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Abstract

An organization dedicated to logistics service as a supplier to the automotive sector. It is essential to implement
strategies focused on cost reduction considering the needs of the industry. To identify the main areas of opportunity
within the warehouse and to be able to propose an improvement that allows reducing costs and unnecessary
movements in daily operations, an audit will be carried out, which is allow an analysis of all the areas involved. This
article proposes an improvement in the operations of a warehouse belonging to the automotive sector. An audit was
used to identify areas of opportunity within the warehouse. The audit results showed that the picking area is 74%
effective due to the downtime generated on tour when supplying an order. Therefore, the implementation of the Dual
Cycle Allocation Method is presented to improve performance and reduce costs through the optimization of travel
distances. The implementation of KPIs is proposed to measure and control the procedures related to picking.
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1. Introduction

This document presents the work carried out in an organization dedicated to logistics service as a supplier to the
automotive sector. It is essential to implement strategies focused on cost reduction considering the needs of the
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industry. "We must bear in mind that the space occupied in the warehouse is costly since, in the end, all the cost of
the physical infrastructure plus the cost of the warehouse processes revert to the value of the products housed; hence,
the calculation of the space required to store a certain level of stocks throughout the year constitutes one of the most
important strategic planning tasks in the management of warehouse logistics" (Anaya 2011).

Warehouses regulate the flow of structured and planned stocks to carry out storage functions, such as reception,
custody, conservation, control, and dispatch of goods and products. The main functions and activities carried out in
the warehouse are: Reception of goods consists of giving entry to the items sent by the suppliers. During the
reception process, it is checked that the merchandise received matches the information contained in the delivery note
or delivery note. It is also observed that the characteristics, quantity, quality, etc., correspond to the order.

Storage: it is to locate the merchandise in the most suitable area of the warehouse, to be able to access it and find it
easily.

Conservation and maintenance: it consists of keeping the merchandise in perfect condition while it is stored. The
custody of the goods also includes applying the current legislation on safety and hygiene in the warchouse and
special rules on care and maintenance of each type of product. Stock management and control consist of calculating
the quantity that we must store of each product and the quantity requested in each order to generate the minimum
storage cost.

Shipment of goods: "begins when the customer's order is received, and the process consists of selecting the goods
and packaging to be chosen as a means of transport" (Escudero et al. 2015).Picking order: number of pickers
working on a single charge in a given time. Lines per picker: number of orders for a single material, when picked
only once. Orders by change: frequency of order during a change (Wheeler 2014).

Picking: The term picking is used in logistics to designate the strategic task of order picking (Serrano 2014). It
consists of collecting units of one or more products stored in different locations intended to be part of the same order.
From a similar point, it must be visualized and control each aspect that covers this activity. According to (Mc Farlane
2016) when analyzing the operations of the warehouse, it is essential to analyze and control the level of customer
service, which is varied, and in addition to this have a cost associated with delivery on time—favoring the
relationship between cost and demand by offering an increasingly efficient lead time, which is usually thought to be
a straight line, but rather an exponential line. "So, increasing 10% in service can mean a cost of between 15% and up
to 50% in your costs" (Emmett 2014).

To identify the main areas of opportunity within the warehouse and to be able to propose an improvement that allows
reducing costs and unnecessary movements in daily operations, an audit will be carried out, which will allow an
analysis of all the areas involved. This audit will be carried out from the general to the specific, thus identifying a
continuous improvement in the selected location. The audit will allow first-hand the identification of all those
difficulties presented by the warehouse.

It is essential to mention that the problems detected will be sought to reduce possible incidents for the organization.
It puts pressure on the warehouse's picking/packing and direct shipping operations, as well as transportation
operations. This work proposes an improvement that responds to the market requirements and offers a competitive
advantage for the company.

2. Literature Review

A warehouse can be defined as a "planned space for storing and handling goods and materials" and not defined as "a
place where buyers keep their mistakes." An observation by a major retail company in the early 1990s states that
storage is often more critical. Exceptionally, depending on the demand operations, the effective and efficient use of
both time and warehouse operations. Therefore, the emphasis should be on planning all warehouse activities,
including receiving, storing, assembling, equipping, selecting, and shipping customers/users and orders (Lu et al.
2014).

The main problem is picking in the warehouse; it is when an order does not correctly manage the control and
handling of parts in the system with which it mentions (Gong and Koster, 2008) must comply with 80% reliability in
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grouped deliveries, in the form of a list. The preparer then travels along the aisles with a collection device (e.g., a
pickup-cart or forklift) and can pass to designated locations in an orderly and controlled manner.

Several investigations are carried out in the storage processes within the supply chain related to storage and retrieval
operations of goods. Also, it considers the design of the layout in transversal form and fishbone. Using a dual
programming model to minimize distances traveled in dual cycles helps supply chain managers choose the best
layout design in a warehouse (Emmett 2011).

Similar work has been done, such as the one developed by Dukic et al. (2007), to determine accurate algorithms in
heuristic combinations. This logarithm allows a dual allocation method that considers the warehouse's capacity when
using administrative planning can be obtained as a result in a general way. On the other hand, formulas and research
determine the time of picking items from different warehouses. Kunder and Gadehus (1975) have developed
equations for random storage with routing methods in the heuristics and the dual allocation model, with faster and
more flexible means of order preparation. Another similar case is Koster and Van Der Poort (1998), with
decentralized warehouses using simulations and dual cycle modeling formulas. They showed that they could give
more than 25% of the time difference correctly planning and delivering on the established orders.

The different levels of storage that, for supply reasons, it has been investigated that the dual cycle allocation model
supplies with the studies carried out on the dual cycle allocation model, the costs can be had up to a 55% reduction,
according to Manzini et al. (2015) . In the dual assignment, GAP is used as an integer programming, where its
purpose is to find the optimal allocation of a series of tasks or a set of resources with limited capacity (Sesma
Gutiérrez, 2019).

One of the main works is in the application of the GAP, where programming problems are developed under the
planning of all available resources; an example of this is the one shown with the assignment of work with non-
preventive restrictions of resources Salazar Lopez (2015). It seeks to find the optimal allocation of a set of jobs to
minimize the average flow time or maximize the equity in the assigned work and the use in Di vita's processing time

(Salazar Lopez and Asignacion. 2016).

Therefore, the objective of this work is to generate a proposal to improve the picking area, using the dual cycle
model and KPIs that allow reducing logistics costs related to the operation of the warehouse, optimization by
creating dual protocols increase the level of customer service

3. Problem Description

3.1 Characteristics and current state of the warehouse

The warehouse is part of an organization dedicated to the logistics service of the automotive sector, and the company
is conventional. It is characterized by being equipped with shelves and simple means for internal transport. This type
of warehouse has double shelving, rollers, and the entire warchouse is closed. It does not handle bands or rollers
other than in re-packaging shelves. It also manages a vacuum warehouse for containers. The customer operates this
warehouse as a challenge to managing costs by some boxes since the maximum amount in the collection journey is
ten boxes. However, collecting greater box capacity would represent a sequence of manufacturing steps proposing
greater profitability in the business (New Castle Systems, 2020).

The collection area is an area that is divided into two types of storage; the rack has an elevation that allows a division
of two levels that determine the kind of storage. Level two is the warehouse in which pallets can be stored at a high
level, and from there, they can go down to a collection of the same platform. It is called the explosion of the
materials, where level one is located, where the materials can be taken, or have a scope with the pickers. The
products can be extracted unitarily from a box or in complete boxes of a container to do this.

The storage, handling, and movement of goods are carried out manually or using conventional forklifts or reach.
These warehouses have a maximum height of 10 meters, and it is necessary to leave more width in the maneuvering
aisles for handling loads. As the placement of the goods depends on the means used, a block-stacking is carried out
that usually does not exceed three heights, and the storage capacity is low.

In the plant, there are other warehouses in which materials are supplied. These types of movements are external and
carried out by internal transport, which are materials of foreign origin and are used by some particular action or as an
urgent movement. It is transported utilizing a truck with a curtain or trailer if the material requires it and having
forklifts specialized in plant tours.
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If so, there is also a heliport in the plant managed by the client where the supplier transports particular parts that are
long distances. The temperature to be worked in the warehouse is in an approximate range of 20 to 25 degrees. And
extreme temperatures are not handled since the material that is dealt with is composed of automotive parts, as well as
the personnel who work in a temperature-controlled warehouse must have a rest area and go out to that area at least
ten minutes after each hour to avoid the constant cold or extreme heat. You should also rotate your functions within
the warehouse area so that they keep them in continuous motion. Staff must have the appropriate clothing and
equipment to work at low temperatures, even if they do not present themselves in this warehouse-type.

Within the internal processes in the warehouse, Inbound & Outbound, there are different types of areas of unloading
and loading of materials such as Receipt or Internal Transport (Ballu, 2018). These areas are intimately linked to the
design of the springs that constitute one of the essential elements for the proper installation functioning. Keep in mind
that springs often represent one of the limiting elements of the operational capacity of the warehouse, so it is advisable
to design them with sufficient slack and flexibility to avoid queue situations in the process. The first level is the one
that is placed on a level 0 of the shelf, allowing the logistics operator to take the material requested by the system,
optimizing the search for the material to be picked. The layout of the warehouse to work is appended (Figure 1).
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Figure 1. Top view of the layout

This type of layout is beneficial for the reception of goods, and it allows guaranteeing that the entry of goods is
correct and efficient and thus meets the needs of the warehouse, both internal and external.

4. Description of the Picking Problem

The audit results and the analysis of the indicators show that the picking area is the one that has presented various
areas of opportunity. This area of opportunity is given because the picking area works under the rigorous standards of
the client. They must be attended to and solved when a problem arises, both operational or in the system. These
problems are continually due to damaged materials, lack of labels, materials mixed with other materials in one
location, and delays in the delivery of orders. Among the limitations that may arise for picking and that can affect the
performance of this area is the increase in orders of reduced volume, which imply a greater variety of products and
demand a more personalized work—the labor intensity of picking operations that have a direct impact on profit
margins (Anaya-Tejero, 2007).

The main problem is the decrease in productivity in terms of the number of boxes delivered per shift. Since the
number of boxes that fit inside a platform is 10, this does not allow excessive transfer of other materials. Having to
wait in the distribution line when a cycle of assembly or delivery to work falls, supply time is increasingly slow. An
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intervention is required to increase the productivity of the area. It seeks to optimize the distance traveled in picking
operations and thereby reduce delivery time, directly related to the number of boxes delivered; by optimizing travel
distances, a favorable result is expected to increase productivity.

Another main problem to mention is the lack of indicators that correctly visualize the type or point to work on
production and quality. However, when reviewing in the picking area, you do not have any indicator or measurement
that can support the research; often, these indicators always provide the level and know what is failing within the area.

5. Methodology

This document is a case study, and the methodology for the realization is based on a series of steps that are described
below 1) An audit is carried out to know the areas of opportunity in the warehouse operations; 2) Areas of opportunity
are detected; 3) The application of methods and tools that allow the solution of the problem is proposed and 4) The
results of the proposed methods are analyzed.

5.1 Audit

An audit is carried out to know the current state within the warehouse to start the improvement process. This audit
analyzes essential aspects such as external and internal elements, technological information systems, equipment,
contingency plans, entry operations, storage, stock control, picking, safety and hygiene, and regulations, among other
important aspects for the operation of the warehouse. It should be noted that the audit was answered by the distribution
of materials responsible for the client. With this, we can mention that the type of warehouse is a depot.

Table 1 shows the results, quantifying all the aspects evaluated, which are classified according to a weighting of 1 to 4,
where four is excellent, three is a good performance, two is poor performance, and one is that there is no such
information.

Table 1. Audit Results1

Warehouse audit 1 2 3 4

High
Item No Poor Good Excellent Total value
External 9 6 15 60
Internal 1 39 33 73 292
Warchouse IT systems 4 4 16
Mechanical handling
Equipment 1 7 6 14 56
Contingency planning 1 1 7 28
Inbound operation 16 6 22 88
Put away and storage 2 7 17 68
Stock Control 2 9 36
Picking 2 18 1 21 84
Staff and housekeeping 1 9 36
Warehouse -
performance 5 5 20

784

After weighing the results, it was possible to detect that the picking area is the aspect that obtained the lowest level
within this audit, presenting a percentage of effectiveness of 74%; this can be seen more clearly in Figure 2.
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We can highlight the picking area of the aspects analyzed in the audit, where a picking area is specifically and
physically assigned. The picker assigned for each picking zone is responsible for picking all SKUs located in the order
zone. If it requires SKUs located in multiple zones, orders will be filled after the picker finishes his circuit. It mainly
refers to a "take and pass" methodology. There is only one work scheme in the picking area, which consists of the
routes made and the stay of lost times that the operator has in a new route.

5.2 Key Performance Indicators (KPIs)

The organization's indicators were reviewed to know the performance of the operation in the picking area. These
measures the sets made or the materials delivered and the number of boxes provided promptly. The historical data of
the year 2019 were analyzed, and then in Figure 3, the information obtained is shown.
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Figure 3. Indicator of Average of boxes delivered per shift.
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Figure 4. Indicator number of times the OTs fall into problem.

The indicators measure the average number of boxes delivered per shift (Figure3) and the number of times transport
orders (OTs) fall into a problem (Figure 4).

As can be seen, there has been a downward trend in terms of productivity in the number of boxes delivered per shift.
You can also observe the frequency in which OTs have problems. Because of this, it is necessary to implement
improvements that help correct these problems.
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5.3 Dual Cycle Assignment Method

The dual cycle allocation problem is a topic considered for analyzing more than one or more processes in collecting
and storing materials in the supply chain. According to this, operations in a warehouse or CEDIS are problems faced
by supply chain managers (Serrano, 2014). The problem is to determine a route where the stowage of one product and
the collection of another is considered, to reduce travel time and distances, increasing productivity in the warehouse.
The problem becomes more complex when each stowage must be assigned more than one collection due to the
product's characteristics.

In this project, the Dual Cycle Assignment Method application is considered, including the restriction that allows
several collections to be assigned to each store. The Generalized Assignment Problem (GAP) is taken as a basis
(Molina, 2018).

Variables and Parameters
The variables that were used in the model are the following:

Xij=Variable to be found (assignment of collections with stowage)
Dij=Distance of each route
Objective function:
i=1 j=1

Restrictions:

inj <10 )

i

in,- —1 3)

j
X;j €{0,1} (4)
Equation (1) represents the objective function, which seeks to minimize the total distance of travel.
Equation (2) represents the constraint assigned to each stowage up to ten collections.
Equation (3) represents the constraint that assigns each collection a single stowage.

Equation (4) represents the binary constraint, which gives the variable Xij the value of 1 or 0. The model assigns
the number 1 to the chosen routes representing the minimum distance; and assigns the number 0 to routes that are
rejected for greater distances.

6. Analysis and Results

Below are two proposals that provide a solution to the problem described above. The first is the implementation of
KPIs that help monitors the performance of the area and improve the quality of work. The second proposal consists of
implementing the Double Cycle Allocation Model to optimize the routes in the warehouse. Both proposals aim to
improve the operations that are handled in the picking area so that there is continuous improvement.

6.1 Key Indicators (KPIs)

The first proposal for improvement consists of implementing Key Indicators (KPI's), taking into account quality and
productivity criteria in the warehouse. For quality, the accuracy in which an order is collected and delivered was taken
into account. Errors in handling and providing an order are frequent and annoy customers and in the returns of the
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order(Zhanh et al. 2017). For this, the following KPIs are proposed, both productivity and quality, in which not having
a correct measurement of the level of productivity and the quality with which the boxes are being delivered, two main
KPIs were sought that would allow visualizing the possible improvement in the picking area. The first indicator to
demonstrate is the collection productivity, where it represents the number of materials collected per operator and that
is finally delivered in a certain period. The lapse had already been measured previously by the organization, so it
should not exceed 5 minutes, and the second indicator is the number of orders collected correctly over time. For this
second indicator, it is proposed that by having an optimal period in the delivery, it would be obtained that the material
is complete and in good condition (Mora-Garcia, 2015).

Table 2: Results of Indicators

Quality KPIs Production KPIs
Formula _ Transport orders delivered correctly Transport orders collected 100
" Total transport orders within a period Transport Orders within a period x
Before 60% 120%
After 100% 200%

6.2 Application of the Dual Cycle Allocation Model

The second proposal for improvement consists of the design and implementation of the Dual Cycle Allocation
Method. It is possible to obtain the most profitable trajectory and adapted to the daily operation of the picking within
the warehouse.

The distance matrices and layout design with the actual dimensions were generated. On the other hand, the Lingo 18
software was used, with which the model could be programmed.

A distance proportional to the standard measure of the location to location, one meter, was placed. In addition, the
distance from the entrance of the warchouse to each corresponding storage location was set.

1 2 3 4 5 6 7 8 9
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Figure 5. Diagram of a minimum quantity of merchandise in the picking area.
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The layout (Figure 5) shows the flow that must be had from the entry of merchandise to the exit, considering the
storage and collection locations that must be visited in the routes. A matrix of 10 pallets for ten collections was taken
into account, and it is sought to generate through the Lingo program the best option for each route to optimize
distances and avoid going around the corridors.

The measurements of the warechouse of 22 x 9 meters are considered, as a sample of the picking area, in it, there are
more sets and collections; however, the generation of groups is done on average every 5 minutes, so for the processes
to remain stable you must have at least ten sets and collect ten boxes in a period not exceeding 5 minutes. The
database is obtained from an average of orders that meets the minimum of 10 packages per hour. It should be noted
that there are time intervals where little material is supplied and time intervals where excess material is provided,
specifically in the mornings that is when the warehouse starts to fill everything behind in the third shift. However, this
average was taken to obtain the results that can be applied in the two different scenarios authentically.

Table 3. Matriz de distancias

DISTANCE

MATRIX Dij

R&S + stwo

+retrieval | rl r2 r3 4 5 r6 17 8 | r9 rl0
sl 31 40 37 35] 21 22 21| 29 39 35
s2 31 32 29 35] 21 14 13| 29 31 27
s3 23 32 35 27| 31 42 41| 35 47 47
s4 21 20 23 17| 31 38 39| 35 39 35
s5 21 12 9 17| 31 24 25| 35 25 21
s6 37 46 47 41| 31 42 41| 23 31 35
s7 31 24 21 29| 21 10 11| 29 23 19
s8 37 46 45 41| 31 42 41| 23 29 33
s9 31 40 43 351 21 32 31| 29 41 45
s10 27 36 39 31| 31 42 41| 35 47 51

Given the equations of the model, the programming is generated in Lingo, which is presented as follows:
!Short version assignment model;

Model:

The variables are defined;

Sets:

Estibas;

Recolecciones;
Pares(Estibas,Recolecciones):!Parameter (elements of the sets;Distances, X;
Endsets

! Members of the sets;

Data:

Estibas= S1 S2 S3, S4, S5 S6 S7 S8 S9 S10;
Recolecciones= R1 R2 R3 R4 R5 R6 R7 R8 R9 R10;
IDistance elements;

Distancias=

31403735212221293935

313229352114 13293127
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23323527314241354747
21202317313839353935
2112917312425352521

37464741 314241233135
31242129211011292319

37464541 314241232933
31404335213231294145
27363931314241354751;

Enddata

!Modelizacion;

!Funcion Objetivo;

MIN= @SUM(Pares(1,J):Distancias (I,J) * X (LJ));
IRestricciones;

!For each stowage, at least ten collections are assigned;
@For(Estibas(I): @SUM(Recolecciones(J): X(I1,J))<=10);
!Para cada recoleccion solo se asigna una estiba;
@For(Recolecciones(J):@SUM(Estibas(I): X(I,J))=1);
Variables Binarias;

@For(Pares(1,]):@BIN(X));

Lingo's program yields a feasible solution, the target value of which is a total trip of 166 meters. As shown in
Figure 6:

Solver Status Wariables
Model Class: FILE TDla|2 i00
Monlinear: a0
State: Global Opt Integers: 100
Objective: 166 Earslietils
Infeasibility: i Total 21
MHonlinear: 1]
Iterations: ]
Monhzeros
Extended Solver Status Total: 300
Manlinear: 1]
Salver Type BE—and-B orinear
Best Obj: 1686 Generator Memony Ueed (K]
Obj Baund: 2 38
sl L Elapgzad Runtime [kk;mnm; 2]
Active: 0 o0:00:00
Update Interval: |2 Cloge

Figure 6. Result of the program in Lingo
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The system proposes routes based on the minimum distance, where the ten collection locations are assigned to some of
the storage locations.
As shown in Table 4, the program proposes three collections, assigned to stowage S5, S6, and S7.

Table 4: Allocation of collections.

S5 R1= R2 = R3= R4
S6 R8
S7 R5= R6= R7= R9= R10

With the proposed assignment, the objective of optimizing travel distances for picking area operations is met.

7. Conclusions

The investigation of this type of practical case turns out to be very useful for graduate students and workers of
organizations because useful tools are implemented and developed in the management of the supply chain, which
serves to face problems that arise daily in the workplace. The solution to these problems results in a continuous
improvement in its operations and an economic benefit in reducing costs.

This project is presented to the organization as a proposal for implementing the suggested project to the client's needs
for the automatic taking of sets, specifically for the picking area.

It is important to constantly and periodically monitor and monitor the performance of the activities carried out within
the warehouse. The implementation of KPIs for the picking area helps to detect errors and/or areas of opportunity,
generating a strategy to solve the errors detected. With this, it is expected to have greater control in the operations of
the warehouse, reducing mistakes and encouraging continuous improvement.

Another aspect that must be evaluated is the stock levels, taking into account the capacity to store material, since the
stock levels proportionally affect the complexity of the picking, increasing the distance to be traveled. That is why it is
essential to organize the layout of the warehouse and the optimization of routes.
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