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Abstract: This article examines a selected manufacturingpamy, where an analysis of the current productgyout
was conducted. The primary objective of this stud to propose an automation solution to enhareefficiency of
the production process. The proposed automatidersyisicorporates handling robots and roller conveyo streamline
material transportation from the warehouse to ttoglyction area. The implementation of this systémsao eliminate
production downtime and ensure a continuous andiexif workflow. Article outlines the purpose of tamation
implementation, along with the necessary investmeqtirements. Additionally, the study providesaanprehensive
evaluation of the proposed solution, highlightirggtbthe advantages and potential challenges ofraaiton.

1 Introduction The primary objective of this automation is to

In today's manufacturing industry, there is a grawi accelerate mgperial flow and reduce inefficiencias
demand for increased efficiency, faster productioRroduction. Initially, the company was unsure abihat
processes, and the reduction of downtime. Automatiwl  investment required for automation and was mainly
digitization have become key factors in ensuringterested in understanding how it would improveerial
competitiveness and optimizing workflow. This deic flow. After evaluating the potential benefits, thempany
presents a proposai for an automated System ireatesd determined a feaS!ble inV?Stment ampunt. ThlS iarth
manufacturing company, focusing on improving maiteri focuses on the 3D visualization of material tram'S]M:thln
flow within the production process. the production process as part of the proposedraiion

Currently, material is transported manually usingtrategy.
workers and transport carts, which slows down prtidn
and leads to unnecessary delays. The proposedosolu2 ~ Analysis of the current state of the halls
involves implementing conveyor belts and an autechat and machines
control system at each workstation. Workers willatxe The current state of the production layout wasait
to request specific semi-finished materials fromstorage jjjustrated using Microsoft Visio. This softwaredssigned
facility through a digital system. The warehousd W&  for creating various diagrams, including floor gam this
organized into shelves based on different matéyjas, software, it is possible to create flowcharts, aigational
such as bar stock, sheet metal, and other sershédi charts, building plans, floor plans, data flow déays,
products. A robotic system will process the requesl process flow diagrams, business process modeling,
transport the required materials using a rollervegor to  swimlane diagrams, 3D maps, and many others. Miftros
the designated production department, where wowké's visio can be used to create both simple and complex
receive them. diagrams. It offers a wide range of built-in shamégects,
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and templates that we can work with. Within thisgyram, The purpose of implementing this automation was
we created a floor layout of the plant with mackimed primarily to prevent production downtimes that ated
also provided precise dimensions [1]. due to the slow flow of materials into production.
Currently, materials are being moved at the worgla
) B using manual labor and transport carts.
ua -.| The automation of production will proceed in
boe e such a way that each workstation will have a coceater
where workers will enter requests into the warebdos
the semi-finished products needed at that specific
production workstation. In the warehouse, shelvitisba
divided according to specific types of materialsy f
example, there will be a shelf for bar materialshalf for
I 1 sheet materials, and various other semi-finishedygts.
,L —— ¥ The robot will receive the information entered irte
——4 ]l0® : 3 warehouse and will use a roller conveyor to sera th
I i I_. w0 specified materials and semi-finished products he t
- - T s —g tsr?eercrzllflc production department, where workers edllect
Figure 1 Hall layout In this implementation of automation, our primary
) ) oal is to accelerate the material flow. At theibemg,
Using the Factory Design program, we created a 3fje company was unsure of how much it wanted testiv
model of the enterprise where we will be implemeti i, this automation; it primarily wanted to see hve
automation. The halls are represented with 3D nsod®l material flow into production would be addressedi an
machines. We illustrated the halls in this way &véda \hether it would benefit their business. Subsedyeitt
better visualization before implementing automation indicated how much it was willing to invest inTherefore,
in this work, we focused on the 3D visualizationtloé
material transfer to production [3].

3 Proposed automation and digitization

solution

To enhance efficiency and eliminate production
downtime, the proposed automation and digitization
solution focuses on optimizing material handlinghivi
the selected manufacturing company. The currenualan
transportation of materials using workers and farts
carts slows down production and introduces inefficies.
The new system aims to streamline this process by
implementing handling robots, roller conveyors, and
Figure 2 3D visual view from above of the curreates digital request system that automates material fiom

) ) the warehouse to production stations [4].
In the company where we have decided to implement P (4]

production automation, there is a slow flow of protibn
materials and semi-finished products into produrctithis
causes downtime at the workplaces, and there syaha

wait for the materials to ar_rive at the specifioguction  pbots that will be responsible for picking and gitey
department. Labor and various types of ranspats@e  aterigls, reducing the need for manual labor iteris

required for the transportation of materials thiougyangnort. These robots will operate in the warebou
production. In this enterprise, we have decidealtomate retrieving materials from designated shelves aaipd

production by introducing handling robots and mllehem onto roller conveyors, which will then deliveem
conveyors that lead from the warehouse to botlshahe ;. specific production workstations. This approaui

material from the warehouse will be placed on thgng e a continuous flow of materials and eliminttays
conveyor by the robots and subsequently sent to tpg ,ceq by manual handling [6].

specific production department. The goal of this

automation is to prevent downtime in production and

ensure its smooth operation [2].

Implementation of Handling Robots and Roller
Conveyors
The proposed automation will introduce handling

@@@ ~ 24 ~
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Expected Outcomes
The implementation of automation and digitizatian i
material handling is expected to bring several bene
including [8]:
» faster material flow, reducing production delays
e minimized manual labor, allowing workers to
focus on core production tasks
» reduced material handling errors, ensuring
accuracy in production
e improved inventory management, preventing
material shortages and overstocking
* enhanced production efficiency, leading to
increased overall productivity

4 Investment and implementation strategy
In the company are two employees designated for
loading, unloading, and transporting materials aewhi-
Figure 3 Proposed manipulation Robot Motoman ESt66p  finished products. The average salary of these everls
5] 900 euros per month. The company employs two aahditi
employees who assist in transportation and loadiing.
The picture above shows a 3D representation of average salary of these employees is 700 euranqah.
manipulative robot that can grab materials fromsthelves Approximately 400 euros are spent monthly on diésel
and subsequently sends it via a roller conveyotht the transport vehicles.

designated production department [6]. If we were to implement automation in the company,
where these four employees would no longer be sacgs
Digital Request System for Material Handling and no funds would be spent on transport carts,

Each workstation will be equipped with a digitalapproximately 3,600 euros would be saved monthly.
request system, allowing workers to input the tgpel Annually, this amounts to 43,200 euros.
quantity of materials needed. The request will toegssed According to the company's internal analyses,
by the central control system, which will then fost the estimated downtimes due to low material flow effiwy
warehouse robots to retrieve and transport theinegju in production exceed 10% annually. This efficienty,
materials. The warehouse will be structured witterms of employee time utilization, is primarilyjlated to
categorized storage racks, such as sections fostbek, wages and personnel costs. The company's financial
sheet metal, and other semi-finished products, lemgab statement from 2019 indicates that personnel costs
efficient material selection and retrieval [7]. amounted to 189,572 euros. Considering the 10% time
losses, this inefficiency costs the company 18,88i0s
annually.

The absence of automation in the company results in
estimated annual losses of 62,157 euros. The compan
clarified that roller conveyors could also be mantfired
in-house, as they have previously engaged in the
production of similar conveyors. This implies thhe
introduction of conveyors would be somewhat less
expensive for the company.

Table 1 The cost of making 1-meter of conveyor

Figure 4 Warehouse robot retrieving required madksi

Production of a -meter conveyc Cos

Integration with the Existing Production System Material for I-meter of conveyc 16C€
To ensure seamless operation, the automation systefomponent 9Ce
will be integrated with the company's existing proon | Work 15C€
management software. This integration will enaldal-r | Other costs (energy, overhead cc 30€
time tracking of material movement, inventory ugdat | Total 43C€

and predictive restocking, ensuring that materiate

always available when needed. The system will also The construction of 1 meter of a roller conveyouigo
generate analytical data to further optimize thadpction cost €430. Since we need to produce 200 meters of
workflow over time [8]. conveyor, the total amount would be €86,000. Ta thi
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amount, it is necessary to add the technology reddor material handling and eliminated production dowetim

driving the conveyor, which would cost approximgtel caused by delays in the delivery of raw materiatbsemi-

€25,000. Therefore, if the conveyor were manufactun finished products. By streamlining material flowdan

the given company, its production would cosensuring direct delivery to designated workstatidhe

approximately €111,000. proposed solution enhances overall production iefficy
As mentioned above, the Motoman ES165D-108nd minimizes operational disruptions.

(Figure 3) is an advanced robot focused on machine The findings of this study indicate that the pragbs

operation and material handling with a payload@ kg automation strategy offers substantial benefitsthe

and a reach of 3010 mm. The Motoman ES165D-100 ¢®@mpany, both in terms of economic return and djueral

equipped with the DX100 controller. New industrialeffectiveness.

robotics with components range from 40,000 to 65,00

euros. After adding application-specific peripherér Acknowledgement

production, the robotic system costs between 8320@D This paper has been funded by the following preject

125,000 euros. The purchase of such a robot wasidup APVV-17- 0258, APVV-19-0418, VEGA 1/0383/25

to 100,000 euros, including the relevant componértte VEGA 1/0508/22, KEGA 003TUKE-4/2024, KEGA
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Abstract: Noncentral distributions are probability distrilams that are used to model a random variable where
noncentrality parameter determines the locatiothisfdistribution. These distributions are usedtatistics, especially
in hypothesis testing to compute the power of & fEBse manuscript aims to compute cumulative distion for
noncentral t distribution using built-in functiomsMicrosoft Excel. The results obtained were fotméie comparable to
reported values.

1 Introduction o . _
The noncentralt distribution has two parameters, ~The existing algorithms to compute the cumulative
namelyv (degrees of freedom) and (noncentra“ty distribution function (Cdf) |nV0|Ve-d|ffe-rent expsion and
parameter), that exhibits a unimodal density. Wten OF recurrence [5]. The manuscript aims to use Miofo
value of§ is zero, the distribution becomes Student's Excel to compute cdf by using normal and chi-square
distribution. Degrees of freedom is usually a pesit distributions. This is achieved by generating rando
integer, but when calculated using the Welch orariates from the noncentraldistribution of specified
Satterthwaite equation [1] it can be any positisig (1). andv values as a ratio normal distribution of specified
If X andY are independent random variables suchXtat mean which, correspondstcand a standard deviation of
normally distributed N{,1) andY follows 42 distribution 1 and a chi-square distribution with degrees oédam
with v degrees of freedom, then the ratio follows &orresponding tod. Simulation using the data table
noncentralt distribution with & as the noncentrality function in Microsoft Excel was performed to obtain

parameter having degrees of freedom. more precise estimate of the cdf.
X 2 Methodology
y (1) 21 Visualize noncentral distribution
8 To visualize noncentrdl distribution random variates

from the noncentrat distribution as described [6], the
The most important application of the noncentral random variates were generated using built-in fandn
distribution is to compute of power of théest [2]. Power Microsoft Excel. To generate a noncentralistribution
of at-test is probability that &test will correctly reject a With 6 degrees of freedom and a noncentrality patanof
false null hypothesis with mean of a normal popafat 4, 10000 normal random numbers of mean 4 and stnda
N(u, o). The test of the null hypothesisHs: 1 < o against deviation 1 and chi-square random numbers withyertes
the alternativeHa: U > Uo based on a Samp|e from thisof freedom obtained using NORM.INV and CHISQ.INV
normal population, where the population meds greater functions respectively. Then the by using Equatign
thanpo [3]. The noncentrality parameter is the normalizefioncentrat distribution random variates were obtained. A

difference betweepo andp [4] (2). plot of the histogram of these values as showrigare 1
represents the density estimate of a noncerdistribution
(4o — 1) with 6 degrees of freedom and a noncentrality patam
6=7—"+ (2) value of 4.
(/%)
Vn
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Figure 1 Computation of random variates of noncentral t distribution using Microsoft Excel. Histogram shown corresponds to
noncentral t distribution density with 6 degrees of freedom and a noncentrality parameter value of 4

2.2 Power of t test the Data Table function in Microsoft Excel [8]. Tresults

. . are shown in
Power was determined for one samiptest using the

data described here [7]. Simulation was performsdgu

Table 1. The Data Table can perform calculations atoncentrat distribution density plot is shown in Figure 2.
once without the need for any programming code. Ahwo sample t tests can be divided into two categosis
introduction to the application of Data Table canfbund shown in Figure 3.
here [9]. Power calculation for one sampléest using

Table 1 One samplet test power calculation

o 85(C

u 810

o 50

N 19

0 = (850-810)/(50/19) = 3.487119
of 5%

degrees of freeda =19-1=1¢

critical t (Formula in Microsoft Exce = T.INV(1-5%/2,18) = 2.1009:
Power [7 0.909207

Power obtained from this mett 0.909226 (after 2000 simulatio

@@@ ~ 28 ~

S Copyright © Acta Simulatio, www.actasimulatio.eu



Acta Simulatio - International Scientific Journal about Simulation
Volume: 11 2025 Issue: 4 Pages: 27-31 [ISSN 1339-9640

Estimation of cumulative distribution for noncentral distributions
Prasanth Sambaraju

35.00%
300N
#00% 1 Shaded arca |E~.wcr = 1- beta
is heta
20.00% (Type Ll ¢rror}
15.00%
10.00%
5.00%
Q.00%:
) M & M _‘\\_',‘- £ - L o o 9 .\'_L‘p ,j} .(:‘y i .\'_h ..,f-.-
oA
o
ax
Figure 2 Power calculation using Microsoft Excel for example described [7]
o is the pooled standard deviation
s, is the standard deviation for the first sample
s, is the standard deviation for the second sample
Equal n, andn, are the sample size for first and second sample
varlances respectively. o
and the degrees of freedom is given by [10] (5)
t tests sample U”equa
’ ’ variances degress of freedom = n, +n, — 2 (5
ﬂ For two samplet tests with unequal variances, the
degrees of freedom can be approximated by Satteitidw
formula [1], which might result in fractional degw of
freedom (6).
Figure 3 Different types of t tests
- s2 52\
In case of one sampl¢ests and two sampl¢ests with (4 + L)
equal variances, the degrees of freedom is alwpgsitive v = 1 z
integer. The noncentrality parameter for two sampdest s,2 2 5,2 2 (6)
with equal variances in given by (3) (N_1> —2>
B N,—-1 " N,—-1
S = M where,
ox [ L4 L (3) s, is the standard deviation for the first sample
n, n S, is the standard deviation for the second sample
where (4) N, andN, are the sample size for first and second samples

respectively.

(4)

_ (ny—1)*xs2 4+, —1) x5
(ny +n, —2)

@@ ~ 29 ~

""3 Copyright © Acta Simulatio, www.actasimulatio.eu



Acta Simulatio - International Scientific Journal about Simulation
Volume: 11 2025 Issue: 4 Pages: 27-31 [ISSN 1339-9640

Estimation of cumulative distribution for noncentral distributions
Prasanth Sambaraju

The noncentrality parameter is given by (7) unequal variances using the method described behai
there is no built-in function which can calculatgalue
5= (Hy — 12) with fractional degrees of freedom.
5.5 (6) S
N, "N, 3 Reaultsand discussion
where, The accuracy method described here was determined

w and o are the means for first and second samp@/ comparing it with the cdf for reported valueg]{land
respectively [11]. The main limitation of using Misoft (e results are shown in Table 2. Figure 4 shows th
Excel for power estimation for two samplidests with combination plot of cdf and the noncentraistribution.

Noncentral t distribution (df=20,ncp=23,x=23)

012 0.50

0.45
0,10

0.40

0.35
008

0.30
.06 0.2

0.20
0.04

0.15

010
o.02

0.05

000 0.00

1011121314151617181930212223242526372823930323233343536373830404147 4344454647 4849505152 5354555657 585960

oot =—l==Noncentral plot

Figure 4 Plot showing cdf computed at 23 for a noncentral t distribution with 20 degrees of freedom, and a noncentrality parameter
value of 23

Table 2 Comparison of reported cdf values vs obtained from the method described in the manuscript. x corresponds to the value at
which cdf is computed (* 1000 simulations)

X v d Reported [12] Obtained*
2.3¢ 3 1 0.8018889996139: 0.802052
-4.3¢ 12¢ -2 1.25284619679287-2 0.012567
23 20 23 0.46013440039109. 0.460140
34 20 33 0.5320083863787. 0.531954
39 12 38 0.4958681849178! 0.495822
39 12 39 0.4463040246688. 0.446239
39 20C 38 0.6661942099617! 0.666428
40 20C 42 0.1792922654260! 0.179317
4 Conclusions which is conceptually easy to understand and can be

The existing algorithms used to compute cdf aréadily implemented using and any spreadsheet @mogr
complicated and most users use black box appraachlike Microsoft Excel without the need for any coipted
compute cdf using statistical software. The metho@ode. This method can also be extended to complfitef ¢
described in manuscript provides a way of computitig noncentra)? distribution and noncentr&l distribution.

o
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