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Abstract- Warehouse accumulates non-value added or wastes activities consist of inventory, waiting and
transportation. The warehouse is a must to prevent any unforeseen events causing failures to implement the
Just-In-Time concept. However, the existence of the warehouse will increase the operation expenditure and
can lead to the profit losses. Therefore, the manufacturer needs to identify and eliminate the wastes to reduce
the consumption of the resources and keep minimum requirement of the activities such as inventory, waiting
and transportation in the warehouse. Value Stream Mapping is one of the Lean tools as an approach to
eliminate the non-value added or wastes. This tool visualizes the information and material flow of the
manufacturing activities. The development of a model based from Value Stream Mapping determined the
current state of the wastes existed in the warehouse activities. The model is used to identify and eliminate the
waste in the warehouse. From the information flow, the optimum combination of the wastes was determined
through Boolean concept. The wastes are simplified and combined by passing through the Boolean operators
consist of AND Gate and OR Gate. The expected outcome of this paper is to propose a conceptual model of
new value stream mapping to identify and eliminate the waste in the warehouse. From the removal of wastes,
the profit can be increased by reduction of the operation expenditure of the manufacturer.

Indexed Terms- Warehouse, Waste, Lean Manufacturing, Value Stream Mapping, Boolean

I. INTRODUCTION

The warehouse commonly as the interchange place between supplier, production lines and
customer [1] and it is an important unit for the company within the logistics system. The activities
such as storing the products in the form of unprocessed material, finished product during or
between points of origin and also points of consumption are common in the warehouse. Besides,
buffering and storage is the main function of the term ‘warehouse’ [2]. In the typical supply chain
network, the warehouse functions to transform the raw material into the final products and
sequentially processed at multiple locations [3]. The common activities that existed in the
warehouse consist of inventory, waiting and transportation of materials. According to Toyota
Production System (TPS), the activities such as inventory, waiting, transportation, motion, over-
processing, over-production and defect were classified as the wastes during the development of
TPS [4]. In the lean manufacturing, the main characteristic of the waste is not given additional
value to finished product based on Tapping [5]. Warehousing and inventory as the main contributor
for the large part of the total cost of logistic and Ohno [6] believed that the wastes contributed up to
95% of all cost in non-Lean Manufacturing environments. One of the goals in an implementation
of Lean Manufacturing concept is to eliminate the waste. Waste elimination is one of an effective
way to reduce the cost of production and contribute to the high profit of most companies. As an
approach, Value Stream Mapping is applied in the companies to achieve the waste eliminations.
The general concept of Value Stream Mapping is to visualize of all the sub-manufacturing
activities includes the information flow and the material flow which existed along the value stream
chosen of the product [5]. Value Stream Mapping reveals the significant wastes activities
accumulated in the current process that contributed to the profit deterioration. The wastes or non-
value added activities consume more manpower and money and add the important amount of lead-
time without adding value to the components. Apart from that, Lean Enterprise Research Centre
concluded in their research that 5% of the total activities in a manufacturing of product consist of
value-added activities, up to 35% described as the Necessary but Non-value Added Activities
(NNVAA) and the last 60% clarified as the Non-Value Added Activities (NVAA) [7]. Since non-
value-added activity (NVAA) known as the waste in the system, most manufacturers that aware of
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this issue strived to eliminate as much waste as possible [7].
Il. LITERATURE REVIEW

The warehouse defined as the material handling station. The tasks performed in the warehouse
consist of receiving the components, the storage, accumulation, order-picking, sorting, and
transportation [8]. Besides that, the warehouse responsible as the distribution center for the raw
materials and commonly followed by the processes of manufacturing [9]. As shown in the Figure 1,
the materials are transported by the lorry and unloaded at the receiving docks. At the dock of
receipt, quantities are documented, and random quality checks are performed on the delivered
loads. Afterwards, the loads are organized for deportation to the storage area. Once the materials
are transferred to the storage area, or when they are transferred to the expediting area, handling
takes the parts into or from their location. To minimize the time expended in retrieving orders, it is
suggested that items that have the highest turnover are located nearest to the shipping area. Slow-
moving items would be kept at the other end of the store.

| Receiving '—.l Transfer l—il Handling |
v
| Handling }—bl Transfer ’—>| Packing }—>| Expediting

Figure 1 : Activities in the warehouse [1]

The activities in the warehouse commonly viewed as a non-valued added activities.
Meanwhile, some empirical studies and developments on the supply chain logistic have given an
improvement on the profit of manufacturers. The Japanese word for waste known as Muda,
according to Chen et al. [10] and believed that Muda is related to every activity that does not give
value added to a product. The consumption of the time and resources makes the price of the
product increases. As Ohno [6] refers, the timeline between the costumer’s order and the product’s
delivery should be studied, and the related wastes should be eliminated to reduce its duration. The
original seven common wastes in an industrial environment that were originally identified by Ohno
[6] consist of inventory, transportation, waiting, motion, overprocessing, overproduction, and
defects. Since Lean Manufacturing is introduced, this concept has built a worldwide reputation
based on outcomes related to cost reduction, production improvement and increase the customer
value creation through the elimination of production wastes in several firms or companies [11].
Lean methods and techniques have changed the automotive industry to a wide range of industries
and services by spreading their scope [12]. The effective way to meet the challenges of sustainable
development recently proven by the lean philosophy [13].

Value Stream Mapping (VSM) can be defined as the mere process of directly observing the
flows of information and materials as they now occur summarizing them visually and then
envisioning a future state with much better performance [14]. VSM as an approach that is capable
of tracking the wastes existing in the manufacturing processes [15]. VSM typically consist of
Current State Map and Future State Map. Current State Map describe the information flow from
order to raw material to finished goods. Future State Map is generated based from the Current State
Map to eliminate the non-value adding steps (waste) and improving the value-adding stages of the
current system. Boolean algebra is an algebra for the manipulation of objects that can take on only
two values, typically true represent 1 and false represent 0. Boolean algebra also has operations that
can be performed on these objects, or variables. Two common Boolean operators are AND and
OR.

I11. APPLICATION OF BOOLEAN

Fault Tree Analysis is a well-established and well-understood technique, widely utilized for
dependability assessment of an extensive variety of systems [16]. Fault Tree Analysis is deductive
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in nature meaning that the study begins with a top event (a system failure) and works in reverse
from the highest point of the tree towards the leaves of the tree to decide the primary drivers of the
top event. Fault tree comprises of three sorts of nodes: events, gates, and transfer symbols. Typical
gates use in the fault tree consist of AND, and OR gate. The AND gate is utilized to demonstrate a
true output if all of its input events are true and OR gate is used to describe a scenario when the
output event occurs if at least one of the input events occur. For example, fault tree is used to
analysis failure of the fire protection system. As shown in Figure 2, fire protection system can fail
either one of fire detection system or fire suppression system is failed. A fire detection system can
fail if both smoke detector unit and heat sensor unit fail but not by the failure of just one unit. In
another side, a fire suppression system can fail if just one water sprinkler system unit or sprinkler
nozzles unit fail.

Failure of fire
protection system

»

[ I

Fire detection Fire suppression
system fails system fails
Failure of smoke Failure of heat No water to Sprinkler nozzles
detector sensor detector sensor sprinkler system blocked

Figure 2 : Fault Tree Analysis Diagram [16]

According to Wang et al. [17], in their study, application of Boolean logic operations
executed by enzymes to control electrochemical systems is presented. Indium-tin oxide (ITO)
electrodes with the surface modified with the poly-4-vinyl pyridine (P4VP) brush were joined and
used as switchable electrochemical systems. The switch 1 and O of the electrode action were
accomplished by pH changes produced by biocatalytic reactions within sight of enzymes utilized as
the incoming signals. Two logic gates working as AND/OR Boolean functions were built utilizing
invertase and glucose oxidase or esterase and glucose oxidase as incoming signals, respectively.

In Computer Aided Modelling application, according to Hung & Lai [18], a Boolean-based
algorithm is presented for planar profiles, which is a typical execution for overlapping elimination
in Cutter Location paths generation. The Boolean-based algorithm is applied on avoiding
interference between individual raw tool-paths. Detection and implementation of Boolean
operations between general planar limits are one of the most imperative issues which have been
actualized in different applications. Computing the Boolean AND, OR, and NOT between two
planar profiles plays a significant role in solving Computer Aided Geometric Design problems.
Frequently, it is performed on computer-aided manufacturing, for example, machining tool-path
generation between multiple CL (cutter location) paths.

IV. WASTE SIMPLIFICATION AND COMBINATION

Several phases involved to simplify the wastes and create the combination that meets the minimum
requirement of the warehouse shown in Figure 3.
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Phase 1: Observation
and Data Collection

h 4

Phase 2: Current State
Mapping

Y
Phase 3: Simplification
by Using Boolean Logic

Phase 4: Generation of
Future State Map

Figure 3 : Waste Identification and Elimination

4.1 Phase 1

Observe the activities that involved within the selected warehouse of the automotive industry. At
the moment, data collection identified the current procedure in the warehouse such as Standard
Operating Procedure, existing Process Flow Chart (PFC), and also a conversation with the person
in charge of the warehouse is needed. All the information and necessary data are generated by the
activities recorded by using a stopwatch and video recorder.

4.2 Phase 2

Value Stream Mapping concept is applied during this phase to obtain the current state map of the
activities in the warehouse. The information and data collected from the Phase 1 are utilized to
draw the current state map of the activities. The current state map consists of the mapping of the
information flow, material flow, and process flow. At this phase, the wastes and non-value added
accumulated in the warehouse are revealed.

4.2.1 Illustrative Example

Figure 4 illustrated the example of material flow in the current state map. The material Y arrived at
the stations from the receiving bay and stored at each station for certain time. Assume that, the
warehouse consists of 4 stations. The material Y have to wait in between of stations before can be
moved to the next station. After a certain period, the material Y will be transferred from the

stations into the production line.
7

INVENTORY =1
- ) WAITING =W
P TRANSPORTATION=T q
l- L]
r
TRANSPORTATION 1 = T} ) .
\‘ TRANSPORTATION 2= T3
STATION A STATION B STATION C STATION D
I I I; L
................
[warmve1 | [ wame2 | [ warrmes |

Figure 4 : lllustrative Example of Current State of VSM
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In reality, the times consumed by each station are differ based on the nature or
requirements of the stations. For example, time for the material to be stored in the next station
maybe longer than previous station. But, to make it easy to understand the concept of this study, we
assume that, the time for each activity have a same value, where Xi, Xz, X3 and X4 represent the
time for each inventory activities. While Xs, Xe, and X7 represent the time for each waiting
activities, and finally, Xgs and Xs represent the time for both incoming and outgoing’s transportation
activities. As shown in Table 1, the product of activities and time is determined as the time
consumed.

Table 1: Example of Time Consumed

Activities | Time | Time Consumed

I1 X1 11X1
P} X2 1.Xo
I5 X3 13X3
l4 Xa 12X4

Wi Xs W1Xs

W, X W:Xs

Ws X7 W3X7

T: Xs T1Xs

T Xo T2Xg

4.3 Phase 3

At this phase, the Boolean logic concept consists of, AND gate and OR gate concept is used to
simplify the wastes and non-value added in the warehouse with a step-by-step approach to meet the
minimum requirements of the warehouse. In the previous phase, the wastes from the warehouse
can be identified by using the Current State Map and can be eliminated by the Boolean logic. Logic
gate AND determined both wastes need to stay in the warehouse, and OR gate justified which
wastes can be eliminated. Based on the Figure 5, Pout represent the output of all the process in the
warehouse to deliver the part required by the production line. The activities involved to produce
output Pout consist of I, W and T. Each of the activities generated by inputs, (I = I, I, I3, 12), (W
=Wy, Wy, W3), and T = (T1, Tz).
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Figure 5 : lllustrative Example of Inputs and Outputs of Current Warehouse Activities

Poyr=1-W-T 1)
I'={LX," X, I3X3- I,X4} (2)
W = {WiXs - WoX; - W3X7} 3
T ={T1Xg - T,Xo} 4)

As shown in Figure 6, Logic gate OR is applied to the inventory and waiting to reduce the
activities as an event occurs as long as at least one of the input events takes place. All the gates are
used to eliminate the unnecessary activities and to retain the necessary for both activities required
by the warehouse. Table 2 has shown the truth table of OR gates for inventory and waiting. The
optimum combination can be obtained by selecting the minimum inventory activities and waiting
activities according to the truth table, and for example, 1 activity represents the inventory, and 1
activity represent waiting activities.

2 W:

Ao

Figure 6 : Hlustrative Example of Inputs and Outputs for Elimination of Wastes

Assuming that, T1 represent as the receiving the activities of the raw material from the
receiving bay, and T represent as the transportation of the complete part into the production line.
T, and T can be considered as the minimum requirement for the transportation in the warehouse.
Thus, T, and T, are the transportation activities need to be retained in the warehouse. Table 2
shown the truth table as the result of our proposed method to eliminate wastes as shown in Figure
6. From the Table 2, there are 12 possibilities to minimize the wastes.

4.4 Phase 4

Table 2 shown the truth table as the result of our proposed method to eliminate wastes as
shown in Figure 6. From the Table 2, there are 12 possibilities to minimize the wastes.
When,

|4=1, Ii=1,=15=0 and W3:l, W1=W,=0
|4=1, l1=1,=15=0 and szl, W1=W3=0
|4=1, l1=1,=15=0 and lel, W,=W3=0
|3=1, Ii=1,=1,=0 and W3:l, W1=W,=0
|3=1, Ii=1,=1,=0 and szl, W1=W3=0
|3=1, Ii=1,=1,=0 and lel, W,=W3=0
|2=1, 11=13=14,=0 and W3:1, W1=W,=0
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|2=1, I,=1s=1,=0 and szl, W1=W3=0
|2=1, I,=1s=1,=0 and lel, W>o=W3=0
|1=1, 1,=13=1,=0 and W3:l, W1=W,=0
|1=1, 1,=13=1,=0 and szl, W1=W3=0
|1=1, 1,=1s=1,=0 and lel, W>2=W3=0.

Table 2 : Truth table of Wastes Possibilities

I1 I2 I3 la | Wi | W2 | W3 | P
0 0 0 1 0 0 1 1
0 0 0 1 0 1 0 1
0 0 0 1 1 0 0 1
0 0 1 0 0 0 1 1
0 0 1 0 0 1 0 1
0 0 1 0 1 0 0 1
0 1 0 0 0 0 1 1
0 1 0 0 0 1 0 1
0 1 0 0 1 0 0 1
1 0 0 0 0 0 1 1
1 0 0 0 0 1 0 1
1 0 0 0 1 0 0 1

The future state maps can be drawn based on the probabilities that obtained from the
proposed method. Figure 7 illustrated an example of a future state map constructed based on one of
the possibilities. The minimum wastes can be obtained when 1.=1, 11=1,=1s=0 and Ws=1,
W1=W,=0. Consequently, the output obtained from the previous phase used to create the new state
map known as the future state map.

RECEIVING .
BAY PRODUCTION
LINE

" ] t
* &
\ TRANSPORTATION 2= T2
TRANSPORTATION 1=T V

STATIOND

WAITING 3

Figure 7 : lllustrative Example of a Future State Map

In this study, 7 activities are being used to create the truth table based on the Boolean
diagram in Figure 5 where 2 activities are excluded since those activities are unavoidable activities
in the warehouse. This will create 128 combinations of activities. From the entire combinations, 12
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possibilities are identified as the combination that can be considered as the most minimum number
of wastes which consist of 4 activities.

V. DISCUSSION

The accumulation of wastes in the warehouse is one of the factors that affect the operational costs
of the companies. The companies need to bear the cost to keep the existing wastes in the
warehouse, and this will result to the increment of the operational costs. This situation will
contribute to the higher product’s prices plus the companies become less competitive in the current
market.

In this study, 128 combinations were obtained from the truth table and among of them,
there are 12 possibilities can be identified as the combination that contains the most minimum
amount of wastes. However, the future state map still can be made based on the remaining 116
combinations if still there are any activities that cannot be removed from the warehouse. Thus, the
continuous improvements are needed to simplify the wastes to produce a better future state map
from time by time, and this will contribute to the sustainability for the operation of the warehouse.

VI. CONCLUSION AND FUTURE WORKS

We would like to apply this method to the real situation and by using actual data as future progress.
We believed that the input from this research could be used as a guideline in the automotive
industry to identify and eliminate the wastes in the warehouse. We also would like to propose a
method that can cater for the time consumed in every activity which differs from a station to
another. The method will make the time at each station are equivalent to each other. Thus, the time
will applicable with the proposed method that been described in this paper.
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