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ABSTRACT

To ensure just-in-time shipments from a general non-automated retail-cross-docking center, different
items must be handled efficiently by different processes despite the many inbound shipments and frequent
demand orders from retail stores. In this paper, a systematic and flexible procedure is proposed that effi-
ciently provides critical decision-making support to logistics managers to help them understand and vali-
date the material handling operation at a real retail-cross-docking center. The proposed procedure consid-
ers dynamic logistics operation information, such as inbound schedules of suppliers, demand data from
retail-chain stores, and individual operator schedules. This detailed data is required for the performance of
simulation. In addition, the procedure is applied to an actual non-automated retail-cross-docking center to
confirm its effectiveness. Furthermore, the proposed method was found to be both practical and powerful
in assisting logistics managers with their continuous decision-making efforts.

1 INTRODUCTION

In a cross-docking operation, the incoming shipment is unloaded, broken down, and immediately reas-
sembled in outbound shipments to their respective stores (Cooper 1994). The primary objective of cross-
docking is to eliminate storage, excessive handling, and lead time while minimizing transportation and
storage costs and maintaining a high level of customer service.

Over the past decade, cross-docking appeared primarily in the retail distribution environment (Kul-
wiec 1994). At present, many retail-cross-docking centers are still non-automated because flexibility is
needed to handle the increasing variety of inbound items, which depending on how small the quantities
are, may require different operation rules. Non-automated retail-cross-docking centers are facing more
challenges than ever in today's competitive environment. For example, many suppliers must be managed
and coordinated by a single cross-docking center to satisfy customer demands; each item type must be
handled by different processes to optimize the operations within a non-automated retail-cross-docking
center. Hence, to increase customer service level satisfaction, a cross-docking center must ship frequently,
which requires a high volume of items that must be handled quickly. In this environment, the effective-
ness and efficiency of operations and execution has a significant impact on the customer service and the
profitability of the entire supply chain. This study incorporates a flexible simulation-based approach in a
critical decision-making support tool to understand and validate the material handling operation at a typi-
cal non-automated retail-cross-docking center from a practical point of view.
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2 BRIEF LITERATURE REVIEW

Simulations have traditionally been used as a decision-making tool for logistics operations to allow conti-
nuous operations. Many studies have used a simulation to model a storage and retrieval system (AS/RS)
(Harmonosky and Sadowski 1984, Medeiros, Enscore, and Smith 1986, Muller 1989, Takakuwa 1994,
Takakuwa 1995, Takakuwa 1996, Burnett and LeBaron 2001, Macro and Salmi 2002, Amato et al. 2005,
Gebennini et al. 2008, Johnson et al. 2009). In particular, Takakuwa et al. (2000) reported that it is much
more difficult to build simulation models for a non-automated distribution warehouse. Zhou, Setavorap-
han, and Chen (2005) discussed the conceptual simulation modeling of warehousing operations com-
monly seen at the general merchandise distribution centers. Takakuwa et al. (2000) and Medina et al.
(2009) applied simulation models to a complicated non-automated distribution warehouse. All the men-
tioned papers demonstrated that simulations are a powerful and pragmatic tool for analyzing automated or
non-automated warehouse operations. The simulation-based approach has also played a significant role in
analyzing performance at cross-docking centers. There are several studies where simulation modeled a
cross-docking system (Rohrer 1995, Magableh and Rossetti 2005, Liu and Takakuwa 2009). The purpose
of this paper differs from previous research because a simulation-based approach is used to analyze the
material handling operation at a typical non-automated retail-cross-docking center.

This paper discusses a simulation-based approach that provides critical support that helps logistics
managers make efficient management decisions. First, the basic description of the operations and goods
flows at a cross-docking center is discussed. Then, a systematic and flexible procedure is proposed and
validated on a material handling operation at an actual retail-cross-docking center. The procedure uses
dynamic logistics operation information, such as inbound schedules of suppliers, demand data of retail-
chain stores, and individual operator schedules. The procedure is applied to an actual cross-docking center
to confirm its effectiveness. The proposed method was found to be both practical and powerful in assist-
ing managers with their planning efforts.

3 BASIC DESCRIPTION OF THE CROSS-DOCKING CENTER

3.1 Operations

A general view of a cross-docking center is shown in Figure 1. In this study, the cross-docking center of
HAMAKYOREX Co. Ld, which handles fresh, chilled foods, such as beverages, soft drinks, and sweet
desserts, is investigated. At this cross-docking center, the daily operation activities are critical to manag-
ers, where operations are ongoing for 24 hours a day, 7 days a week, and 3 shipping services per day. All
of the approximately 300 items must be received, sorted, and shipped to 236 stores across the Tokai re-
gion of Japan by a given time. For instance, the first service starts at 12:45 AM, and all operating activi-
ties must be finished before 7:45 PM, referred to as the “limit time for 1st service”, to ensure that all items
can be shipped on time. According to the logistics manager, over 110,000 vats (a vat is a standard con-
tainer of items) of throughput were handled each day of last year. Figure 2 shows the schematic operation
flow at the cross-docking center. The different items from multiple suppliers are unloaded, received, and
sorted. Sorting is accomplished in two sequential steps called the preparation (prep.) sorting process and
the sorting process. In the prep. sorting process, items are sorted according to their distribution zones.
Next, the sorting process sorts items according to their store destination within a distribution zone. After-
wards, the completion operation is conducted, and then the merchandise for each chain store is loaded in
turn.

Several operating rules are firmly established according to the content of products, packing materi-
als, and inbound quantities to ensure smooth operations at the cross-docking center. For instance, if the
products are beverages and are too heavy to be transported easily, the prep. sorting process is combined
with its checking process. If the packing material is cardboard, then unpacking the cardboard is required
in its prep. sorting process. If the inbound quantity is small, then checking and sorting are performed at a
special handling station to avoid operation confusion with other products. Hence, the following general
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products (merchandise mix) can be classified according to their required operating rules: (1) beverage
products; (2) returnable-packing products; (3) cardboard-packing products; (4) small-quantity-order prod-
ucts. Besides the general products, fresh products are highly perishable and time sensitive goods and are
therefore sorted by the fresh products factory beforehand, arriving at the cross-docking center as final
products.
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Figure 1: Part of the Animation That Shows a General View of a Cross-docking Center
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Figure 2: Operation Flow of the Cross-docking Center

At this cross-docking center, there are two operator groups. The prep. sorting group is assigned the
checking, prep. sorting, and completion operation while the sorting group is assigned the sorting opera-
tion. The cross-docking center has an adopted digital sorting system that improves the performance of the
sorting group. However, the manager wanted to improve the performance of the prep. sorting process by
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introducing better scientific management tools. This paper emphasizes the prep. sorting operation and

takes into account the skill levels of the prep. sorting group members. The operator skills of a prep. sort-
ing group are shown in Table 1.

Table 1: Skill Types for Operators

Operations Type A Type B Type C
Checking Operation — — O
Prep. sorting Operation O O O
Completion operation (document filing , cleaning — O O

Note: O is operation types of operators can do.

3.2 Essential Process Flows

In this section, the essential process flow is identified so the material handling at a typical non-automated
cross-docking center can be characterized. The checking and preparation sorting operations are the two
essential process flows that are typically performed in a retail-based cross-docking system and are shown

in Figure 3.
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Figure 3: Essential Process Flows

Each process flow contains a sequence of activities performed by two sets of shared operator groups.
All operating activities must be completed in a fixed amount of time so items for each store are shipped
on time. From Figure 3, the checking operation begins when one item is unloaded from an inbound truck.
An assigned operator will then count the inbound quantity and sign for the inbound documents, called the
“checking operation”. Following this step, the prep. sorting operation is performed, which consist of the
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following two operating activities: (1) sorting by distribution zone for general merchandise, which in-
cludes small-quantity-order products; returnable-packing products; cardboard-packing products and bev-
erage products; and (2) pasting labels for fresh products. In the prep. sorting operation, the completion
operation, which includes inbound document filling and clearing, is also implemented. The sorting opera-
tion follows the prep. sorting operation and consists of the following two operating activities: (1) sorting
by store at distribution zones; and (2) pasting labels of each store for general merchandise.

4 PROCEDURE AS A DECISION-MAKING SUPPORT TOOL

4.1 Proposed Procedure

Computer simulation is a methodology that can be used to describe, analyze, and predict the performance
of a complex system without limiting assumptions. The objective of this study is to propose procedures,
which uses dynamic logistics operation information, that would act as a decision-making support tool for
managers. The procedures would help managers understand and validate the material handling operations.
As shown in Figure 4, the procedures to validate and improve the material handling operation are ite-
mized as follows:

( Begin )

1. Is there new merchandise scheduled
to be received ?

2. Collect and input the information of the new product attributes. (Table 3)

4. Is there new supplier inbound schedules
or schedules need to be modified ?

5. Collect (or modify) supplier inbound schedules. (Table 5)

6. Collect (or modify) operator schedules. (Table 6 and 7)
v

7. Perform simulation model

v

8. Support decision-making by analyzing output data

9. Is the result of performance analysis satisfied ?

( End )

Figure 4: Proposed Procedure to Seek the Optimal Solution
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[Step 1] If there are new products to be received, go to Step 2. Otherwise go to Step 3.

[Step 2] Collect and input the new product attributes information based on the operation rules, as de-
scribed in section 3.1.

[Step 3] Input the order data from the customers (typically from retail stores) obtained from the logistics
information system (LIS) of the cross-docking center.

[Step 4] If there are new truck inbound schedules or schedules that need to be modified, go to Step 5.
Otherwise go to Step 6.

[Step 5] Collect or modify supplier inbound schedules.

[Step 6] Accept each operator’s request for working hours in advance.

[Step 7] Perform a simulation to observe the material handling operations animation.

[Step 8] Obtain simulation results for management decision making.

[Step 9] If the result from the performance analysis is acceptable (improves performance of the material
handling operations), terminate the procedure. Otherwise return to Step 5 and adjust the supplier
inbound schedules.

4.2 Simulation Logic

A simulation model of material handling for the retail cross-docking center was created using the simula-
tion package, Arena (Kelton, Sadowski, and Sturrock 2007). To analyze the operating time of the essen-
tial process flows, all operations were recorded within the cross-docking center with a video camera for
the first service for five days. Based on the video analysis, selection times were analyzed with Arena in-
put analyzer. Selected parts from the simulation logic at Step 7 are shown in Figure 5. By performing a
simulation, the man-hour requirement for each operating activity for each work-hour is outputted. The re-
sulting ending times for each operation are compared to the actual system behavior obtained by video to
validate the simulation model.

Start Small-quantity-order Products=1 Yes

No

Beverage Products=1

No

Read data:

1. Data of product attributes

2. Data of order quantities from stores
3. Data of supplier inbound schedules
4. Data of operator schedules

Calculate the number of four-wheelers Quantity checking
required to be added (for Small-quantity-order Products)

I I l

‘ Quantity checking

‘ Waiting until the Arrival Time ‘ Convey products to Prep. Sorting Station ‘ Add four-wheelers ‘ ‘ Convey to Special Handling Station ‘
‘ Truck entering the yard ‘ Release the operator for checking operator ‘ Quantity checking and pre. sorting ‘ ‘ Release the operator for checking operator
: I I I
s g 1 oic idle 5 q Convey products to Prep. Sorting Over o :
‘Waiting until dock is idle Request an operator for prep. sorting Stati Request an operator for prep. sorting
ation
I : I I
. e e ’ N . Prep. Sorting
‘ Seize the dock ‘ ‘ Unpack cardboard ‘ ‘ Release the operator for checking operator ‘ (for Small-quantity-order Products)
. 5 . Waiting until pre. sorting for all “General
Unload by the d Prep. sorting cs S g s
‘ nload by the driver ‘ ‘ rep. sorting ‘ ‘ Request an operator for prep. sorting ‘ Products” is over?

: I I I

Calculate the required number of roll- : R . . .
box-pallets and four-wheelers Convey products to Prep. Sorting Over Station Convey products to Sorting Station Convey products to Sorting Station
‘ Release the dock ‘ ‘ Release the operator for prep. sorting ‘ ‘ Release the operator for prep. sorting ‘ ‘ Release the operator for prep. sorting ‘

l I

‘ Request an operator ‘

‘ Assign an operator for checking operation

\— ‘ Convey products to Sorting Station ‘

I

‘ Release the operator ‘

Figure 5: Selected Parts of Simulation Logic
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5 APPLICATION

5.1 Data Collection

Several selected parameters that relate to the essential process flows are shown in Table 2. At Steps 1 and
2, the new merchandise attributes were collected and inputted, which were analyzed to build the simula-
tion model, as shown in Table 3. Proceeding to Step 3, Table 4 shows the order data from customers
(namely from retail stores) obtained from the logistics information system (LIS) of the cross-docking cen-
ter. At Steps 4 and 5, the new truck inbound schedules are confirmed and added. The arrival times of sup-
pliers are shown in Table 5. To perform a simulation, each operator’s request on working hours should be
accepted in advance by the logistics manager at Step 6, as shown in Table 6. In Table 6, the two columns
that are highlighted as blue are used to set the durations spreadsheet window in Arena at Step 5. Together
with the declared time interval number, as shown in Table 7, the simulation model can be performed au-

tomatically.
Table 2: Selected Parameters
Performance Parameters Unit
Checking for beverage products TRIA(0.72,1.33,1.95) Min./Pallet
Checking Checking for products with returnable or cardboard packif TRIA(0.51,0.60,0.73) Min./Pallet
operation Checking for small quantity orders TRIA(0.19,0.20,0.25) Second/Piece
Adding four-wheelers for beverage products TRIA(0.22,0.27,0.32) Min./Pallet
Unpacking cardboard TRIA(0.23,0.93,1.86) Min./Pallet
Prep. sorfin Prep. sorting for returnable or cardboard packing TRIA(1.34,2.16,3.27) Min./Pallet
ope;ration & Prep. sorting for small quantity orders TRIA(0.07,0.1,0.12) Min./Piece
P Return a roll-box-pallet TRIA(0.44,0.56,0.78) Min./Pallet
Take a four-wheeler TRIA(0.43,0.47,0.55) Min./Pallet
Load to a cart TRIA(0.20,0.50,1.00) Min./Item
Sorting operation | Scan barcode of products TRIA(0.12,0.17,0.24) Min./Item
Sorting TRIA(1.39,2.76, 4.1) Min./Piece
* Note: TRIA(Min, Mode, Max)
Table 3: Product Attributes
Product code Supplier [Small quantity Beverage Returnable packing Ren'lmable Maximum case PCS in bos
code orders=1; products=1; =1; Cardboard container type |quantity on one four-
1721089 15 0 0 1 11 7 24
1721133 15 0 1 1 4 10 20
1748307 15 0 1 1 4 10 20
1748314 15 0 1 1 4 10 20
1748321 15 0 1 1 4 10 20
1748352 15 0 1 1 4 10 12
1748369 15 0 1 1 4 10 12
1748376 15 0 1 1 4 10 12
1930061 15 0 0 1 10 10 20
1730067 12 0 0 0 - 64 12
Table 4: Demand Data from Stores
Product codq Store 1 | Store 2 | Store 3 | Store 4 | Store 5 | Store 6 | Store 7 | Store 8 | Store 9 | Store 10 Store 236
1721089 4 3
1721133 6 5 3 3 5 6 5
1748307 3 3 3 4 3 3 3
1748314 4 4 3
1748321 3 3 3 5 4 3 3
1748352
1748369
1748376 3 4 3
1930061 10 3
1730067 9 3 3
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Table 5: Arrival Time of Suppliers

Supplier code Arrival time
001 1345
002 1320
003 1245
004 1340
005 1600

Table 6: Operator Schedules

Operator No. Operator Name Skill-type Beginning Time Finishing Time Working Quarterhours Working Hours
1 Operator_1 3 0 26 26 6.50
2 Operator_2 2 1 27 26 6.50
3 Operator_3 3 2 12 10 2.50
4 Operator_4 1 2 19 17 4.25
12 Operator 12 2 2 19 17 4.25

Table 7: Declared Time Interval Number

Time | 12:45 | 13:00 | 13:15 | 13:30 | - | 19:45
Declared Number | 0 | 1 | 2 | 3 | [ | 28
5.2 Performance Analysis

By performing the simulation at Step 7, an animation along with dynamic statistics and graphs provides a
general view of the system operation. The animation model used in this study was constructed with Arena
3D player, as shown in Figure 1. The animation of the material handling operation can be validated by
comparing with the actual system performance.

A Gantt chart of operation status by statistics in Arena is shown in Figure 6. From the figure, the be-
ginning and ending times for each item from each supplier can be estimated, and the operation risks can
be examined, which estimates whether all the operation activities can be finished on time.

Checking Operation

Prep. Sorting Operation (G

17“ 16:35 17:58 18:01 1847 18:46 19:06
13:20 e
- 13:41
16 14:55
R 15:16 ; ;
15] 1302 Completion Operation
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R 15140 F
12 R 1354
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o, R 1504
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_ 16:38
5 16:13 i
O 14:20 3
4 13:41 i
O 1335 i
S REES R 1100
2 13:22
R 1518 §
1 13:46
v
12:45 13 14 15 16 17 18 19 19:45

Time (o’ clock)

Figure 6: Operation Status (Gantt Chart)
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After the simulation, the 95% confidence intervals for the average percentage of the inbound dock
utilization and the scheduled utilization of the prep. sorting operators are outputted, as shown in Figures 7
and 8, respectively. The confidence intervals provide the critical decision-making support about inbound
schedules and operators shifts for the logistics managers. The man-hour requirement for each operation at
each work-hour is obtained, as shown in Figure 9. According to the results, the peak time for checking
operation appears during the 2nd work-hour, while the peak time for prep. sorting operation appears be-
tween the 2nd and 4th work-hour. This result can be used to examine the balance of operation loads at the
cross-docking center. These results show that the simulation based approach can provide a flexible tool
for logistics managers to optimize the operations of the material handling operation, especially when un-
der dynamic and complicated circumstances.
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6 CONCLUSIONS

A simulation model of the material handling operation was constructed and used to improve the perfor-
mance and reduce loads of operations for a typical non-automated cross-docking center within a retail en-
vironment.

A systematic and flexible procedure for the consecutive operations of material handling was de-
scribed as a decision-support tool that provides critical support for logistics managers. The procedure
considers the dynamic logistics operation information.

The proposed procedure was applied to an actual cross-docking center. Material handling was mod-
elled by a simulation to analyze the performance of operations. The results showed that the proposed pro-
cedure is both practical and powerful in assisting logistics managers with their continuous and efficient
decision-making efforts.

In future research, other indicators will be analyzed as a performance measure to improve congestion
of both merchandise and operators within the cross-docking center.
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