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Abstract

This work deals with modeling of logistic processeshe Staropramen brewery.
Its outcome is supposed to be a model, which irduzhly the primary logistic processes.
The model is expected to be prepared for a cortraNhich will enable the optimization

of these processes.
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Chapter 1

| ntroduction

The goal of this bachelor work is to create a maaleich will simulate logistic
processes in the Staropramen brewery. Outputs eofirtbdel shall be the informations
representing the capacity to which the stocks #dkedf This is supposed to help the
brewery’s logistic-planning department manage aptiltoze product flows between their
production facilities and stocks.

The main requirement is to make the model variand expandable for future
changes in the brewery. The model will be also Hasic element on which the
optimization of logistic processes will be basduyst the inputs and the structure of the
model have to be prepared for a process controller.

To achieve this goal, it is necessary to colledbrmation and data about the
logistic processes between the individual objetth® brewery, consider their importance,
understand how these processes affect each otHellegend on each other and find the
most accurate mathematical representation of tledgeons.

In order to make the model flexible, it will be gphto several parts. Each part will be
a stand-alone model, but these parts can be formedhe complex model very easily, by
simply connecting their I/O ports. This way, whesrgmeters and dependances between
them change, it is not necessary to reconstrucwimegle model. An adjustment in the
relevant part of the model is sufficient.

Mathworks’ Matlab Simulink was chosen as the enwinent in which the model
should be built. This choice has been made beaUSenulink’s simplicity and especially

clearness, which is important in a project of #x$ent. Another advantage of this choice



is, that the follow-up to this project, the optimion of the logistic processes, can be very
easily merged into one model. After verifying thedul, it can be easily reprogrammed by
using any of the commonly used programming langsiaglkis gives the brewery the most

affordable and simplest way to use the model.

This bachelor work can be split into seven chapterschapter 2, following this
introduction, a basic structure analysis of theMery is done. Based on this analysis, the
theoretical information needed to construct the ehasl provided in chapter 3. Chapter 4
focuses on the actual construction of the modeichvis then verified in chapter 5. A short
introduction to model predictive control, which wde used in the follow up work, is
provided in chapter 6. This work is ended with raafi conclusion, where there are

discussed the problems relating to this work amd $olutions.



Chapter 2

Brewery structure analysis

A structure analysis of the brewery must be donerder to construct the model.
Since it is expected to be the model of the loggstihe most important thing is to analyse

the connections between the facilities and the nahtffow between them.

2.1 Locations of facilities in the Czech Republic

The Staropramen brewery is a part of multinatiolmidev corporation, which
incorporates the world’s largest breweries.

The Staropramen brewery has its main facilitiesated in Prague, Ostrava and
Olomouc (fig. 2.1). Main facilities include produan facilities and primary stocks.

Other facilities include secondary (external) sgycknd these are spread over the

Czech Republic to cover the whole country. Oveth#re are 15 secondary stocks.

Prague '§ %

Ostrava i
Olomouc i

w

Fig. 2.1: Locations of main facilities in the Czerbpublic



Table 2.1: Distances between the main facilities

Prague Ostrava Olomouc
Prague - 380 km 280 km
Ostrava 380 km - 100 km
Olomouc 280 km 100 km -

2.2 Brief description of the facilities

A brief description of the facilities is needed lielp understand the structure of

logistic processes in the brewery.

2.2.1 Prague

In Prague, there are currently two production faed. One is located in Prague —
Smichov, the other one is located in Praha — Brdfakh of these production facilities has
two own stocks. One to store the final productsl ahnéy are moved to central stock and
one to store the raw material used during prodactio
The central stock of the brewery is located in Beag Radotin.

2.2.2 Ostrava and Olomouc

There is one production facility in Ostrava withetlsame structure as the

production facilities in Prague. There is a primsigck located in Olomouc.

2.3 Logistic between the facilities

The block diagram (fig 2.2) shows the material flb&tween the brewery’s
facilities. Raw material is transported from thectlabeled as CS — central stock, where it
is stored, to the production facility and theresitstored in a stock labeled as RS — raw
material stock. Finished products, which are teraplyrstored in the stock labeled as PS —
product stock, are transported to the central stécm the central stock, products are
transported to stocks labeled as SS — secondacl. §tcom here, they are transported to
stores and their stocks labeled as C — customérs.sfores then send back returnable
containers, which are afterwards kept in the cémirasecondary stock, depending on

current and forecasted needs of the brewery.
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Fig 2.2: Material flow between facilities

2.4 Model objectives

The model resulting from this bachelor work is ectpd to cover only the primary
logistic between the facilities located in PragUéis does not include the Branik
production facility, because of it being closed dasoon.

After receiving feedback from Staropramen logistiqplanning department, the
model shall be revised and adjusted to cover tie#ds more precisely. This, along with
the optimization of the logistic processes, shallthe content of the follow-up diploma

work.



Chapter 3

Theoretical introduction

Theoretical information provided in this chapteresgpected to cover all areas
needed to construct the model. It is needed to khevbasics of system modeling and how

the real-world system can be represented usingnputer interface (Simulink).

3.1 State space equations of continuous lineaessst

State space description (fig. 3.1) represents yimamic behaviour of the relations
between the input quantities (vectaft) with dimensionr), output quantities (vectos(t)

with dimensiomm) and state quantities (vectaft) with dimensiom).

W |
x(t)

Fig. 3.1: State space description of dynamic system

State space description of a system can be genergiressed by a form of state
and output equation
x(t) =¢(t,r,x(r),u(r,t))
y(t)=g(tx(t),u(t))

whereg is a transfer function of a state, which expre$s®g the state(z) changes in time

(3.1)

1, by the action of control (input) signafv) on the intervab[(z,t), to statex(t) in timet, g

is the transformation of momentary sta(g, controlu(t) and timet to outputy(t).



Because of limitation only to continuous differ@htilynamic systems, it is possible
to express the trend of the state by a differeetjaiation

x(t) = (t, x(t),u(t)) (3.2)
When considering linear systems, the transfer fanap is linear with regard to
initial state and control and output functigns linear with regard to momentary value of
the state and control. Thus it is possible, in @seln base of the linear space, to express
them by using matrixes. Then the state space g¢iscrican be expressed by using state

equations

X(t)= A x(1) +B(D)u() 53
y(t)=C(t)x(t)+ Dt )ult)
whereA(t) is the matrix of the system with dimensiox n, B(t) is the control matrix with
dimensionn x r, C(t) is the output matrix with dimensian x n, D(t) is the output matrix
with dimensiormxr.
Generally, theA(t), B(t), C(t), D(t) are continuous-time functions. If considering

stationary systems, the state equations can bessqu as

x(t)= Ax(t)+ Buf)
y(t)=Cx(t)+ Duf(t)

where the matrixe8, B, C, D are constant [1].

D
u(t) (L) x(th ¥ yin)
—J» B | cC p

A

(3.4)

Fig. 3.2: Block diagram of continuous linear dynarsystem

3.2 Basic relations between systems

Let a dynamic system be a combination of two subsys. The dynamic
behaviours of these subsystems can be expressesirgy transfer function or state space

description.



Two multidimensional systen% andS, can be connected by using:

e parallel connection
* serial connection

+ feedback connection

Let S; be a system described by the following state égpust
Xy = A1X1+Blu1 (3.5)
yl = C1X1+ Dlul

whereu;(t) is the vector of input quantities with dimensiany;(t) is the vector of output

quantities with dimensiom, andx,(t) is the vector of state quantities with dimensign

The systens; is also described by transfer mat@x(s).

Let S, be a system described by the following state égpust
X, = AX, B, (3.6)
Y, = C,X,+Du,
whereuy(t) is the vector of input quantities with dimensionya(t) is the vector of output
quantities with dimensiom, andxx(t) is the vector of state quantities with dimensign

The systens; is also described by transfer mat@x(s).

Deduction of the transfer function descripti@(s) and of the state space description

X = Ax+ Bu (37)
y=Cx+ Du

of the systen®s can be done as it is shown in following sections.

3.2.1 Parallel connection of subsystems

Fig. 3.3: Parallel connection of subsystems



If the systemsS; andS; have to be connected with parallel connectionn tte
number of their inputs must be equal (dim= dim u,) and also the number of their

outputs must be equal (dim = dim y,). Following statements apply to the resulting

systemS
u=u, =u, (3.8)
y=v1ty,
The transfer matri%s(s) of the systen® can be expressed as
Y(s)=6(9u (9
Y (8)=Y2(9+Y2(9=G:(9U.( $+G.( .( =[Gy )36 )3u( )
or
G(s) =G, (s) +G,(s) (3.9)

Analogically, the transfer matriss(s) of systemS, which is created using parallel
connections between subsyste®s... S,, can be expressed as the sum of the transfer
matrixesGy(s) ... Gn(s) of the separate subsystems.

When deducting the state equations of the sysethe inputsu; andu; of the

separate subsystems are replaced with input

X.l :'A\lxl-l-Blul:'o\lxl-l-BiJ

| (3.10)
XZ = A2X2+ 82u2: A2X2+ B y
Then the equation 3.9 can be written, using maiobation, as
x,| [A, 0][x,] [B
Y=t Y4 Ztu (3.11)
; 0 X, B,
X2 —_— [—
[S—— A X B

The equation 3.10 is the state equation of theesySt The output equation of the system
S can be deducted analogicaly

yl :C1X1+ Dlulzclxl+ Dy

(3.12)
Y, =C,X,+Du,=C x,+Du
Output of the syster§ is equal to
Y=Y+, (3.13)
Then the output equation of the syst8man be written, using matrix notation, as
X
=le e 2|+ .19



The state equation (3.11) and output equation {3mdke the state description of the
systemS [1].

3.2.2 Serial connection of subsystems

g ——

Fig. 3.4: Serial connection of subsystems

In order to make a serial connection between stbsysS, and S,, the S;
subsystem’s number of outputs must be equal t&irseibsystem’s inputs (dityy = dim
u,). Following statement applies to the resultingeysS

Y1 =U;
u=u, (3.15)
Y=Y,
In accordance with statements 3.14, the transfarim&(s) of the systemScan be
expressed as
Y(s)=G(s)u (9
Y(s)=Y,(5) =G, (JU,(9=G,($Yi( $=Go( Jo( W)=  (3.16)
=G,(s)G,(9V (9

or
G(s)=G,(96G,(9 (3.17)

Analogically, the transfer matri&(s) of systemS, which is created using serial
connections between subsyste§is.. S,, can be expressed as the product of the transfer
matrixesGy(s) ... Gn(s) of the separate subsystems.

When deducting the state equations of the sys®erthe inputu; in the state
equation of subsystel®; is substituted with inputl, the inputu, in the state equation of
subsysteng; is substituted with the outpyt of the subsyster8; and inputu; is set equal
to inputu

X1=ALX1+ Bu,=Ax,+Byu (3.18)
X, = AX,+BlU,=AX,+B{CXx +Du)=Ax #B (Cx #+Dy)

10



Then the equation 3.17 can be written, using maiotation, as

el A Ol B (3.19)
: B,C, Al X, B.D,
H,—JXZ A x B

The equation 3.18 is the state equation of theesySt The output equation of the system
S can be deducted analogicaly
y,=C,x,+Du,=Cx,+Duy
y,=C,x,+Du,=Cx,+Dy,=C x,+D {CXx #Dy)= (3.20)
=D,Cx,+Cx,+D.Du
Output of the syster8 is equal to

y:y2:D201X1+C2X2+DPp (321)
Then the output equation of the syst8man be written, using matrix notation, as
X
M=[og, el 2 ]+{oo)e @22)
el

The state equation (3.18) and output equation {3m2dke the state description of the
systemS [1].

3.2.3 Feedback connection of subsystems

Fig. 3.5: Feedback connection of subsystems

In order to make a feedback connection betweenystémsS, and S, the S;
subsystem’s number of outputs must be equal t&irsibsystem’s inputs (dityy = dim
up) and thesS, subsystem’s number of outputs must be equal t&tlsebsystem’s number
of inputs (dimy, = dimuj).

Following statement applies to the resulting sysgm
u,=uty,

(3.23)
Y=Y, =4,

11



The deduction of the transfer mat@Xs) of the system is following

Y(s)=Y.(g)=G (QU (U BY(H=

9U(9-6.(4u, 9J=Gl u(pol (g
After applying algebraic modifications to equat®23, the equation changes to
)=[1+G,(s g] G,(3U(3 (3.25)
The final transfer matri%(s) for the systen® with negative feedback is
)=[1+G,( g] G,( (3.26)

For the systen$ with positive feedback, the final transfer matdgs) is

=[1-G,(96,(9] G,( 3 (3.27)
When deducting the state equations of the sySewth a negative feedback, the
first step is the deduction of the output equatiing the equation 3.22 and state
descriptions expressed by equations 3.5, 3.6 ahd 3.
y=y,=Cx,+Du,=Cx,#+D(u-y)=Cx +D(u-Cx ,-Duy )=

(3.28)
=C,x,+Du-DCx,-DDYy
After applying algebraic modifications to equat®27, the equation changes to
y=(1+D,D,)" (Cx,-D.Cx,+Dy) (3.29)

The output equation of the systéhwith negative feedback can be written, using matri

notation, as

[v]= [|+DD 'c, —(I+D1D2)_1D1(32}L)§1}+(I+D1D2)_1D1u (3.30)

c [S—— D
X

The state equation deduction is done likewise

X1:A1X1+Blu1:A1X1+B1(u_y2)=Af( +Bu-B (C Xx#+Duy ):
:A1x1+Blu—Bl(C2x2+D2y)=Alx1+By—BQ X;-BDy (3.31)

XZ :A2X2+BZUZZA2X2+BZy

By substitutingy in output equation 3.29 with state equations 336 state equation of the

systemS, using matrix notation, is following

12



X {Al—slm(wnpz)lcl —Blcz+epz(|+Dp;1r><;ﬂxl}+

. -1 -1
x,| L B(1+DD,) C, A,=B,(1+DD,) DL, |L*
—— ) X
X (3.32)

. B,-B,D,(1 +D,D,)" D, y
B,(1 +D,D,)" D,

B

For a system with positive feedback, we analogyagdit the following equation

Xl =[A1+81D2(| _DlDZ)_lcl B1C2+BP4| -DDP z)_ng i{xl]'_

X, B,(I -D,D,)"C, A,+By(I-DD,) DL, |L%
[S—— ) X
x (3.33)

LBt B,D,(I -D,D,)" D, y
B,(1-D,D,)" D,

B

The output equation of the systédwith positive feedback can be written, using nxatri

notation, as [1]

[y] :[(| -Dp,b,)"'C, (| —DlDz)*chz}Dl}(l -DD,) Dy (3.34)

3.3 Matlab Simulink description

Simulink is a platform for multidomain simulatiomé model-based design of
dynamic systems. It provides an interactive gragdheoivironment and a customizable set
of block libraries that allows accurately desigimudate, implement, and test control,
signal processing, communications, and other tiargiag systems.

Add-on products extend the Simulink environmenhwidols for specific modeling
and design tasks and for code generation, algotitfplementation, test, and verification.

Simulink is integrated with Matlab, providing immate access to an extensive
range of tools for algorithm development, data aimation, data analysis and access, and

numerical computation.

13



3.3.1 Step block

N

Fig 3.6: Symbol of step block

The Step block provides a step between two defenbavels at a specified time. If
the simulation time is less than the Step time patar value, the block's output is the
Initial value parameter value. For simulation tigreater than or equal to the Step time,
the output is the Final value parameter value.

The block's numeric parameters must be of the sdimensions after scalar
expansion. If the Interpret vector parameters Bsdption is off, the block outputs a signal
of the same dimensions and dimensionality as thanpaters. If the Interpret vector
parameters as 1-D option is on and the numeriawetexs are row or column vectors (i.e.,
single row or column 2-D arrays), the block outpaitgector (1-D array) signal; otherwise,

the block outputs a signal of the same dimensignahd dimension as the parameters [5].

3.3.2 Gain block

>

Fig. 3.7: Symbol of gain block

The Gain block multiplies the input by a constaalue (gain). The input and the
gain can each be a scalar, vector, or matrix.

The value of the gain is specified in the Gain pater. The Multiplication
parameter lets specify element-wise or matrix mlitiation. For matrix multiplication,

this parameter also lets indicate the order oflaéiplicands [5].

3.3.3 Integrator block

|~ b
H

Fig. 3.8: Symbol of integrator block

14



The Integrator block outputs the integral of itpuhat the current time step. The
following equation represents the output of thecklp as a function of its input and an

initial conditionyp, wherey andu are vector functions of the current simulationgim
t
y(t) :J'u(t)dr+ Yo (3.35)
)

Simulink can use a number of different numericagnation methods to compute
the Integrator block's output, each with advantagegsarticular applications. The Solver
pane of the Configuration parameters dialog bosvadlto select the technique best suited
to the application.

Simulink treats the Integrator block as a dynanygtem with one state, its output.
The Integrator block's input is the state's timevagive

x=y(t)
X0 = Yo (3.36)
X = u(t)

The currently selected solver computes the outpuhe Integrator block at the
current time step, using the current input valud te value of the state at the previous
time step. To support this computational model,ltttegrator block saves its output at the
current time step for use by the solver to compisteoutput at the next time step. The
block also provides the solver with an initial cdimh for use in computing the block’s
initial state at the beginning of a simulation rlihe default value of the initial condition is
0. The block's parameter dialog box allows to dyemother value for the initial condition
or create an initial value input port on the block.

To prevent the output from exceeding specifiablele select the Limit output
check box and enter the limits in the appropricaeameter fields. Doing so causes the
block to function as a limited integrator. When th&put reaches the limits, the integral

action is turned off to prevent integral wind up. [5

3.3.4 Sum block

L
%

Fig. 3.9: Symbol of sum block

15



The Sum block performs addition or subtractiontenrputs. This block can add or
subtract scalar, vector, or matrix inputs. It cesoaollapse the elements of a single input
vector.

The operations of the block are specified with litieof signs parameter. Plus (+),
minus (-), and spacer (]) characters indicate geeations to be performed on the inputs. A
spacer character creates extra space betweeropdite block's icon.

The Sum block first converts the input data typ&gshe output data type using the

specified rounding and overflow modes, and thefopes the specified operations [5].

3.3.5 Product block

b

oS ¥

Fig. 3.10: Symbol of product block

The Product block performs multiplication or diwasi of its inputs. This block
produces outputs using either element-wise or matriltiplication, depending on the
value of the Multiplication parameter. The opemasicare specified with the Number of
inputs parameter. Multiply(*) and divide(/) charexs indicate the operations to be

performed on the inputs [5].

3.3.6 Transport delay block

ARy

Fig. 3.11: Symbol of transport delay block

The Transport Delay block delays the input by acsjgel amount of time. It can be
used to simulate a time delay.

At the start of the simulation, the block outpuits tnitial output parameter until the
simulation time exceeds the Time delay parametbernmthe block begins generating the

delayed input. The Time delay parameter must beegetive.

16



When output is required at a time that does natespond to the times of the stored
input values, the block interpolates linearly bedwgoints. When the delay is smaller than
the step size, the block extrapolates from the tagput point, which can produce
inaccurate results. Because the block does not timeet feedthrough, it cannot use the

current input to calculate its output value [5].

3.3.7 Display block

[ 9]
Fig. 3.12: Symbol of display block

The Display block shows the value of its input tEnicon [5].

3.3.8 From and goto blocks

[2%

Fig. 3.13: Symbol of from block

The From block accepts a signal from a correspan@ioto block, then passes it as
output. The data type of the output is the samthaisof the input from the Goto block.
From and Goto blocks allow you to pass a sighamfrone block to another without
actually connecting them. To associate a Goto bleitk a From block, enter the Goto
block's tag in the Goto Tag parameter.

A From block can receive its signal from only onet&block, although a Goto

block can pass its signal to more than one Frorokblo

Fig. 3.14: Symbol of goto block

The Goto block passes its input to its correspanéirom blocks. The input can be
a real- or complex-valued signal or vector of aayadtype. From and Goto blocks allow

you to pass a signal from one block to anotherauttactually connecting them.

17



A Goto block can pass its input signal to more tbae From block, although a
From block can receive a signal from only one Gatxk. The input to that Goto block is
passed to the From blocks associated with it asigimothe blocks were physically

connected. Goto blocks and From blocks are matblgetie use of Goto tags, defined in

the Tag parameter [5].

18



Chapter 4

Construction of the model

The task of model construction can be, in this casdit into two areas.
Constructing control input models, which enablsd¢bthe desired values and pre-calculate
certain values used in actual model of the brewgelygistic processes. The other area

deals with construction of the logistic processes.

4.1 Control inputs

In this model, there are expected to be three tgpesntrol inputs:
* Production line operation switch
e Returnable container usage

e Truck loading and unloading

4.1.1 Production line operation switch

The automated production lines do not operatetiilé, they need to be stopped
due to production plans and maintenance. The bagttavsimulate it in this project, is to
have a signal source, whose output can be sefliimelon) or O (line off) at a chosen time.
This signal source can be simulated in Simulinkigigivo step blocks (section 3.3.1) and
a sum block (section 3.3.4). The idea of this sotuis to have two step-changing signals,
from which one changes its value to 1 in time lates starting time tand the other one

changes its value to 1 in time labeled as stoppmg —t.. This second signal is subtracted
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from the first one and this results in a rectangsignal which has value 1 (line on) during
the requested time period.

Step .’ __onfoff, andatf L 20t

— Line operation
Step status

al ]

Fig. 4.1: On/off signal simulation — a) detailedaef b) masked model

When the line operation status block parametersetr¢o value$s = 2 andte = 8,

which means 2, respectively 8 hours from the sththe simulation, the signal behaviour

is following:
i i i i i i i i i
| | | | | | | | |
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Fig. 4.2: On/off signal simulation

4.1.2 Returnable container usage

To ensure that returnable containers will be usely d it is requested by the
production planning department, a returnable caetaiusage control block must be
included in the model.

Returnable containers are transported to the ptamfutnes only when production

planning department is requesting it and if thecBga automated line is in operation.
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This leads to using a state control block descriipedection 4.1.1 with collaboration of
a product block (section 3.3.5) as it is shownigart 4.4.

wesfo S 2= )

Line using
returnable containers

Fig. 4.3: Returnable container request usage block

wesfno —————fe .
(1)
Line wsina Rate of Product “olume of
B returnable retur.nahle
containem o containers to
usage be subtracted
from rawematerial
stock

Fig. 4.4: Returnable container usage control block

4.1.3 Transport

Finished products and returnable containers (ramvaterial) are moved between
facilities with trucks.
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The logistic planning department specifies, how yné&wottles and barrels (or
returnable containers) are loaded and transpodeahother facility, so the model must
allow to set these values and also the starting bintruck loading operation. Statistically
was determined, that this operation takes 30 minttdbe completed. This time is labeled
as truck loading time F.

Then it is possible to determine the loading rate,which the products (or
returnable containers) are moved from the stockh&otruck. Mathematically, this rate
labeled afkr, can be expressed as

N
R; :f (4.1)
WhereN is the volume of the loaded cargo expressed itohges.

In Simulink, this process can be represented @ack loading (or unloading)
control block based on the exact same principléhastwo control blocks described in
previous two sections (4.1.1 and 4.1.2), which esinected with a gain using serial
connection. This gain expresses the loading rat.(As a result, this subsystem has its
output set to the loading (or unloading) rate uhidl truck is loaded (or unloaded). Then it

is set to 0.

yesino —>b—>
Ta cargo

Truck loading

Truck being rate
loaded

Fig. 4.6: Model of truck loading

The cargo space of the truck is represented bintagrator block (section 3.3.3).
Its output value is changing depending on the rat@ch is put through a sum block
(section 3.3.4). If the rate is positive, thenepresents loading and if it is negative, then it

represents unloading. Mathematically the loadedmel, labeled a§, can be expressed as
te
T =[Rd (4.2)
tS

wherets is the starting time of truck loading atds the stopping time of truck loading.
After atruck is loaded, it carries the cargo ke tspecified location. This is

represented by a transport delay. After it arriseshe specified location, the unloading

process starts. The cargo is unloaded at the sat@es it was loaded (4.2) and relevant

stock is filled at corresponding rate at the sammee.t Based on this fact the unloading
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processes’ rate and starting time can be deternfinedthe loading time and loading rate.
Only the transport delay value needs to be adddbetstarting time. Mathematically the
unloaded volume, labeled &g can be expressed as

te+Ty

T=[Ra (4.3)

ts+Ty

WhereTy is the transport delay between the specified ionat

&
Femuowe
loaded

from stock

3 :

Walume
Truck

on cargo
cargo

wes/no

Truck loading

Truck being rate
loaded

R
Transpart —

unloaded
Crelay

to stock

Fig. 4.7: General model of a truck

Cargo |

RTL }

RTU

Truck

Fig 4.8: Masked general model of a truck

The output RTL, which represents the loading odtdhe cargo, must be connected
with the relevant stock input, from which the carigotaken away. This way, it is
subtracted from the stock. Analogically, the RTUput, which represents the unloading
rate of the cargo, must be connected with the agiestock input, to which the cargo is
taken. This way, it is added to the stock. The qpie of adding and subtracting products
to and from stocks will be explained in the folloisections.

If it is needed to keep track of different produlctaded to the truck, the cargo area
must be split into sections. Number of these sestis equal to the number of products on

the truck. These sections are created by addingrdiog number of general truck models
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to the system. The loading time of the products lmarset to equal value, since the truck
leaves the facility only after the last productdaded. This modification is shown on the

following figures.

>3 )
Bottle loading
rate
fesino [+ 1
=<l s T
Trudk being |Trudk loading Truck cargo Bottles
loaded rate - hottles
Eé{ l--ﬁ

Bottle unloading

Distance rate

()
Barrel loading
rate

1
3 ] R S

Barrels

Truck loading

Truck cargo
rate

- barmels

&y >

Barrel unloading
rate

Distance

Fig. 4.9: General model of a truck with two cargetsons

Bottles
Barralz }
BLR }
ELR
BUR

EUR }

Truck with o
cargo sections

Fig. 4.10: Masked general model of a truck with t@ogo sections

There are 6 logistic processes that have to beidenesl in this model. These
processes are transport of finished products froodyxtion facility Prague — Smichov and
from secondary facilities to central stock Radotfansport of returnable containers from
central stock Radotin to production facility Pragu&michov and to secondary facilities,
transport of returnable containers from secondagjlifies to central stock Radotin and
transport of finished products from central sto@dBtin to secondary facilities. Therefore

there are 6 truck subsystems needed to completaddel.
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4.2 Production facility Prague — Smichov

As it was suggested in section 2.2.1, the prodondiility in Prague — Smichov

includes the following objects:

* Three automated production lines
* Final product stock

« Raw material stock

4.2.1 Automated production line

An automated production line used in the Staropratmewery is a mechanism,

which is programmed to constantly perform the fwlltg actions:

e Taking clean empty containers (bottles or barretsh a feeding machine
» Filling the containers with beer

» Closing the containers

* Labeling the containers

» Packing the containers

The empty containers can be either new bottlesigedvby a glass factory, or
returnable containers delivered to Prague — Smiftoow central stock located in Prague —
Radotin.

After the containers are packed, they are temggraroved to production stock,
where they are stored until they are transportexktdral stock in Prague — Radotin.

Since these actions are performed at a constamtgiaen by the parameters of the
automated line (table 4.1), and the goal of thiskwe to simulate logistic processes, it is
possible to look at the automated line as on ateardelay (section 3.3.6). This transfer
delay represents the time, which is needed foméaamer to go through the whole process
which was described above.
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Fig. 4.11: Picture of the automated line locateBlague — Smichov
Parameters of an automated production line are:

» State — turned on/off

* Maximum capacity — maximum amount of produced doeta per hour

» Efficiency — capacity at which the automated liseactually running, given as a
percentage from the maximum capacity

* Waste percentage — percentage from initial numbeontainers which can’'t be
considered as finished products despite passiogghrthe automated line.

 Transfer delay — time needed for a container totlgmugh the automated
production line

The values of these parameters are shown in table 4

Table 4.1: Parameters of the automated produdties |

Line number| Max. capacity C| Efficiency E Waste W | Transfer delay &
(type) [containers/hour] [%0] [%0] [hours]
1 (bottles) 24 000 60 0,1 1,5
2 (bottles) 24 000 70 0,1 0,5
3 (barrels) 300 90 0,1 0,5
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These parameters express how many containers thmatied line produces per time unit.
This rate, labeled & , can be expressed mathematically as

R = CE(l—l\NF)j (4.4)

In Simulink, this equation is represented as akednnection of three gains, whose values

are set tC, E, andl—ﬂ.
100

After connecting these gains with the transfer ylelssing serial connection, we get the
model of the automated production line.

Because the Staropramen brewery has requestedththatlues representing the
stock status shall be evaluated in hectolitreeatsiof the number of containers or pallets,
a conversion to this unit needs to be added. Shisesalue is the product of the number of
containers and their volume, a gain block can leel der conversion. Its value is set to the
volume value of the container. This block is themmected to the model of automated

production line using serial connection.

andoff production
ot Ry —ef>r -:»
shock

Max. capacity Efficiency iaste Transpaort Unit
Delay COnwersion

Fig 4.12: Model of an automated production line
The whole system of automated production linesrafonnecting it to the source of

controlling on/off signal (section 4.1.1) using iakrconnection is shown on following
figures.
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Fig. 4.13: Model of automated production lines tedan Prague — Smichov

Fig. 4.14: Masked model of automated productioaditocated in Prague — Smichov

RL1

RLZ I

ELY

Rl

Rl

Froduct
Frague -

4.2.2 Finished products stock

The Prague - Smichov finished product stock isddigli into two sections. One
stores bottle products that come off the produclioes 1 and 2 and the other one stores

barrel products that come off the production line The products are stored there

ion lines
Smichow

temporarily, until they are moved with truck to ethocations.
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Fig. 4.15: Finished products stock in Prague — 8onic

Since the rates at which the products come offitieeand at which they are loaded
to truck are constant, the volume of products stamethe first section of the stock, labeled

asSsg can be expressed mathematicaly as
teg teo tie
S = Sot | Rid+| R, b~ Ru (4.5)
tsl tSZ t!s

where Ssgp is the initial volume of bottle products on thect (expressed in hectolitres),
tg IS the starting time of line 1 operation (relativeur),ts, is the starting time of line 2
operation (relative hourjg is the ending time of line 1 operation (relativaib, te; is the
ending time of line 2 operation (relative houR); is the rate at which line 1 fills the stock
(hectolitres per hourR» is the rate at which line 2 fills the stock (hdittes per hour)ts
Is the starting time of truck loading operationdtee hour),t, is the ending time of truck
loading operation (relative hour) aR¥l is the rate at which the truck is loaded (heatedit
per hour).

In Simulink, the stock is represented by an integrdlock (section 3.3.3). Its
value, which represents the volume of the produstghanging depending on the rate,
which is calculated by a sum block (section 3.3which adds up all of the rates listed

above. The integrator and the sum block are coedesith a serial connection.
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Fig. 4.16: Model of finished bottle products stdtdlague — Smichov

Analogicaly, the volume of barrel products storedtihe second section of the stock,

labeled asssk can be expressed mathematicaly as

SSK = SSKO+'T< de_f R« d (4.6)

tts

whereSskpis the initial volume of barrel products on thecst (expressed in hectolitre$)

is the starting time of line 3 operation (relatikieur), tex is the ending time of line 3
operation (relative hourR_s is the rate at which line 3 fills the stock (heittes per hour),
tis is the starting time of truck loading operatioeldtive hour)te is the ending time of
truck loading operation (relative hour) aR¥k is the rate at which the truck is loaded

(hectolitres per hour).

Line 3 rate
k4
g < 4 R S|
s : >
~ Finished barrel Barrels- wvolume
Truck leading products stock in hl
rate Frague - Smichow

Fig. 4.17: Model of finished barrel products stdulague — Smichov
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| RL3

»|R5RE Barrels
HRSRE

Finished products
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Fig. 4.18: Masked model of finished products stBckgue — Smichov

4.2.3 Raw — material stock

Production lines 1 and 2 may use returnable coatsim the production process

described in section 4.2.1. For this purpose, tieeeeraw — material stock in the Prague —
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Smichov facility. Returnable containers, if needsm®, moved to the production line feeder
at the ratdRy which equals to the current production capacitshefline
R, =CE 4.7)

The model must allow setting a time period, dunmigich returnable containers
will be used by one of the production lines anthitst also provide the monitoring of the
raw — material stock balance. This includes subtrgcreturnable containers used by
production lines and adding new returnable contaidelivered from central stock Prague
— Radotin.

The principle of this stock is the same as desdribe section 4.2.2.

Mathematically, the raw — material stock baland®lad asssg can be expressed as

tre]. tre 2 TTre

SSR: SSRO_'[ I:</1(2t_ '[ R/2d+ '[ R’RU (4.8)

t t

rs1 rs2 trrs

whereSsgois the initial volume of returnable containersstack,t.s; is the starting time of
line 1 using returnable containers (relative hot),is the starting time of line 2 using
returnable containers (relative hout), is the stopping time of line 1 using returnable
containers (relative hourjse is the stopping time of line 2 using returnablentamers
(relative hour) tyrs is the starting time of truck unloading operat{oglative hour) ty is
the ending time of truck unloading operation (fiehour) anRrr is the rate at which the

truck is unloaded (hectolitres per hour).

o[
R

= 1
: D op Rau
RWZ2 R aw

R aw - material

stodk S[FTR
RTR

Fiaw - material stodk
ay b

Fig. 4.19: a) model of raw — material stock, b) kemsmodel of raw — material stock

4.3 Central stock Prague — Radotin

As it was suggested in section 2.2.1, the centoaksfacility in Prague — Radotin
includes the following objects:
e Final products stock

« Raw — material stock
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4.3.1 Final products stock

The Prague - Radotin finished product stock isddigiinto two sections. One stores
bottle products and the other one stores barredymts that are delivered to Prague —
Radotin from the brewery’s production facilitieso®ucts are stored there until they are
transported with truck to secondary stocks or qusts.

The volume of products stored in the first sectbithe stock, labeled &g can be

expressed mathematically as

toe t tce

te t
Ske = SRBO+j %RBd+I %RBd_I Reos™ (4.9)

tls tIOS t tcs

whereSgois the initial volume of bottle products on thedkt (expressed in hectolitres),

Is the starting time of unloading a truck arrivifgm production facility in Prague -
Smichov (relative hour)te is the time when unloading of the truck arrivingprh
production facility in Prague — Smichov is finish&drgis the rate at which the truck is
unloaded (hectolitres per hout)s is the starting time of unloading a truck arrivifigm
other production facility (relative hour}ee is the time when unloading of the truck
arriving from other production facility is finishe®org is the rate at which the truck is
unloaded (hectolitres per hour)s is the starting time of the truck transportingdurots to
secondary stocks loading operation (relative hdyg)is the ending time of truck loading
operation (relative hour) arfekog is the rate at which the truck is loaded (heatditper

hour).

1
LD
Bottles
Finished bottle

products stock
Frague - Radotin

RROB

Fig. 4.20: Model of finished bottle products stdttague — Radotin

The model of finished barrel products section camléscribed analogically

ttoe t tce

te
Se = S?KO+I %RKd+I Rk d_j Rox © (4.10)

tls tIOS t tcs

whereSzo is the initial volume of barrel products on thecst (expressed in hectolitres),
Is the starting time of unloading a truck arrivifgm production facility in Prague -

Smichov (relative hour)te is the time when unloading of the truck arrivingprh
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production facility in Prague — Smichov is finish&drk is the rate at which the truck is
unloaded (hectolitres per hout)s is the starting time of unloading a truck arrivifigm
other production facility (relative hour}e is the time when unloading of the truck
arriving from other production facility is finishe®ork is the rate at which the truck is
unloaded (hectolitres per hout)s is the starting time of the truck transportingdrots to
secondary stocks loading operation (relative hdug)is the ending time of truck loading

operation (relative hour) argkok is the rate at which the truck is loaded (heawditper

hour).
)
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Finished barrel
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FROK Frague - Radotin

Fig. 4.21: Model of finished barrel products stdulague — Radotin
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Fig. 4.22: Masked model of finished products stBchkgue — Radotin

4.3.2 Raw — material stock Prague — Radotin

The raw — material stock in Radotin stores retumatpntainers, which are
collected from customers. These containers aretthesported to the production facilities.
As stated earlier, this work deals only with primdogistic and collecting returnable
containers comes under secondary logistic, thexefiois part is represented only by a
subsystem, which ensures the correct adding antlastibg of the returnable containers,
depending on if they are brought to or taken framfacility.

Analogically to the raw — material stock located Rnague — Smichov (section
4.2.3), the volume of returnable containers labele@®xro Stored at this facility can be

described mathematically as
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tTROe t TRe t TROOe

SRR: SRRO+ J- F%Rvd_j R:zsvd_ J- I:gaovzd (4.11)

trros trrs t tro0s

whereSzrois the initial volume of returnable containersstock (expressed in hectolitres),
trrosiS the starting time of unloading the truck amiyifrom secondary facilities (relative
hour), ttroe IS the time when unloading of the truck arrivimgrh secondary facilities is
finished, Rory is the rate at which the truck is unloaded (hétceéd per hour)frgrsis the
starting time of loading a truck transporting retlsle containers to Prague — Smichov
facility (relative hour),ttre is the time when loading of the truck transportiegurnable
containers to Prague — Smichov facility is finishBgsyis the rate at which the truck is
loaded (hectolitres per houtyroosis the starting time of the truck transportingiratible
containers to secondary facilities loading operafrelative hour)ttrooeis the ending time
of truck loading operation (relative hour) aRgov is the rate at which the truck is loaded
(hectolitres per hour).

In Simulink, the mathematical description of rawmaterial stock in Prague —
Radotin can be represented as it is shown on tleevfog figures.
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Fig. 4.23: Model of raw — material stock in PraguRadotin
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Fig. 4.24: Masked model of raw — material stoclPrague — Radotin

4.3.3 Finalized model

After designing all subsystems, it is possible tmrect them with each other

respecting all the relations and facts that westedi in previous sections. To avoid
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confusing connections when using arrows, from aotd glocks were used (section 3.3.8).
The model is split into three figures, showing fxague — Smichov facility, Prague —

Radotin facility and transports between these acdradary facilities subsequently.
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Fig. 4.25: Finalized model of Prague — Smichowviitgci
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Fig. 4.26: Finalized model of Prague — Radotinlityci



RORE [

RORK {

Truck - finished products
fram secondany locations

:

RROB [H]

RROK ]

Trudk - finished products
to secondary locations

RORY [F]

:

Trudck - rave material
fram secondany locations
to Radotin

R4

i

Trudck - rave material
to secondany locations
fram Fadotin

Battla=

—»[ T

Bamel=

Bottle products
-wolume in hi

R5RE Smichow
RSRB Radotin

RSRK Radaotin

Truck - finished products
o central stock Radotin

Ret. cont.

R5RB Smichow —><E

p[ T

Barrel products
-wolume in hi

p[ O]

RER5Y Smichow

RR 5 Radatin

Truck - returnable containers

to production facility Smichow

[H]

i

Returnable containers
-walume in bl

Fig. 4.27: Finalized model of logistic processes
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Chapter 5

M odel verification

After completing the construction of the modelisineeded to verify it, in order to

find out if it is working as expected. This can d@ne by simulating all possible actions

and comparing them with expected results.

5.1 Inputs and requested actions

Parameter values used for simulation were chosenvimy to represent as many

different situations as possible. They are listethe following tables.

Table 5.1: Input values — production lines in Pegusmichov

Parameter/Line Line 1 Line 2 Line 3
Maximum capacity [containers/h] 24 000 24 00( 300
Efficiency [%] 60 70 90
Waste rate [%] 0,1 0,1 0,1
Container volume [l] 0,5 0,33 40
Transport delay [h] 15 0,5 0,5
Start time [h] 0,5 1 0
Stop time [h] 6,5 7 6
Returnable containers usage start time [h] 0,5 1 -
Returnable containers usage stop time [h] 6,5 5 -
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Table 5.2: Input values — stocks in Smichov

Parameter/stock Bottle products Barrel products Ramaterial
Initial volume [hl] 100 50 800
Table 5.3: Input values — stocks in Prague — Radoti
Parameter/stock Bottle products Barrel prodycts Ramaterial
Initial volume [hl] 8000 1000 2000
Table 5.4: Input values — transports between fesli
Parameter/route S-R R-SV R-0 R-0O0V O—-4R-RV
Start time [h] 4 2 5,5 6 5 3
Distance [h] 0,5 0,5 - - - -
Bottle products [hl] 100 - 60 - 80 -
Barrel products [hl] 20 - 60 - 40 -
Raw-material [hl] - 120 - 120 - 120

The route abbreviations mean the following:

* S —R: Smichov — Radotin finished products trartspor

* R - S V: Radotin — Smichov raw-material transport

* R - 0: Radotin — secondary facilities finished preid transport

« R -0 V: Radotin — secondary facilities raw-matdransport

* O - R: Secondary facilities — Radotin finished prctd transport

* O -RV: Secondary facilities — Radotin raw-matdransport

5.2 Expected results of the model verification

The expected results of the simulation, which weaéculated from the input

parameter values listed in section 5.1, are showtalile 5.5.

Table 5.5: Expected results of the simulation

Stock item / Stock location Prague — Smichov PragRadotin
Returnable containers [hl] 266 1 880
Bottle products [hl] 836 8 120
Barrel products [hl] 678 1 000
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5.3 Results of the model verification

After running the model, with simulation time set 10 hours, the results can be
recorded in a table (table 5.6).

Table 5.6: Results of the model verification

Stock item / Stock location Prague — Smichov PragRadotin
Returnable containers [hl] 266 1883
Bottle products [hl] 836 8 119
Barrel products [hl] 679 1 000

The table shows, that the model is accurate. Slditierences are caused by
different roundings of computer compared to the wmahrcomputing. Graphically, the

results were as shown on the following figures.
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Fig. 5.1: Finished bottle products on stock Pragiadotin
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Fig. 5.2: Finished barrel products on stock Prag&adotin
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Fig. 5.4: Finished bottle products on central stBckgue — Radotin
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Chapter 6

| ntroduction to optimization

As it was already mentioned, this work is expedtetle extended in the future, to
enable not only simulation of the logistic procesdaut also optimize them. At this time,
model predictive control appears as the best wagobee the optimization of the logistic

processes.

6.1 Optimization requests

The Staropramen brewery is a large corporation widny facilities, between
which there are large material and product flow$er&fore the logistic planning
department is constantly looking for tools, whiculd make their decisions more accurate
and faster, thus making the corporation runningemedfectively.

The model with built-in optimization controller éxpected to calculate the optimal
material and product transfers between the brewefacilities based on the values of
production amounts in order to use the stocks eargportation the most effectively.

More detailed description of the optimization resfgewill be provided by the

Staropramen brewery after the model is extendextalthe secondary logistic simulation.

6.2 Model predictive control

The basic idea of the model predictive control texdbgy is to find, based on the

current system state and a defined reference &cdhtrolled variable (system output) on
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a prediction horizon, an optimal control sequenéeth® system input (manipulated
variable) on the prediction horizon that minimizesoptimality criterion.

Then the optimal control sequence could be appidtie system on the prediction
horizon, but the problem is that the prediction elocn not ever be accurate, because
disturbances of the system can not be predicteel, lodel of the system is only
approximation of reality. Therefore only the firsiement of the found optimal control
sequence is applied to the system and at the me&tibstance the optimization problem
for new measured data is recalculated. This melbggas known as receding horizon

control and brings feedback loop behaviour [4].

@ time =t

Take process measurements

Process model = . .
Current & future Objectives
* (Control actions

« Distwrbances

Future process
outputs Constraints

Solve above optinuzation problem

)

Best current and future control actions

Implement best current control action

nme = freag

Fig. 6.1: Model predictive control scheme

44



Chapter 7

Final evaluation

This bachelor work’s goal was to create a modelesgnting the logistic processes
in the Staropramen brewery. The results of the ksitimn, as documented in chapter 5, are
corresponding with expected values.

Of course, not only the results are important. Kkeaaly mentioned, this work is
expected to be the base of another project, wisicdptimization of the brewery’s logistic
processes. This expectation had to be considereddt step of the model construction.
The main problems, which | came across with whenrkimg on this project, were
connected exactly with it. The final project handedtaropramen brewery is going to be
of great extent and it will use new evolving cortsgpnodel predictive control) with which
I lack experience. Therefore there is a possibilityt, after receiving the first feedback
from the brewery, some of the project areas willchtd be redesigned in order to cover the
needs of logistic — planning department more pedgisAlso the controller, which will be
designed in the following project, might need afedént structure in some areas. This
documents, how important the choice of structuppraach to the model was.

In more detail, the problems related with the usputs and their simulation. The
solution, which is explained in the chapter dealith model construction, is working
with many fixed parameters which in real — worldulkcb vary in time. For example
mechanic problems of trucks, traffic jams, problemth loading or unloading the cargo
could result in longer transporting time. This iardh to simulate, although there are
mathematical methods which can calculate the piibtyabf these unexpected situations.

But as this prediction is still not accurate, | miat expect the results to be much better as
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using fixed values, since the logistic problemsentorbe solved immediately and it is not
possible to predict them with that accuracy. If thsting phase will not show, that the
current solution is accurate enough, | can seeotfig solution of this problem as an
implementation of another user input, which woupskafy a logistic problem when it

happens (for example traffic jam, expected delagnis hour) and letting the optimization
controller recalculate the new conditions and saggesolution.

Later, the logistic — planning department might tvam keep track also of
information, where is a specific product locatedtisTfeature could be added by dividing
the stocks into more sections and specifying tlistisn as the destination where the
product is supposed to be stored. Also a slightstnljg of the production lines would be
needed, in order to have the products divided filmenbeginning of the process. The basic
principle of the model stays the same even aftimgathese changes.

| believe that the rest of the model is representire reality very accurately and
provides a good starting ground for the followingjpct which consists of adding the
secondary logistic processes and an optimizatiotraiter to the model.

For the follow — up work, | have listed all the pfems which | came across during
the model construction and their solution in thpeamix. This might serve as a reference

and debugging aid.
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Appendix A

List of problems and issues solved or in need tedbeed:

Automatic switching of the lines — currently, wheerforming maintenance or
when the automated line is being prepared for dymbchange, it has to be defined
manually. The main problem with this is, that thee delay does not have to be
constant. Possible solution is to have an additionaut, where user could define
the time delay.

Defining the state of the lines — currently, theeb are being controlled (on/off) by
a rectangular signal with requested length. Afesting it in real world simulations,
it needs to be considered if this is the best sniut

Truck loading and offloading — currently, all loadiand unloading actions are set
to an equal time, because the possible time diftese are expected to be so small,
that they will not affect the simulation. If thesteng shows, that this idea is wrong,
it must be corrected. Possible solution is suggesténal conclusion.

Truck transports — currently, all transport rouses represented by one truck, but
there are more trucks moving between the facilitiedoes not effect the principle
of the model, but at this state, it is redundanirtplement more truck subsystems
to the model. In the final model all the trucks s implemented, in order to see
the movement of each truck.

Units — currently, products are measured in hetledsli After testing phase, it needs
to be reconsidered if also units in pallets musadded.

Stocks — currently, only number of products on lssos monitored. In the future,
their distribution at the facility might be alsorsidered.
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Appendix B

Content of the attached CD:
+ Bachelor work

* Matlab Simulink model of the logistic processesha brewery
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