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OPTIMISATION OF MILKRUN ROUTES
IN MANUFACTURING SYSTEMS
IN THE AUTOMOTIVE INDUSTRY

Abstract. The in-plant supply has a great impact on the performance of manufacturing operation,
because the manufacturing-related logistics operations influence the efficiency of manufacturing. There
are different solutions to perform in-plant supply, in the automotive industry the milkrun and water
spider solutions are widely used. Within the frame of this article the authors describe the optimization
of milkrun routes in the manufacturing plant of an automotive supplier. The described methodology
simplifies the problem for single- and multi-milkrun problems and the solution is demonstrated with an
Excel Solver-based methodology. The optimization process and its practicability will be demonstrated
through an example.
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1. INTRODUCTION

The permanently increased demands of customers are significantly changing
the role and operation of the automotive industry. Already since the second half of
the 20th century, the flexibility of automotive processes and the minimisation of
these processes over time become more and more important. In the logistics
systems of automotive suppliers, long lead times are linked to production logistics
processes, and all companies are therefore trying to find suitable solutions and
reduce the lead time of production logistics. Milkrun solutions can be considered
as suitable solutions of this problem of automotive industry. Milkrun is a system
for the replenishment of raw materials at specific time, in varying quantities but, as
a matter of principle, in similar sizes. In fact, it means the scheduled delivery and
replenishment of raw materials and components used in production The advantage
of milkrun systems is that the trolleys used to implement them can be flexibly
extended and, in addition to the supply of raw materials, they can also transport the
waste and scrap generated in production, i.e. a raw material cycle can be
established [1-3]. In this paper, the authors present an optimization algorithm that
is suitable for the design of complex milkrun-based material supply systems in
industrial environments. In this paper, a solution method is presented using a
practical example of an automotive supplier, which uses the capabilities of Excel
Solver for batch execution to determine the optimal design of a large-scale in-plant
supply chain for a milkrun system.
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2. LITERATURE REVIEW

The literature on the design of milkrun-based material supply systems has
expanded over the last decade, due to the increasing application of these solutions
in industry, especially in mechatronics assembly and automotive supplier
environments [4]. Since the aim of this paper is to present a methodology for the
design of milkrun-based material supply systems, in this literature review we
briefly review the main sources that provide a survey of the design methods and
the main algorithms used in the design. It can be clearly stated that the design of
milkrun-based material supply systems can be implemented using essentially
heuristic algorithms due to their complexity. An optimization method based on a
genetic algorithm is presented using the example of an automotive supplier to
illustrate the solution of an NP-hard mixed integer programming problem [5]. A
hybrid metaheuristic solution based on a harmony search and simulated annealing
forms the basis of the algorithm discussed in [6]. This approach is used to show an
example of supply chain optimization involving an off-site milkrun material supply
system and a crossdocking facility. An example of the application of the C-W
saving algorithm can be found in source [7], where a design method that minimizes
the path length of the runs and the operating cost is described. The applicability of
the ant colony algorithm is illustrated in [8] through an example of a dynamic
optimization problem. In the example presented, minimizing the required time of
material supply tasks is included as a main objective function component. A two-
phase metaheuristic algorithm based on greedy and tabu search is used as the basis
for the design method presented in [9], which aims at selecting optimal vehicles in
high density milkrun material supply systems. An example of the application of
evolutionary strategies is presented in [10]. The uniqueness of the presented
example lies in the fact that the design of the milkrun material supply system
integrates the inverse processes of the packaging materials, which is an integral
part of both the in-plant and the external milkrun processes [12]. Of course, in
addition to heuristic solutions, a number of simulation-based applications can also
greatly support the design of milkrun systems [13-16]. Following this brief
literature review, the paper presents the optimisation problem. Then, the
optimization of the milkrun path for one or more milkrun-routes is described.

3. THE OPTIMISATION PROBLEM

The optimisation algorithm was created in Excel using the Excel Solver
extension and the VBA (Visual Basic Application) development environment.
Within the frame of this article both the algorithm and a numerical example is
described. The parameters of the numerical example are the followings:

+ 26 production lines (marked with “A” on the layout),

+ 18 junctions (marked with “I” on the layout),
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+ the departure and arrival locations of the warehouse (marked with “WH”
on the layout),

» the straight sections connecting these production lines, junctions and
warehouse points.

In this scenario, the algorithm considers the size and capacity of the
production lines to be the same. The length of the sections is a ratio without units
of measure. The transportation time required per unit section is 3 seconds, and the
time required for material handling (loading and unloading) at each production line
is 10 seconds.
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Figure 1 — Layout of the production plant

The main objective function of the optimization is the minimization of
required time for the milkrun routes, while this optimised route satisfies the
conditions necessary to perform the material handling tasks:

e The time required to travel the generated routes must not exceed the
predefined upper time limit of the milkrun system. The predefined time limits may
depend on the human resource (e.g. lunch break, end of working hours) or on
technical or logistics resources (e.g. low battery). In the present numerical
example, the predefined upper limit of the milkrun system is 500 seconds. In case
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the time required for the route exceeds the predefined time limit, the number of
milkrun routes has to be increased and the optimisation has to be performed again.
e The number of milkrun routes can only be increased until the required
quantity of logistics resources (milkrun trolley) does not exceed the available
number of milkrun trolleys. In the case where all available trolleys have been used
but our time constraint condition is not met, the task is unsolvable because of time-
and capacity-related constraints.
To determine a path minimized as a function of time, the extreme value of the
single-variable function must be determined, i.e., after derivation, the value of the
derived function is 0.

fr=0 @)

There is a direct proportionality between the value of time and the value of
distance (1 path unit — 3 s), so the time-dependent function and the distance-
dependent function differ only in constant. Since the derivative of the constant is O,
it is sufficient to optimize the path by distance to minimize the time.

ft)=g(s)=cand f'(t) = g'(s) )

Hence, the optimization method works with distance values, only converting
the disctane values to time values at the end of the optimisation process.

4. SINGLE-MILKRUN OPTIMISATION

When optimising for a single route, our most important constraints are the
followings: (1) the initial location and the final location of each milkrun routes is
the warehouse, (2) the required materials are delivered or dropped out at the
different production lines exactly once. The first step is to convert the identifiers of
the production lines and the warehouse point into numbered identifiers. This is
necessary because the Solver extension can only optimize with numeric conditions,
not with other identification conditions. The conversion is outlined in Table 1.

Table 1 — Examples for the identification of production lines

ID of production line WH Al A2 A3 A4 A5
No. ID of production 0 1 2 3 4 5
line

After the identifiers have been converted, all possible paths connecting two
production lines (or a production line and a storage point) should be entered in the
Excel spreadsheet. An identifier must also be assigned to these sections, because
the optimisation of the milkrun routes is based on the transformation of these
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sections. The identifier of the stages is the identifier of the outbound production
line and the identifier of the inbound production line, linked by a hyphen. It is
important to note that this is a directed graph, so both endpoints of an edge can be
head or tail, so each edge must be taken into consideration twice.

Once the data and conditions for the optimisation have been defined, the
actual optimisation is carried out.
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Figure 2 — Results of a single-milkrun optimisation

In the Solver interface, the following parameters are required for the
optimisation:

¢ Value of the objective function: the cell in which the lengths of the given
edges are summed.

e Objective: Minimization.

e Variables: The cells that can be varied to achieve the optimal result. In the
present case, these variables are the numerical identifiers of production lines,
because by changing them we can minimize the length of the route.

e Constraints: Specification of the conditions is necessary to perform the
optimisation task. In out numerical example the following conditions are taken into
consideration:
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e The value of the cells defining the numerical identifiers of production
lines is between 0 and 27.

e The required materials are delivered or dropped out at the different
production lines exactly once, so each cell must have a different value
(permutation representation).

e Solution method: Evolutionary.

Using the evolutionary solution method, the Solver finds the optimal solution
of the milkrun routing problem within the frame of n phases. In the first phase, it
selects the optimal solution from a random set of input values (locale optimum).
From this selected set of solutions, in a second phase, it generates new solution sets
and selects the optimal value. This algorithm is repeated until the solver cannot
refine the solution within a given time parameter (iterative methodology). After all
parameters are specified, the Solver outputs the result shown in Figure 2 as the
optimal milkrun route. The most important parameters of the optimal route are the
followings: length of the route is 141.9 distance unit, required time is 425.7
seconds, idle time is 260 seconds and total required time is 685.7 seconds. The
total required time exceeds the predefined upper time limit, so the optimisation
process must be extended with more milkrun trolleys.

5. MULTI-MILKRUN OPTIMISATION

Definition of the shortest path

Due to the fact that the result of the optimization for one milkrun route does
not meet the predefined milkrun time constraint, the optimization must be
performed for two milkrun routes. The first step is to determine the shortest route
from the warehouse to each production line. This also requires the use of the Excel
Solver extension, but determining the shortest paths to 26 production lines
manually would take a lot of time, so VBA is used for batch optimization so that
all the shortest paths can be determined in one step.

The optimisation requires a table of all possible routing paths. In contrary to
the previous minimisation, in this phase not the edges between two production
lines but the edges between the production line and the junction are taken into
consideration. For each routing section, we assign its distance and a binary
number. This binary number indicates whether or not the section is part of the
desired shortest route. The length of the shortest route can be determined from this
information multiplying the two numerical values of each route segment. Those
sections that are not included in the route are eliminated by multiplying by 0. This
value is minimized by the Solver. The minimization is done by varying the binary
values of the route sections while constraints are taken into consideration. To
specify the constraints, it is necessary to define a new table in which the starting
point, the junctions and the production lines are listed. The constraint of the
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optimisation problem is that the initial location (the tail of the edge) is set to 1, the
arrival point (the head of the edge) is set to -1, and all other production lines and
junctions are set to 0.

The value of the points is given by the fact that each departure gives a value
of 1 and each arrival a value of -1. The production lines or junctions, through
which the route passes are both tail and head of the edges in the graph, so they sum
is 0, as do the production lines or junctions through which the route does not pass.
We should always give a -1 value to the production line where we want the route to
arrive. After setting all the parameters of the Solver, the batch optimisation can be
performed.

Definition of production line pairs

In the next step, we use the shortest paths to form pairs of production lines,
which are considered as one production line, thus reducing the number of
production lines to be taken into consideration.

The pairs of production lines are formed based on the common edges. The
production lines that have significant number of common edges are put into a
production line pair. This analysis is made for each potential production line pairs.

The common edges can be defined using the the binary values, if the shortest
route to both production lines for a given route section is 1, then there is a common
edge. Such matches are counted, added together and the total number of possible
common edges for all possible pairs of production lines is obtained. However, the
finding of a production line pair depends not only on the number of common
edges, but also on the distance between the shortest routers to the two production
lines. This is necessary because common edges far away from the warehouse have
a significantly higher number of common edges than those close to the warehouse,
so that taking the distance into account, a much more realistic value is obtained by
using it as a ratio.

e WorksheetFunction.CountIf (Range (Cells(3, j + 30 + 30 * x), Cells(190, j + 30 + 30 * x)), 1)
- stringl & "-" & string2

Figure 3 — Algorithm to analyse the identity of edges
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Definition of production line groups

The next step of the optimization is to use the ratio defined in the previous
section to determine the two groups of production line pairs for which the milkrun
routes will be optimized separately. Starting with the highest ratio, the common
edges are connected in descending order until two large groups of lines are formed.

6. RESULTS

Once we have the two groups of production lines for which we want to
optimize the routes, we perform the minimization. The settings of the Solver are
exactly the same as for the optimization for one milkrun route. The most important
parameters of the optimal route are the followings: length of the routes are 95.1
and 117.4 distance unit, required time is 285.3 and 352.2 seconds, idle time is 140
and 120 seconds and total required time is 425.3 and 472.2 seconds.

The results obtained meet the predefined time-related constraints for the
Milkrun trolleys and the times required to cover the route are almost the same, so
the optimisation is considered complete. In case the obtained time results do not
meet the constraints, the method described for the optimization of multiple milkrun
trolleys should be repeated by increasing the number of milkrun trolleys.
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Figure 4 — The optimised milkrun routes in the manufacturing plant
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7. SUMMARY

Today, the automotive industry is increasingly influenced by customers’ demands.
Lead time is a significant part of the processes performing manufacturing. In an
automotive supplier's production logistics system, there are many methods to achieve a
flexible and well-functioning material flow. One such system is the milkrun system,
which implements material flow by creating route among manufacturing objects. The
topic of this paper was the optimization of Milkrun systems, where we have presented a
methodology to optimize single or multiple milkrun paths. The process has been
illustrated through a numerical example. Potential future research direction is the
application the mentioned milkrun optimisation method for transportation problems,
especially in the case of first-mile problems regarding intermediate storage networks
[17], and it is also possible to take the potential of Industry 4.0 technologies [18] for the
real-time routing into consideration.
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Anam @panny3, Tamam bauesi, Mimkonsi, YropmuHa

ONITUMIBALIIA MAPIIPYTIB MILKRUN Y BUPOBHUYIUX
CUCTEMAX ABTOMOBLIbHOI TIPOMHMCJIOBOCTI

AHoTauis. BHympiwHb03a600CcbKi NOCMAKU MAOMb eIUKULL BNIUE HA NPOOYKMUBHICIG 8UPOOHUYUX
onepayitl, OCKiIbKU 102iCmMuyHi onepayii, wo nog'sa3ami 3 6UpoOHUYMBEOM GNAUBAIONL HA eeKMUBHICb
supobHuymea. Icnyroms pisHi piwenHs 051 6HymMPIUHLO3A800CbKO20 NOCMAYanHs. B asmomobineHuiil
NPOMUCTOBOCTI WUPOKO BUKOpucmosgyromocs piuwtenns Milkrun ma Water Spider. B pamkax yiei
cmammi  agmopu  onucyioms onmumizayito mapwpymie Milkrun na 3a600i nocmavanvnuxa
agmomobinis. Onucana memooono2isa cnpouye 3a80aHHs 0ns 3a0ay 3 00HUM i Oekinokoma Milkrun, i
piwenHa demoncmpyemocs memooonoeiero Ha ocHosi Excel Solver. Ilpoyec onmumisayii ma iio2o
30IUCHeNHICMb NPOOeMOHCIPo6ano na npuxiadi. Konu mu maecmo 06i epynu eupobnuyux ninii, 01
AKUX MU XOYEMO ONMUMIZY6amu Mapuwipymu, Mu BUKOHyeMO Minimisayito. Hanawmyeanns
«pose’azyeaya» maki cami, AK i Ona onmumizayii 0as 00Hozo mapwpymy Milkrun. Hatibinew
BAVCTUGUMU NAPAMEMPAMU ONIMUMATLHO20 MAPWPYMY € HACMYNHI. npomadxicnicms mapupymie 95,1
ma 117,4 odunuyi éiocmani, neobxionui uac 285,3 ma 352,2 cexynou, uac npocmoio 140 ma 120
CeKYHO ma 3a2aibHull HeoOxioHul yac 425,3 ma 472,2 cexynou. Ompumani pe3yibmamu 8i0nosioaoms
BUBHAYEHUM MUMYACOSUM 0OMedicensim 0as 6izkie Milkrun, a uac, neobxionuii ona npoxoodxcenns
Mapuipymy, RPAKMuyHo 0OHAKOBUL, MOMY ONMUMISAYIA B6ANCAEMbCI 3A6EPUIEHOI0. Y BUNAOKY, SAKWO
OmpUMaHi Yacogi pesyibmamu He 8i0N0GI0AOMb 0OMENCEHHAM, CI0 NOBMOPUMU Memood, ONUCAHULL
Ons onmumizayii’ Kinekox sizkie onsi Milkrun, 36inbwuswu kinokicms gizkie ons Milkrun. ITomenyiinum
MatioymHiM HANPAMKOM OOCHIONHCEHb € 3ACMOCYB8AHHS 32A0aH020 Memody onmumizayii Milkrun npo6izy
0I5l MPAHCNOPMHUX 3a60aHb, 0COOIUBO Y pA3i Npobiem Nepuwioi Muii wooo Mepexc NPOMIHCHOZO
30epieants, a MaKodC MOJICIUSE GUKOPUCMANHS nomenyiany mexnonoeii Inoycmpii 4.0 ons eupiwenns
MPAHCROPMHUX 3A60AHb. BPAXOBYEAMU MAPWPYMUZAYIIO Y PeaTbHOMY HAC.

Kurouosi ciioBa: Milkrun, onmumisayis,; nocicmuynuil npoyec; agmomooiibHa RPOMUCTOBICTb.
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