply
- monitoring all changes directly by software
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2

Scheduling software LEKIN

LEKIN is a scheduling system developed at the Stern
School of Business, NYU. Major parts of the system were
designed and coded by Columbia University students.
LEKIN was created as an educational tool with the main
purpose of introducing the students to scheduling theory
and its applications. Besides that, the system’s extensibility
allows (and encourages) to use it in algorithm
development. The project has been directed by Professor
Michael L. Pinedo, Professor Xiuli Chao and Professor
Joseph Leung. This development has been partially
supported by the National Science Foundation.
Short description of scheduling software Lekin:
• 6 basic workspace environments: single machine,
parallel machines, flow shop, flexible flow shop,
job shop, and flexible job shop.
• A set of sample problems.
• More than 60 standard benchmark problems from
different sources.
• Smooth input of user problems.
• Various dispatching rules and heuristics.
• Gantt chart with drag-and-drop support.
• Graphic tool for comparative analysis of different
schedules.
• Complete graphic printouts.
• Easy attachment, import and export of external
algorithms.
In the scheduling software Lekin there are used the
following dispatching rules [4]:
• Earliest Due Date – EDD - selects the next job
from the queue based on their due date.
• First in First Out –FIFO - selects the next job
from the queue based on their arrival time at the
current machine.
• First Come – First Served – FCFS - the first job
to arrive at a work center is processed first
• Longest Processing Time – LPT - the job with the
longest processing time is processed first
• Shortest Processing Time – SPT - selects the next
job from the queue based on their processing
times at the current machine
• Weighted Shortest Processing Time – WSPT sequences jobs in nonincreasing order of their
weight-to-processing-time ratios
• Critical Ratio – CR - selects the next job from
the queue based on their relatively available
time divided by the total remaining process time
of the job

Figure 2 Main menu of scheduling software Lekin

The scheduling software Lekin uses for scheduling the
Gantt charts. It is a type of bar chart which provides a
graphical illustration of a schedule that helps to plan,
coordinate, and track specific tasks in a project. The
horizontal axis of Gantt chart is a time and the vertical axis
is a task. In the engineering there is quite often used for
scheduling of production time. In the following part of this
article is presented the example of application this software
for determination of optimal production time.

3

Application of scheduling software in
engineering

In this case, it was used the flow shop framework for the
illustration of application the scheduling software Lekin in
the manufacturing plant – production of bearings. In the
following table there is presented the machine production
time of manufactured parts - bearings. The total production
time (Table 2) will be optimized by several dispatching
rules which are described in the previous part of this article.

The main menu of scheduling software Lekin provides
the six frameworks: single machine, parallel machines,
flow shop, flexible flow shop, job shop and flexible job
shop. The overview of the above mentioned frameworks is
presented in the following figure (Figure 2).

Table 2 Production time in seconds
Bearing Bearing Bearing
Operation
1
2
3
No. 1
0
2.9
21
No.2
26
0
0
No.3
2.9
0
14
No.4
0
155
17
No. 5
3
0
0
No. 6
0
3.6
43
No. 7
0
0
37
No. 8
0
0
0
No. 9
30
44
41
No. 10
12
22
45
No. 11
60
60
60
No. 12
7
3
3
No. 13
60
60
60
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Production process was optimised by three dispatching
rules: EDD, LPT and CR (Figure 3, Figure 4, Figure 5). In
the following figure there are presented the Gantt charts
after the application of above mentioned rules.

Legend to the following Figure 3 - 5:
Grey colour – Bearing 1, Red colour – Bearing 2
Green colour – Bearing 3, Blue colour – Bearing 4

Figure 3 Optimization of production process – EDD dispatching rule

,

Figure 4 Optimization of production process – LPT dispatching rule

Figure 5 Optimization of production process – CR dispatching rule
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In the following table (Table 3) there is presented the
evaluation of previous production time and production
time after the use of dispatching rules.
In the following figure (Figure 6) there is presented the
final values of optimised production time after the
application of dispatching rules. The red line above the bar,
there is presentation of value of previous production time.

The above mentioned table and figure present that the
biggest time saving is generated after the application of
EDD dispatching rules. The time saving is about 32% from
total value of previous production time. At least save by
applying the LPT dispatching rule.

Table 3 Evaluation of production time
Difference between
previous time and after
the application of rules
205
80
70

Production time [s]
Previous production time
EDD
Production time after
CR
application of
dispatching rules
LPT

640
435
560
570

Percentage value of
saved production time
32,03 %
12,5 %
10,94 %

Figure 6 Production time after the application of dispatching rules

Conclusion
Scheduling plays an important role in most manufacturing
and production systems. [8] It involves resources and time
which must be addressed concurrently to satisfy
constraints. [6][7] This article was focused on application
of simulation tool for scheduling in engineering. The first
part of article it was described the theoretical analysis of
scheduling, dispatching rules and simulation tool for
scheduling - Lekin. The next part of article described the
application of scheduling software in manufacturing,
namely in engineering. It was used three dispatching rules
to the optimisation of production time. From the evaluation
it was selected the EDD dispatching rule as the most
optimal solution for this production. The time saving is
about 32% from total value of previous production time.
Simulation is a powerful tool that can be employed when
designing and selecting scheduling strategies. [4] It is
necessary to use this tool for evaluation, innovation and

optimization of
scheduling, etc.

manufacturing

processes,

costs,
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Abstract: The work is focused on the possibility of influencing pathological standing and walking, using AFO orthoses
while being disabled in the lower limbs with spina bifida, in other words, suffer from spine cleft. To influence the posture
and locomotion of the patient with spina bifida - myelomeningocele, the application of AFO Carbon Ankle Seven was
chosen [1]. The patient’s muscle groups controlling the foot were significantly weakened, the knees were in a varus
position. While standing, distinct hyperlordosis was visible and, at the same time, a slight bending of the torso as a result
of balancing compensation was obvious. The main purpose of orthosis use is to improve the stability, balance, movement
and walking dynamics of the patient.

1

Functional principles of selected AFO

The AFO orthosis (Figure 1) is an externally applied
orthotic device in the area of the ankle joint and foot. It
compensates the weakness and instability in the area of the
ankle joint. It is designed to control the position and
movement of the ankle, which means that it controls the
ankle directly, but it can also be designed to control the
joint indirectly. AFO can be used as a part of the footwear
or as a full-contact, and it can be used either in static or
dynamic design. AFO orthosis with a special carbon spring
Carbon Ankle Seven is produced individually and is
indicated for very active patients. Thanks to the special
design, energy is accumulated in the carbon spring at heel
strike and returned at toe-off. The orthosis allows the
patient to walk naturally with lower energy usage [1,2].
The construction of the carbon spring takes into
account the natural external rotation of the foot - 7°, while
taking the dorsal arrangement into consideration. The
proper manufacture of the plaster model and also precise
construction of the actual orthosis usually means that the
physiological posture of the patient’s foot is preserved
during walking. External rotation of the carbon springs in
the area of the bend can help by a more favourable course
of the foot (Figure 2). The compromise point is a point
located in the ankle area that the orthopaedic technician
chooses as an auxiliary point while making the orthosis [3].

Figure 1 AFO orthosis, carbon spring and insertion into
thermoplastic sleeve
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Figure 4 Illustration of increased knee dynamics when
walking with AFO[2]

Figure 2 Effect of 7 ° outward rotation of the spring on the walk

[2]
Choosing the right strength of the carbon spring is
performed according to the body weight and the degree of
user activity (normal or high level of activity). It is a
prerequisite that the patients be able to walk. For active
orthosis users, who use to walk or run more often, the
demands and requirements on the spring strength increase.
Application of Carbon Ankle Seven leads to a positive
effect on the image of walking with support of the front
foot, as shown in (Figure 3) and dynamic knee joint effect
(Figure 4).

Figure 3 Comparison of the course of the ground reaction force
from the pad under physiological conditions, in the pathology
without the use of the orthosis and with the compensation
achieved by the AFO [2]

By using AFO, the positive effect is evident. In the foot
area, the results such as the energy return effect, support of
the forefoot to the tip of the toe, harmonization with natural
walking, and dynamic dorsal and plantar limitation of
carbon fibers that support smooth walking, are achieved
[3].

Also, by using AFO, an increase in knee joint dynamics is
achieved. That leads to positive effect on the body's uplift
with the extension of the hip and knee during the standing
phase, more stability in the knee joint, and also the image
of a walking resembles the physiological walking more [3].

2

Production of Carbon Ankle Seven

Physical examination consists of control, palpation,
tapping - to find reflexes, and also includes a functional
muscle test. The medical check-up of the patient consists
of examination and observation of patient’s reflexes and
conditions. Palpation consists of examining sensitive bone
structures, wrong leg postures, scars and wounds, which
must be included in making the orthosis. After all the
examinations, the measurements take place. All necessary
measurements, such as length parameters, circumference
of the limbs, as well as other important information and
results, are written down into specific measurement forms.
If necessary, also other details are marked down. On the
lower limb, the measurements are taken on lower leg and
foot.
To make a plaster negative, we need a container of water,
plaster bandages, the carbon spring itself (or its template),
nylon stocking for easier removal of the plaster negative
from the patient's body, scissors, pencil, separation
vaseline and a plastic tube. Also a pad under the foot with
height adjustable heel, alternatively with a correctional
heel and the front wedge to ensure the dorsiflexion
positioning of the toes in the forefoot is very important. For
better positioning of the carbon spring under the foot, it is
necessary to slightly increase the heel by approx. 15-20
mm before making a plaster negative. On the limb, the
compromise centre of rotation is marked in the ankle joint,
as well as all protuberances, bone protrusions, pressure
sores and painful places. It is also possible to mark the
areas that need to be pressurized or relieved, as well as
marginal lines.
First, a footprint is made. That means that a thorough
footprint with a transversely and longitudinally shaped foot
surface and its arches in the neutral position - sagittal plane
– is created. The limb is separated by a nylon stocking and
only then a print of shank is made. The footprint part is
then attached with plaster bandage to the foot and shank
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plastering follows. Under the plaster bandage, there is a
separating device, usually a tube, inserted, so that the print
can be removed from the limb after hardening. The foot
part should be kept in the correct position in the frontal and
also in sagittal plane until hardening (Figure 5).

ground is measured and then the half of this measure is
marked. To adjust the carbon spring to the actual shape of
the shin, the lining from Pedilin needs to be applied and
grinded onto particular areas, and if necessary, also the
areas with possible cavities have to be filled. Due to
external rotation, and when positioned correctly, the
carbon spring flows in the area under the foot in the way of
second metatarsal bone. Afterwards, the carbon spring is
fixed to the model by a polyethylene duct tape across the
foot arc and under the calf (Figure 7).

Figure 5 Plastering of foot and shank

After hardening, the guide lines are market transversely
to the center axis, so that the precise reconnection of the
cut plaster negative can be achieved. The print is cut and
the bandage is removed. By this way, the plaster negative
is made; however, it still needs to be checked for the
correctness of the design. A suitable metal tube is inserted
into the model. The outer end of the tube is used to attach
the model itself into a gripper. Before molding, it is
necessary to close holes using plaster bandages, so that the
plaster cannot leak out. After checking the orthosis
position in adjusting apparatus, the liquid plaster is poured
onto the negative and is left to solidify. After hardening of
plaster, the negative is removed from the stand, by pulling
off the bandages and the positive model is selected, Fig.6.
The model is then adjusted, so that to areas that need to be
relieved, another coat of plaster is applied and from areas
that need pressurization the amount of plaster is lowered.
The deflections are evened and the model is smoothened at
the end.

Figure 7 Check the correct positioning of the spring and its
fixation to the positive

Then, one coat of perlon jersey is stretched onto the
model. It is necessary to mould the high temperature
thermoplastic on the model, using the negative air pressure.
After the thermoplastic is shaped, the course of cutting
edges is marked and the plastic is taken off the plaster
positive model. In the foot area the cutting edge is above
the ankle and in the calf are approximately to the middle of
the calf. It is important that the cutting edges are not sharp;
therefore they need to be grinded. At last, the calf area is
separated from the foot area (Figure 8).

Figure 8 Marking of cut edges separating the foot and calf part
and final assembly of the orthosis

Figure 6 Positioning of the carbon spring on the plaster positive

The length of the calf is marked. The end of the carbon
spring goes 20 mm under the cut in the heel area joint. The
position of the carbon spring under the foot is marked. The
length of it is from the heel to approximately 20 mm under
the cut in the heel area joint. To mark the area of fixation
and movement of the carbon spring, the model is divided
into two parts. First, the length from the knee slot to the

Then the places for drilling holes in the calf area are
marked. It is important to drill holes for carbon spring in
the middle, because otherwise the premature wear out or
carbon spring crack in the area of drilling can be inevitable.
Also in the foot area the places for drilling holes are
marked. The proximal hole is not at the highest heel point,
because the carbon spring bends there.

3 AFO trial and application
To check the sagittal structure, the trial with the
orthosis applied while using the laser vertical line, is
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recommended. On the lower limb, the load line should flow
15 mm anterior from the compromise point of knee joint
according to Nietert, who characterized the middle point of
rotation. It is a posture in which the axis of orthosis knee
joint rotation should be placed. It is the most neutral point
in relation to natural polycentric knee joint and is
determined empirically – in the anterio-posterior way: 60
% from the front and 40 % from the back, 2 centimetres
above the medial slit of condyles.
The load line flows 2 mm posterior from large femur
(trochanter), 15 mm anterior from the centre of the knee
according to Nietert, 60 mm anterior from the outer ankle
(Figure 9).

Figure 9 The correct course of the load line in the sagittal plane
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Conclusions
At the examined diagnosis, the correct function of
muscles controlling the foot was necessary to support. The
muscle work was replaced by an “L” shaped flexible
component made from composite material that was used as
a basic material of the whole orthosis. The spring was
embedded into the high temperature thermoplastic sleeves.
The finished orthosis was completed by Velcro taping and
the lower part of the foot area was evened as necessary.
By applying the AFO the stable upright stand of the patient
was achieved. The stand corresponded with optimal load
lines and it resulted in more stable as well as dynamic
walking (Figure 10). Recently, the patient is able to walk
along uneven terrain, stairs, as well as to ride a bike.

Review process
Single-blind peer reviewed process by two reviewers.

Figure 10 Stand before and after AFO application
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