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Abstract

This study presents the application of storage assignment and human error improvement model in warehouse
management to the case study of automobile seat manufacturers. The objectives are to improve the efficiency and
accuracy of the order picking (OP) process in companies. For improving the efficiency of the OP process, capacity
decision analysis and an optimization method using linear programming are used to perform storage assignments of
raw material in the warehouse. The human error improvement model is then used as an approach to reduce human
error that occurs in the OP process and increase its accuracy. Three scenarios of storage assignment are analyzed, and
all of them results in a better total OP time compared to the existing condition. Several recommendations of
improvement actions are also provided to reduce the occurrence of human error in OP process. The contribution of
this work is two folds; it provides a practical contribution to the case study, and it helps to enrich the literature related
to the OP improvement strategy.
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1. Introduction

In the warehousing process, order picking (OP) is an important activity that supports the overall operational
performance of the warehouse. OP is the process of retrieving items from their storage locations in a warehouse to
fulfil customers’ orders (Grosse, et al., 2015). OP is an activity that is significant to the overall warehouse operation
because it consumes the largest proportion of costs. On average, the cost of the OP consumes 55% of the total
warehouse costs (Tompkins, et al., 1996). The relation between OP and service level is determined by OP efficiency
and accuracy (Burinskiene, 2010). Efficiency shows how quickly an order may be retrieved and how soon it is
available for shipping to the customer (Koster, et al., 2007). The efficiency of an OP activity depends on several main
factors such as the size of the warehouse, picking systems, storage strategies, layout strategies, and routing strategies.
As for accuracy in OP, it relates to human errors that occur in OP, which depends on storage methods, picking methods
and other factors.

The case study used in this research is from a car seat manufacturing company in Indonesia. One of the problems that
occur in this procurement process is the difference between the forecast given the day before, and the actual orders
made using the JIT system. This has an impact on several aspects, one of the most significant is the level of inventory
in the raw material warehouse. In this case, companies often experience warchouse overcapacity because the actual
order is lower than the forecast. This condition causes the company to bear the risk of damaged goods because the
goods are placed outside the warehouse area, which in turn can reduce OP time efficiency.

The problem of inefficiency also occurs in the placement of raw material items in the warehouse. In actual conditions,
the company has used dedicated storage as a storage policy. However, the placement of goods has not considered the
frequency or throughput of each raw material item. This results in workers picking up raw material items that have
high throughput at a longer distance, compared to raw material items that have lower throughput. The problems that
cause inefficiency in the OP process also affect other problems that arise due to human error or also called inaccuracy.
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The company still carries out all warehouse operational activities manually. Overcapacity that occurs in the raw
material warehouse causes the placement of goods not to accurately follow the provisions of the dedicated storage
policy and the OP process that is not following First in First out (FIFO) procedure. In the failure of FIFO system, the
problem occurs because workers do not take materials that have been placed for a long time but instead take materials
that have just arrived. Another risk includes some error in inventory data input in the OP process from the external to
internal warehouse.

This research aims to improve the OP process in the scope of two aspects that determine the OP output, namely
efficiency, and accuracy. OP efficiency improvement is carried out by evaluating the capacity and storage assignment
in the raw material warehouse. Mathematical modelling with linear programming will be used. This improvement
aims to reduce the time needed to carry out the OP process. In the aspect of accuracy, the identification of human
errors that occur in the OP process will be identified. Furthermore, corrective actions that have the greatest impact on
reducing errors by workers will be identified, to improve the accuracy aspects of the OP process.

2. Literature Review
This section describes the literature reviewed and used in this research, which is organized into three subsections: 1)
storage system and warchouse operations, 2) Warehousing Models and Storage Location Assignment, and 3) Human
Error Improvement Model.

2.1 Storage System and Warehouse Operations

The storage system can be divided into two important functions, including inventory holding and materials handling
(Ballou, 2004). Material handling refers to loading and unloading activities, moving goods from and to several
locations in the warehouse, and order picking activities. Whereas storage can simply be interpreted as the accumulation
of inventory over a certain period. Several warehouse manufacturing attributes are largely determined by the purpose
for which the warehouse is built, such as how many, where, and how large the warehouse should be built.

Every warehouse has a design that specifically aims to meet the supply chain needs of a particular industry. Although
they can have different specifications, some operations are common to most warehouses. This operation is carried out
in a warehouse with a low level of automation (still relying on manual activities) or with a high level of automation.
For an inventory holding warehouse, Rushton, ef al. (2020) describes some of the operations that are commonly
performed as illustrated in the figure 1.
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Figure 1. Warehouse operations

One of the activities that consumes most of the cost in warehouse operations is order picking (OP). Order picking is
the activity of collecting goods or products from specified storage locations (Burinskiene, 2010). In general, the order
picking process is the most laborious activity in a warehouse. On average, the costs of order picking can cover up to
55% of the operating costs in the warehouse (Tompkins, et al., 1996). Several different performance measures to be
optimized and constraints can be considered. The most commonly used is related to the space distance, which includes
the minimization of travel distances (Reyes, Solano-Charris, & Montoya-Torres, 2019). Today’s competitive
environment and supply chain integration initiatives have put enormous pressure on warehouse managers to
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simultaneously increase the throughput rate and lower operation costs of their operations by decreasing order picking
time (Frazelle E. , 2002).

2.2 Warehousing Models and Storage Location Assignment

Warehousing models cover the application of operational research techniques in warehouse operational planning
(Berg & Zijm, 1999). There are 2 general parts to the warehousing model, namely Inventory management and storage
assignments. Inventory management has a role in deciding what products to store and how big. Meanwhile, the storage
assignment determines where the product will be stored.

Good inventory management can reduce the total inventory level which of course can affect operating costs for storage
and order picking. Inventory reductions can be done by placing orders with a small order quantity and shipping more
frequently. Therefore, a reduction in storage space can be made when the company fully schedules deliveries. Hadley
and within (1963) Consider an inventory model for multiple products with constraints on total storage space. In this
model, an ordering policy is determined for all products that minimize the long-run inventory holding and ordering
cost per unit time.

Storage assignment is the determination of the allocation of space or shelves in the warehouse to be used as a storage
area for supplies. The storage location assignment problem (SLAP) concerns the assignment of incoming stock to
storage locations (Berg & Zijm, 1999). There are several storage assignment policies including random storage policy,
dedicated storage, Cube-per-Order Index, Class-based storage, and shared storage policy. Among these policies,
dedicated storage and class-based storage attempt to reduce the mean travel times for storage/retrieval by storing
products with high demand at locations that are easily accessible. In addition to the storage assignment methods that
have been mentioned, there are also optimization methods to solve the storage assignment problem. Ballou (2004),
proposed an optimization method using linear programming to minimize the total cost of moving products through
the warehouse, subject to limitations on minimum amounts of products to be stored in the assembly section, in a
particular bay, and the warehouse.

2.3 Human Error Improvement Model

Order Picking (OP) is the process of retrieving items from their storage locations in a warehouse to fulfil customers'
orders. In practice, order picking activities are labor-intensive and time-consuming. About 80% of all orders processed
in the warehouse are picked manually (Koster, Le-Duc, & Roodbergen, 2007). Although it is possible to automate
Order Picking, however, many companies prefer to do it manually. The rationale behind this is because humans are
more flexible than machines to react to unexpected changes in picking processes, especially when a change requires
logical reasoning, something machines are not yet able to do (Grosse, Glock, Jaber, & Neumann, Incorporating human
factors in order picking planning models: framework and, 2015).

Knowing the importance of the human role in the OP process, a development model needs to be applied to be able to
improve the OP process not only in terms of efficiency but also in terms of accuracy. Concentrating on the planning
and optimization of design aspects in OP without considering HF may lead to low performance, poor quality, and it
may even place employees at risk of injury (Neumann, 2004). Dewa, ef al., (2017) present procedures adapted from
Quality Function Deployment (QFD) to prioritize improvement actions in overcoming human errors that occur in the
supply chain. Recently, it has also been applied to supply chain improvement (Tidwell & Sutterfield, 2012). The model
proposed is a two-phase procedure, which follows the ideas of Pujawan and Geraldin (2009) who use a similar
approach in managing supply chain risk.

2.3.1 First Phase

In the first stage, a link is made between supply chain performance objectives and the types of human errors. The
linkages are represented on the scale 0, 1, 3, and 9 which are normally used in the QFD model. Therefore, to carry out
this phase requires identification of the supply chain business process, which in the case shown adapts the operating
process in the warehouse, and determines the operational objectives of the business process. Then, human errors that
may occur and can hinder the achievement of operational objectives must be identified for each objective. The model
of the first phase illustrated in the table 1.

In the second stage in the first phase, the calculation of the final importance rating is carried out to determine the

priority of the predetermined operational objectives. Next, the value of the rating of error is determined. The result of
this phase is the identification of the priority order of human errors based on their impact on operational objectives.
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Table 1. Human Error Improvement Model Phase 1

; Relative Error type j or (ER;) Current Desired . Final
Business Performance - x Improvement
FOCEsSeS objectives (i) importance performance  performance ratio (u) importance
¢ (2 £Ry ERy ERs  ERe  ERs - ER; ) (a) ‘ rating (F)
Inbound 1 £ Ry Ri2 Ry Ris Ris . Ry
2 & Ry Ry
Value aqdcd 3 £ Ry Ry
processing 4 & Ray Ry
Storage 5 g Ry, Ry
6 g6 Re R
Outbound . .
i & Ra Ro Ra R Ris E Ry
Frequency (FRy) FRy FRy FR; FRy FRs . FRy
Error type rating (RR)) RR, RR, RR; RR; RR¢ o RR;
Priority rank of error type (P) P Py Py Py P R P;

2.3.2 Second Phase

The second phase aims to prioritize remedial efforts that can effectively reduce the errors generated in the first phase.
The input at this stage is in the form of lists of errors that have been identified and sorted according to priority. Each
input of the identified error is then proposed for corrective action. To determine corrective action here, brainstorming
activities can be used with parties related to the business process being observed. A relationship matrix is then
developed to show the link between errors and the proposed corrective action. The link here shows the impact that the
corrective action will have on the error. The final result of this stage is a priority sequence of corrective actions which
are considered to have the greatest impact in reducing errors. An illustration of the second stage of the model is shown
in the table 2.

Table 2. Human Error Improvement Model Phase 2

Actions to manage error (k)

Error type
Error type o7

No. Human aspect Environment aspect Tools aspect rating

(ER)

(RR))
H H H, E, E; E, My, M

1 ER\ ELI EIE E\n EH EIE E\n E\I Ell Eln RR\
2 ERI EEI EIE Eln EI\ EIE Eln E]I Ell Eln RRI
3 ER; Ey Exn E3, RR;
4 ER4 Eq  En Ein RR,
5 ERs Es,  Es Es, RRs
i ER; Ey Ep Ep Ey Ep Eu Ey  Ep E, RR,

Total TE, TE» TE; TE, TEs TE TE; TE TE

effectiveness

of action &

Degree of D, Dy D Dy D D D, Dy Dy

difficulty in

performing

action &

Effectiveness ETD, ETD, ETD; ETDy ETD; ETD ETD; ETDs ETD,

to difficulty

ratio

Rank of R R R Ry Rs R Ry Ry Ry

priority

Several previous studies have raised the topic of improving OP activity. Sanei et al. (2011) researched a space
assignment for the products in a warehouse considering various operational constraints. A linear integer programming
model and a heuristics algorithm based on branch and bound method is proposed to solve the problem, with the
objective to minimize distance between storage location of particular item to door and space assignment provision
penalty cost. Kovacs (2011) performs storage assignment optimization using Mixed Integer Linear Programming
(MILP) based on a class-based storage policy to minimize average travel distance and picking effort in OP activities.
The results of the calculations show that this method achieves an improvement of 36-38% compared to the classical
COl-based strategy.
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The studies that have been mentioned have not paid attention to the HF aspects in designing the OP system
improvement. Several subsequent studies have tried to raise the issue of HF. Dewa, et al. (2017) developed an
improved model for warehouse operations based on HF identification. The modified Quality Function Deployment
(QFD) model is used to describe the relationship between operational objectives, HF, and proposed improvements.
Furthermore, Grosse, et al. (2015) in their research that models the interaction between design characteristics and HF
in achieving OP output, proposes several improvement scenarios that incorporate human elements into the design of
the warehouse OP system or design. While most of the study in OP improvement focusing on improving the efficiency
of OP through routing and storage assignment but not yet involving HF, this study then tries to propose an OP
improvement based on the specific case study to improve efficiency (time) of the OP which involves storage
assignment optimization using linear programming and to improve accuracy (reduction of human error) which
incorporate the human interaction while performing OP using QFD based human error improvement model.

3. Methods

3.1 Storage Assignment Mathematical Model

The model used is a mathematical model proposed by Ballou (2004) with some modifications and constraint
adjustments in capacity constraint as shows in the equation below.
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3. The total number of units to be stored throughout the warehouse: 4)

ZXL.]. > R; forj=12,...,N
i=1

4. A negative amount of product j cannot be stored: (%)
all Xi]' >0
Where:

X;j = Amount of product j stored in rack i

t; = OP time required for handling product when stored in rack i

fj = movement frequency (turnover)of product j

M = Number of storage racks in both internal and external warehouse

N = Number of different stock items handled by the warehouse

L = Number of storage racks in the external warehouse

G;; = Amount of product j that can be stored in arack i

R; = The required amount of product j to be stored in the warehouse (WH)

s and a = superscripts to denote the external and internal warehouse, respectively

The purpose of the model is to minimize the OP time of handling material as shown by equation (1) Several constraints
will be applied in this model, the constraints in equations (2) and (3) explain that the goods allocated must not exceed
the capacity of the external or internal warehouse, and the capacity for each rack. Each rack capacity will depends on
the product assigned to the rack. Equation (4) describes the total number of units to be stored that must be placed on
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the entire raw material warehouse. Finally, equation (5) describes the non-negativity constraint on the allocation of
product j to shelf i.

3.2 Human Error Improvement Model

3.2.1 Phase 1: Relating Performances Objectives and Errors

In the first phase, the relative importance of each order picking operational objectives will be determined. This value
represents the priority level of one operational objective over the others. The scale of the relative importance of the
performance objectives is shown in the figure 2.

Very low low moderate importance  high very high
1l | Il | Il | Il | 1l
i I ) | i I " 1 i
1 2 3 4 5 6 7 8 9

[0,2] [L3] [24] [35] [46] [57] [68] [7.9] [810]

Figure 2. Scale of relative importance of the performance objectives

The assessment on the relative importance of performance objectives is based on expert judgment who are employees
of the observed company with the position of chief supervisor and staff of the PPIC department. In addition, the current
performance and desired performance value of operational objectives are determined by expert judgment and historical
data. Figure 3 shows the scale of the measurement of current and desired performance of performance objectives.

Very poor poor neutral good very good
Il | 1l | 1| | I | 1|
I | 1) 1 I | ) I 1
1 2 3 4 5 6 7 8 9

[0,2] [1L3]  [2,4] [3,5] [46] [57] [68] [7.9]1 [810]

Figure 3. Measurement scale of performances objectives

After measuring the current and desired performance, the improvement ratio is calculated by dividing the desired
performance by the current performance. The final importance rating is then obtained by multiplying the relative
importance of performance objectives by the improvement ratio. The measurement is continued by calculating the
frequency of occurrence of human error type.

The scale for measuring the frequency of occurrence is 1-10 where 1 means almost never occurred, 5 means moderate,
and 10 means almost certain to happen. After that, the relationship matrix between the performance objectives and the
human error type is developed. The final step in the first phase is to calculate the importance rating of each error,
which indicates the priority level of human errors that occur.

3.2.2 Phase 2: Relating Performances Objectives and Errors

The second phase focuses on determining the relevant improvement actions to reduce each type of error. In the first
stage, a relationship matrix is developed between each error type and each improvement action. Measuring the
relationship value for each error type and improvement action uses a scale of {0,1,3,9} where 0 is no relationship
while 1,3, and 9 represent, respectively, low, moderate, and high relationships.

After that, for each improvement action, a measurement is made for the total effectiveness of each action, which is
the multiplication result of the error type rating obtained in the first phase, and the value of the relationship between
the error and the improvement action. The next stage is to assess the degree of difficulty in performing each action.
This assessment is divided into 2 subcategories: low with a score of 3, medium with a score of 4, and high with a score
of 5. Next, the total effectiveness to difficulty (ETD) ratio is calculated. The ratio would indicate the cost-effectiveness
of each action. The final step in this phase is to rank the priority to each action, where the 1st rank is occupied by the
action with the highest ETD ratio.
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4. Results and Discussion

For improving the storage assignment, this work requires data of warehouse specification, raw material types,
warehouse throughput, and order picking time as inputs for assigning each raw material to each storage location.
Meanwhile, the identification OP flow process, performance objectives, and human error that occurs in OP are
gathered to construct human error improvement

In general, the company has two types of warehouses, namely raw material warehouses and finished goods
warehouses. In the raw material warehouse, the company divides the warehouse into two parts, namely internal and
external warehouses. The internal warehouse is a warehouse that is directly connected to the production line. While
the external warehouse is an additional warehouse that is rented by the company, to accommodate raw materials items
that can no longer be stored in the internal warehouse. Figure 4 shows a layout drawing for the internal warehouse.

The internal raw material warechouse has an area of 39 x 22 m2 and stores 27 variations of raw material items. Inventory
that is not placed in the internal warehouse will be placed in the external warehouse. The external warehouse has a
total area of 23 x 42 m2 and accommodates 26 variants of raw material items. In internal and external warehouses,
trolleys are used as storage media for raw materials.
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Figure 4. Layout of internal warehouse

4.1 Warehouse Capacity Decisions

The capacity calculation is carried out to identify whether the existing condition is adequate to the need for the
additional capacity to support warehouse operations. Table 3 shows a list of raw material item classifications along
with the average daily throughput taken from December 2020 to April 2021. Because the company uses a dedicated
storage policy system for each raw material item classification, there is a fixed capacity for each raw material item.
The table also shows the capacity of each raw material item in the warehouse based on the quantity unit of the product
and the trolley unit. From the calculation of the deviation between current capacity and ideal capacity that should be
exist in company, the additional area needed for every dedicated area of component can be obtained. These values are
shows in the rightmost column in the table.

Table 3. Lists of overcapacity material and area needed

Additional Additional

No Component Item Capacity area needed No Component Item Capacity area needed
(m2) (m2)
1 FC PANEL 180 11.12 7 RISER 3RD 672 2.78
2 STRAP 300 4.85 8 FELT 1000 1.39

PAD 2NDB

3 PAD HR 1008 8.34 9 CTR 160 1.39
4 CLIP 10000 6.95 10 CABLE 3720 0.69

(HONGRING)
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FRAME
> 2NDB AR 120 5.56 11 TOWEL 864 0.69

6 BUSH 2700 2.77

4.2 Storage Assignment Model

In this section, the implementation of storage assignment will be perform using optimization software. Optimization
is performed based on the model that has been proposed in the previous chapter, by adapting the model creation to
excel open solver software. Excel open solver is used because it can accommodate the number of decision variables
and constraints that adapt to the computer's capabilities.

4.2.1 Scenario 1: Without Optimization (Existing Condition)

In the first scenario, the OP time is calculated based on the existing condition. In existing conditions, due to the
overcapacity, the raw material that cannot be placed in the raw material warehouse will be placed in the receiving
area. Therefore, this scenario tries to model the same occasion by placing additional trolley locations outside the
warehouse area to accommodate raw material overcapacity. Determination of raw material item distance in the
receiving area is done by mapping the position of the trolley that has been displayed in the previous sub-chapter. Then,
the distance is calculated from the trolley position to the pick-up point. The distance that has been obtained is then
converted into a unit of time in seconds. The total OP time will be obtained by multiplying the frequency of taking
raw material items with the OP time of each trolley position.

After calculating the required OP time for raw material items in the receiving area, a calculation is made for the OP
time for raw material items in the rack position in the warehouse. This calculation tries to approach the original
conditions in the company's warehouse. Therefore, the location of each raw material item is adjusted to the existing
conditions. Table 4 shows the mapping of each raw material item on the rack/trolley position along with the required
OP time.

Table 4. Raw material item position and distances from picking point

Distance to Pick Point

No Trolley Area Code (meter)
1 All 35
2 Al2 37
167 M41 22

The calculation of the total OP time is done by multiplying the number of trolleys, the frequency, and the required OP
time for each raw material item. The results of the calculation produce a total OP time of 418 hours in scenario 1. This
result is obtained by adding the OP time for raw material items located inside the warehouse which is 354.7 hours,
and OP time for raw material items located outside the warehouse which is 63.19 hours.

4.2.2 Scenario 2: With Optimization but No Additional Capacity

In the second scenario, optimization is carried out using linear programming to get a decision on the placement of raw
material items in a specific trolley area. Similar with the first scenario, the capacity of the raw material warehouse is
still insufficient to accommodate all the raw materials that must be placed. Therefore, this scenario is done by
modelling the placement of the trolley outside the warehouse area. Raw material items that are placed in the receiving
area are the raw material items that experienced overcapacity. This is done to resemble the real condition, where raw
material items placed outside the warehouse area are not included in the storage assignment optimization. Figure 5
shows an illustration of the use of open solver software in the implementation of the storage assignment optimization
model.
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OpenSolver - Model X
What is AutoModel? AutoModel
AutoModel is a feature of OpenSolver that tries to automatically determine the problem you are trying to optimise by observing the
structure of the spreadsheet. It will turn its best guess into a Solver model, which you can then edit in this window.
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Solver Engine: Current Solver Engine: CBC Solver Engine...

¥ Show model after saving Clear Model Options... ‘ Save Model ‘ T Cancel ]

A

Figure 5. Open solver software interface

The results of the optimization summed with the total OP time for raw material items outside the warehouse will
produce the total OP time required in scenario 2 within one month. The total time required is 288.6 hours, with 225.4
hours being the total OP time on the flow of goods inside the warehouse, and 63.19 hours being the total OP time on
the flow of goods outside the warehouse.

4.2.3 Scenario 3: With Optimization and Additional Capacity

In scenario 3, there is an additional capacity for the internal and external raw material warehouse. Capacity addition
is carried out on raw material items that experience overcapacity and under the need for additional trolley areas for
each raw material item. The addition of capacity is done by increasing the level of the trolley into two levels, assuming
there is rack procurement by the company. Therefore, in this scenario, there is no additional OP time for raw material
items placed in the receiving area, because all raw material items can already enter the warehouse area. The time
required to perform the OP is 255.5 hours in one month. This value consists of 225.4 hours of total time for picking
up items manually by workers, and 30.10 hours total time needed to pick up an item using a forklift.

4.3 Human Error Improvement Model

In identifying human errors, Hierarchical Task Analysis can be done in the process of OP process analysis. A
Hierarchical Task Analysis describes an activity in terms of its specific goals, sub goals, operations, and plans
(Stanton, 2006). In relation to the preparation of the human error improvement model, HTA is used to identify the
business processes of the OP that will be input in phase 1 of the model.

4.3.1 Phase 1: Relating Performances Objectives and Errors

After identifying the business processes and operational objectives in the OP process, an assessment of current
performance, performance targets, and relative importance are carried out. The assessment is carried out by an expert,
who is an employee in the PPIC division of the observed company. There are a total of 3 respondents who did the
assessment. Current performance is an assessment of the existing conditions of the operational objective performance,
while the performance target is the value that management wants to achieve for each operational objective. Meanwhile,
relative importance is an assessment of the relative importance of one operational objective with another For current
and performance targets, the assessment uses a scale of 1-9 where 1 indicates the worst performance, and 9 the best
level of performance. In relative importance, the same scale is used, bit 1 indicates the low level of importance, and 9
indicates the highest level of importance

After assessing the performance objectives, the next step is to identify human errors that occur in the OP process.

Once again, brainstorming become the basis to determine the human error that occurs. There are 10 human errors
identified in the OP process. The frequency scale of the occurrence of human error is then assessed by the assessor to
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see how often the identified human error occurs. Table 5 shows the ranking of the error type ratings for each human
error.

Table 5. Ranking of error type ratings for each human error

No. Human error in OP process Error Type Rating No. Human error in OP process Error Type Rating
1 Data recording error in raw material OP process 5276.8 6 Error in identifying item raw material's position in warehouse 3517
2 Error in Kanban placement activity 3737 7 Error in taking raw material item not based on FIFO procedure 6053.2
3 Error in MH tools, equipment, and forklift operations 1960.8 8 Error in conducting material handling according to the 1831.6
procedure (safety procedure, SOP)
4 Error in raw material placement in warehouse 3687.5 9 Error in order picking based on the item ordered 3042.8
5 Error in identifying item raw material's label 3182 10 Error in identified or calculate actual number of inventory in 6007.1

the particular types

4.3.2 Phase 2: Relating Performances and Errors

In the development of the human error improvement model phase 2, it is necessary to identify the improvement actions
that can be taken by the company to reduce the incidence of human errors that have been identified. Brainstorming is
once again used as a method to identify improvement actions. In the next step, an assessment of the relationship
between the improvement activities and the identified human error is conducted. Table 6 shows the lists of
improvement actions and the final value of effectiveness to difficulty ratio.The output obtained in the human error
improvement model phase 2 is the effectiveness to difficulty ratio, which is the value of the effectiveness of
improvement action implementation that has taken into account the level of implementation difficulty.

Table 6. Lists of improvement actions and ETD ratio

No Improvement Actions Effectiveness to No Improvement Actions Effectiveness to
: P! Difficulty Ratio : P! Difficulty Ratio

Conducting spreadsheet training for data recording Implementing a FIFO card system with different shelf lines for

! purposes 53762 7 new goods and old goods, after the addition of capacity 51533

2 Conduct training to use equipment (forklift, trolley) 16730 8 Making 2 large map of the p05|F|on of the placement of goods 44465
and their route

3 Conducting produc.t.lon system (JIT) training and company 30631 9 Adapting the use of spreadsheets as inventory data control 20130

facility knowledge (layout)

4 Add lighting to the warehouse 21861 10 Using a barcode scanning S\_/stem to identify incoming and 35781
outgoing goods

5 Manufacture of air vents (machines) or air conditioners 1883 11 Modify the shapg of the trolle\{ to Su'.t the need? of the 13173

operator (adding handles, lightweight materials)
Creation of a pick-up route and a clear separation of the
6 forklift's travel route from the operator's route of picking 7607 12 Using the CCTV system as warehouse operational control 2749

up goods

Furthermore, in order to obtain some improvement with the most significant impact to reduce human error in OP with
the minimum possible cost incurred, further analysis should be performed. Figure 6 (a) shows a Pareto diagram of the
ETD ratio value to the overall improvement actions. It can be seen in the diagram shown, several improvement actions
have a dominant impact on reducing human error. This is indicated by the three improvement actions that have the
highest effectiveness to difficulty ratio, or 25% of the number of improvement actions can cover almost 60% of the
total effectiveness difficulty ratio. This shows management that three improvement actions can be the focus, to
significantly reduce the level of human error.
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Figure 6 (a) Pareto of Improvement Action (b) OP time comparison between scenarios

In overall there are two main proposed improvement for OP resulted by applied methodology. Storage assignment
optimization with linear programming result in 3 possible scenarios to be applied. Figure 6 (b) shows the comparison
between deployment scenarios for the storage assignment efforts. Reduction of OP time in the comparison between
scenario 1 and scenario 2 resulted in a 31% reduction in OP time, while the comparison between scenario 2 and
scenario 1 resulted in scenario 2 will have a 39% reduction of total OP time compared to the scenario 1. This shows
that the implementation of storage assignment optimization can reduce the total OP time by at least 30%, compared
to if no optimization is carried out. The comparison between scenario 2 and scenario 3 then gives a difference of 11%
reduction in OP time for scenario 3.

This fact can then be used as consideration for further decision analysis whether the costs involved in procuring racks
or picking up goods using forklifts on an operational basis are proven to be lower. Compared to the benefits obtained
by implementing scenario 3. These benefits include a decrease in total OP time by 11% when performing OP processes
on internal and external warehouses. Meanwhile, the application of human error improvement model resulting 3 main
improvement actions that could reduce human error with the lowest possible cost which are conducting spreadsheet
training for data recording purposes, implementing a FIFO card system with different shelf lines for new goods and
old goods, and making a large map of the position of the placement of goods and their route.

5. Conclusion

There are 3 comparison scenarios carried out on the implementation of the storage assignment optimization model.
The first scenario is the existing condition of the placement of raw material items in the observed company, where the
placement of raw material items follows the latest conditions in the warehouse. The total OP time obtained is then the
product of the displacement frequency, the number of trolleys, and the time per pick for each position of the raw
material item. The three scenarios of storage assignment results in the total OP time for one month in scenario 1,
scenario 2, and scenario 3 is 417.9 hours, 288.6 hours, and 255.5 hours respectively. In the human error improvement
model, the output of phase 2 will identify the improvement actions that are possible to be taken by the company to
reduce human error. The three improvements that have the most significant impact in reducing human error based on
the Pareto analysis are actions are conducting spreadsheet training for data recording purposes, implementing a FIFO
card system with different shelf lines for new goods and old goods, and making a large map of the placement of goods
after the addition of capacity.
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