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Abstract

In this paper, in view of the poor delivery efficiency of the warehouse, the
theoretical analysis and mathematical modeling are closely linked by collect-
ing and statistics data of a large number of data from single storehouse and
single warehouse. The qualitative analysis and quantitative calculation are
combined with a large number of actual data obtained by actual operation.
Based on this, a discriminant model of the outgoing mode based on EIQ
analysis is established to solve the data into the model. It can be seen from the
verification results that the error of the time difference of the way out of the
warehouse can be less than +25 s, and it can be proved that the model is prac-
tical and reasonable in the selection decision for the way of out of the store-
house, and can provide reference for the selection of a batch order. Finally,
the optimized scheme of the outlet of the solid warehouse is obtained, which
improves the warehouse outgoing efficiency.

Keywords
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1. Introduction

After investigation of the logistics distribution center, after re-planning the trav-
eling route of the stacker crane and the related strategy of using the partitioned
storage, these practices have improved the operating efficiency of the stacker
crane in the three-dimensional warehouse, but there are still many problematic
limitations. The warehouse efficiency of a three-dimensional warehouse, for
example:

1) After the RGV trolley is running, the speed is slower. Selecting the goods to
be reassembled and then passing through the RGV trolley can be stored in the
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warehouse, resulting in a very low effective delivery.

2) If a warehouse is single-selected and warehoused, the number of operations
will be many, it will take a long time and the efficiency will be low. If the com-
bined orders are shipped out, although the number of operations is reduced,
secondary sorting is also required using the wave sorting system, which increases
costs. Therefore, for automated warehouse, there is no effective way to identify
the outgoing mode.

Based on the above reasons, this paper according to the actual operation of the
logistics distribution center, analyzes and explores the efficiency of the ware-
house out of the warehouse in the course of the actual operation of the logistics,
and takes the EIQ strategy as the theoretical basis for the solution. At the same
time, the mathematical model is set up according to the data obtained by the
EIQ analysis. After modeling, it is verified in the virtual central system.

The structure of the article is as follows. The introduction part explains the
reason why the warehouse of the three-dimensional warehouse in the logistics
distribution center is not efficient. Then the first part of the problem description
introduces the key to solving the efficiency of the outbound library area. The
EIQ analysis is used to establish the judgment model of the outbound method,
so that the appropriate outbound method can be selected according to different
orders, and the outbound operation time can be reduced. In the second part,
based on the data obtained from the EIQ analysis of the order information, a
judgment model based on EIQ analysis is established. In order to prove the ra-
tionality and practicability of the model, the third part verifies the correctness of
the model by substituting the actual order information. The final conclusions
show that the research improves the warehouse outbound efficiency and the ser-
vice quality of the enterprise, which can provide certain reference value for the

practical problem solving of the enterprise.

2. Problem Description

How to improve the efficiency of warehouse picking operations for three-dimen-
sional warehouses, mainly to select the appropriate way out of the library, reduce
the time of outbound operations and other aspects began to analyze. Accord-
ing to the analysis of the current warehouse and the running characteristics of
the warehouse, it is found that the key to the efficiency of the three dimen-
sional reservoir area is how to effectively reduce the time of the outgoing op-
eration.

After comparing various methods for reducing work time, it was found that
combining EIQ analysis to establish a judgment model is the most suitable me-
thod to solve this problem. The specific operation is to select an order within a
certain period of time according to the window-by-window batch method, and
to test the order of the time period, and compare the two orders of delivery me-
thod: single order delivery and combined order delivery.

The analysis and test results show that the two delivery methods are applicable

to different types of orders, rather than the absolute type of high efficiency.
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Therefore, the selection of the delivery method should be selected based on the
characteristics of the order within the time period. For the analysis of the order
characteristics, the most commonly used is the EIQ analysis, that is, the analysis
of the quantity of the order items. Use the three logistics key elements “E” (or-
der), “I” (item item), and “Q” (quantity) analyze the order, thus providing the
basis for the choice of the way out of the library [1]. Based on the data obtained
from the EIQ analysis and combined with the time data obtained from the test in
the virtual simulation system, an abstract simplified model was established to

determine the specific order of a lot of orders.

3. Mathematical Model
3.1. Model Construction Analysis

Orders within a certain period of time are suitable for single-order delivery or
combined order delivery. They need to be selected according to the characteris-
tics of the order within the time period. Therefore, in order to increase the effi-
ciency of the logistics center, it is necessary to first check the period of time. The
characteristics of the internal orders are analyzed, and the most efficient out-
bound delivery method is selected based on the analysis results.

The time required for each step out of the warehouse is related to the order
items, order quantity, and other information. Assuming that the worker's opera-
tional proficiency is fixed, only the order information is needed to determine the
optimal shipping method and the fastest shipping time. Based on the data ob-
tained from the EIQ analysis of the orders, a multivariate functional relationship
was established to associate the order information with the time spent in the
warehouse and a certain relationship was established between the two. As long
as you know the details of the order, you can use this function to get the time
required for the delivery.

In terms of the characteristics of shipments, logistics centers often have fea-
tures such as indefinite shipping time, short lead times, and large changes in
shipments. Traditionally used methods for total and average analysis have often
resulted in large differences from actual results. By establishing an EIQ analysis
model, the principles of data analysis can be mastered, and through effective da-
ta statistics and further related analysis, the process of analysis can be simplified
and actual useful information can be grasped. To provide a data base for estab-
lishing the shipping mode judgment model [2].

1) Model assumption:

a) Items of all orders are stored in the three-dimensional library area.

b) The operational proficiency of each staff member is not affected by the ex-
ternal environment.

¢) Each the same time the goods arrive at the port of delivery from the logis-
tics area.

d) The outbound goods are in the smallest unit.

2) Symbol Description (Table 1)
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Table 1. Symbol interpretation table.

Symbol Significance
E,(m=1,2,3..) Orders
I,(n=1,2,3...) Food items
Qun The number of nth orders for the mth order
N Total shipment items
GN The number of orders shipped items accumulated times

3) Data acquisition and processing

a) Determination of the time range for order batching:

When conducting the EIQ analysis, first of all, the time range and unit must
be considered. According to the time-window batch method principle, orders in
one day are batched. From the operation data analysis of the logistics center, we
know that the number of daily operation orders Etotal in the logistics center is
approximately 130. The daily working hours are from 8 to 19:00 and the total
time 7'is 11 hours. Too many batches, the processing is troublesome and batch
results are not too large meaning; too few, there are more orders per batch, and
the order waits longer.

e If the time window is set to 40 minutes, the daily order divided into 16.5
batches, with an average of 7.879 sheets per batch single.

e If the time window is set to 30 minutes, the daily order divided into 22
batches with an average of 5.909 orders per batch.

e Calculate If the time window is set to 20 minutes, the daily orders are divided
there are 33 batches with an average of 3.939 orders per batch.

¢ From the analysis of the calculation results, we can see that the time window
is set to 40 minutes, and there are many orders for each batch. It is trouble-
some to process the orders. Set the time window to 20 minutes, the batch in
one day the number of times reached 33 batches and the number was larger.

e Through the statistical analysis of the order data and the actual operation
experience of the workers, the time window is set to 30 minutes after com-
prehensive consideration, that is, every 30 minutes to receive a batch of or-
ders.

b) EIQ database statistics: Assume that from 8 o’clock to 8:30pm. The flow
center received a number of orders, and statistics were made on the order in-
formation of the first batch. Outbound orders £, (m =1,2,3,---) were included
in the batch. There are shipping items involved in all orders [, (n=1,2,3,---)
The Q,, = Quantity (Order E,, Item /,) symbol represents the number of items
ordered by a single order [3]. The statistics of the orders are plotted in a table, as
shown in Table 2.

Based on the above analysis results, the following analysis can be carried out.
From the data in Table 2, the following types of analysis can be performed:

e Order Quantity (EQ) Analysis: Single-sheet order quantity analysis [5].
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Table 2. EIQ statistics for the first batch of orders on a certain day.

o Shipment items (‘)rder Order
Shipping order shipment |
4 L L 4 oo Z, quantity tems
El Qll QIZ 013 Ql4 an DQl ]vl
EZ QZI QZZ QZS 024 QZIZ D QZ ]\/2
E3 QSI QSZ 033 034 QSIZ D Q3 ]\/3
E4 Q4l Q42 043 Q44 Q411 D Q4 Ml
E, Qm Qe Qus Qum Qun DQ,, N,
Single product
b o e e E, Q N
shipment
.5'111g1'e product K K, K, K, K, i K[4]
shipments

e Analysis of the number of ordered items (EN): Analysis of the number of
single-order items shipped.

e Item Quantity (IQ) Analysis: Analysis of the total quantity shipped for each
item.

e Analysis of Item Acceptance (IK): analysis of the number of shipments per
single item [6].

e According to the purpose of the EIQ analysis of the order, the analysis of the
order item number (EN) is beneficial to the selection of the exporter of the
batch of orders [7].

¢) Analysis of the number of items ordered (EN): The analysis of the number
of items of orders (EN) mainly understands the distribution of the number of
items ordered for each order, has a great influence on the principles of order
processing and the planning of the picking system, and will affect the planning
of shipping methods and shipping areas. It is usually necessary to coordinate
with the three indicators of the total number of items shipped, the cumulative

number of items shipped items and the total number of items.

3.2. Establishing the Outbound Mode Judgment Model

1) Adopt single-by-one method.

According to Gantt chart analysis and the process of single outbound opera-
tions, the total time required to complete a single order for a single batch of or-
ders is 7, mainly includes order processing time 7;, stereo shelf operation time

T,, cargo removal time 7;, review, packaging, labeling and handling time 7.

T, =min(7,+ T, + T, +T,) (1)

a) Order processing time T}: In the virtual simulation system, the processing
time of an order is tested. From the time the computer is started to leave the of-
fice for processing time, the average value is calculated after five tests. The test

data is shown in Table 3.
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Table 3. Processing time of an order.

Number of trials 1 2 3 4 5 Average value

Time (s) 59 62 65 68 64 63.6

Calculate that the average processing time of an order is #, = 63.6 s and the or-
der processing time is
I =m-t, (2)

b) Stereoscopic shelf operating time T,: Stereoscopic shelf operation time 7; is

the sum of the stereo shelf life of all orders.
T, =Zt2m (m:1,2,3,~-) (3)

Testing each order of three-dimensional shelves in a virtual simulation system
running time £,m, starting from the stereo racking work to the RGV trolley deli-
vering the trays to the tray opening, plus the time for the goods to be sent back to
the stereoscopic storage area for the three-dimensional shelf after the disc remov-
al is completed, excluding the time for the cargo to be removed. Assuming that
each cargo arrives at the same time from the cargo space to the cargo port, the
cubic shelf operation £,m of the m-th order E,, is related to the number of items
N, of the order. Add five orders for testing by yourself. Test data and results are
shown in Table 4.

From the test data, it can be seen that the running time of an order’s three-di-
mensional shelf has a linear relationship with the number of items shipped in the
order.

t,m=a,-N, +b (4)

According to the data obtained from the test, a linear regression method was
used to fit the data. The parameters 2, = 72 and b, = 44.4 were calculated. The
fitting curve is shown in Figure 1.

¢) Cargo removal time T: In the virtual simulation system, test the time re-
quired for disc removal 73, and add the order for five experiments. The total
shipments in the five experiments were set to 5, 10, 15, 20, and 25 boxes. The test
results are shown in Table 5.

In the case of constant operator proficiency, the goods are removed time is ap-

proximately linear with total shipments
T,=a, - O+b, (5)

Fit a linear regression to get the fit of Figure 2. a,=7.1, b, = 1.7

d) Review, packing, labeling and handling time T,: Tests are carried out in a
virtual simulation system, from the time when the goods are transported to the
recheck port through the conveyor belt and the storage cage is pushed to the exit
port for a time of review, packing, labeling and handling. Add orders by yourself
and conduct 5 experiments. The test data is shown in Table 6.

According to the operation flow and actual test data analysis, the review,
packing, labeling, and handling time ¢, of each order is approximately linear with
the order shipment DQ.,,.

DOI: 10.4236/ajibm.2019.98106

1630 American Journal of Industrial and Business Management


https://doi.org/10.4236/ajibm.2019.98106

S. Wang et al.

Table 4. Stereo shelf run time for an order.

Order number 1 2 3 4 5
Order items 1 2 3 4 5
Stereoscopic shelf operation Time (s) 132 169 265 319 417

Table 5. Deconsolidation time for different total shipments.

Experiment times 1 2 3 4 5
Total shipments 5 10 15 20 25
Time (s) 46 67 104 134 190

Table 6. Time for reviewing, packing, labeling, and handling an order.

Order number 1 2 3 4 5
Order shipments 2 4 6 8 10
Time (s) 117 134 157 179 212
500

400 y-=72%+444
R?=0.9815
00

operation3

(s) 100 ’/‘

4 5
order items(numf

Figure 1. Three-dimensional shelf life time chart of an order.

200 /
150 y=7.1x+1.7

i R?=0.9739 /
ime
50

L =

0 T T T T
0 5 10 15

20 . 25 30
total shipments(num)

Figure 2. Fitting chart for the time of disc removal and total shipment.

t, =a,-DQ, +b, (6)

According to the test data, the method of linear regression is used fit the line,
and the fit is shown in Figure 3. Calculate the parameter a, = 11.75, b; = 89.3.

Since the review, packing, labelling, and handling of each order starts, the next
order has already started order processing and shipment from the three-dimensional
warehouse, so the total review, packaging, labeling, and handling time 7 only
includes Last order’s operation time.

T, =t, (7)
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250
200 y=11.75x +89.3 .

R? = 0.9864 IQ/’/
150 ‘/’/
time 100

(s) s
0 . . . . . )
b 2 4 & ofder shipr%loents(nur]ig)

Figure 3. Review of packaging, labeling, and handling time and shipments of the review.

2) Merge orders outbound operations:

According to the analysis of Gantt chart and the flow of combined order out-
bound operations, the total time required for the completion of a single batch of
orders using the consolidated order is 7, which mainly includes the order
processing time 7;, and the three-dimensional shelf operation time 7,, Cargo
Removal Time 7;, Wave Sorting System Time 73, Review, Packing, Labeling and
Handling Time 7.

T, =min(L + 7, + T, + T, +15) (8)

a) Order processing time 1;: When using the merge order picking method, the
order processing time 7; of the consolidated order is tested in the virtual simula-
tion system. Orders were added for five experiments on their own. The number
of consolidated orders in each experiment was 2, 3, 4, 5, and 6, the test data is
shown in Table 7.

According to the operation flow and experimental test data analysis, order

processing the time 77 is approximately linear with the order number m

T, =a,m+b, 9)

Fit the data obtained from the test. As shown, calculate the parameter a, = 5.4,
b, = 61.2 (Figure 4).

b) Stereoscopic shelf operating time T, When using the combined order
picking method, the wave order is regarded as an order for one time out of sto-
rage. Therefore, the three-dimensional shelf operation time 7, is linearly related
to the total item number N. The analysis shows that the time and the press re-
lease The data tested in the library has the same rule, ie the parameters a, and b,

are the same.

T, =aN+b (10)

Parameter a, = 72, b, = 44.4

¢) Cargo removal time T, With the proficiency of the operator remaining
unchanged, the time for the demolition of the goods is approximately propor-
tional to the total shipments. Since the total shipments have not changed, the
time for the demolition of the goods is the same as the time for the demolition of

the goods in the single picking mode.
T,=a,-0+b, (11)

Parameter a,=7.1, b, = 1.7.
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Table 7. Consolidation order processing time.

Experiment times 1 2 3 4 5

quantity of order 2 3 4 5 6

Time (s) 73 74 86 88 93
100

% &—’f'w
Time®0
y=5.4x+61.2
(s) 40 R7=0.9263
20
0 T T T T T T d
4 -] 6
0 ! 2 3 quantity”of order (num)

Figure 4. Merge order processing time curve.

According to the analysis of Gantt chart and the flow of combined order out-
bound operations, the total time required for the completion of a single batch of
orders using the consolidated order is 7, which mainly includes the order
processing time 7;, and the three-dimensional shelf operation time 7,, Cargo
Removal Time 7;, Wave Sorting System Time 73, Review, Packing, Labeling and
Handling Time 7.

d) Wave sorting system time Ty:
T,=>t, (12)

The time for the wave sorting of the cargo of item nis #,, this time has the
following relationship with the shipment CQ, and the number of shipments X,
of the item:

t, =as-CO, +b,-K, +c; (13)

To the determination of parameters a;, b;, and ¢ Value, using the control vari-
able method. First set the single product shipment times K, as the fixed value,
change the value of single product shipment CQ,, add the order information by
itself, and test the single product wave sorting time in the virtual simulation sys-
tem £, The test result data is shown in Table 8.

According to the test data for linear regression fitting, the fitting diagram is
shown in the Figure 5.

As shown in Figure 5, find the parameter a; = 9.27

After that, the single product shipment CQ, is set as a value, and the value of
single product shipment times K, is changed, and the single product wave sorting
time £, is measured. The test result data is shown in Table 9.

According to the test data for linear regression fitting, the fitting diagram is
shown in Figure 6, to solve the parameters b; = 25.5, ¢; = 24.

e) Review, packing, labeling and handling time T

After the operation of the wave sorting system is completed, the operations of
review, packing, labeling, and handling are performed. The time 7} is proportion-
al to the order quantity m.
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Table 8. Control item shipment times wave sorting time.

items Super rice cooker Voltage cooker Smart rice cooker IH rice cooker

ingl duct
Su‘zg e pro. : uc 4 4 4 4
shipment times

ingl duct
Sing ‘e produc 4 3 16 24

shipments

Time (s) 129 162 235 314

Table 9. Control item shipment wave sorting time.

items Super rice cooker Voltage cooker Smart rice cooker IH rice cooker

Slt'zgle procli uct 1 5 3 4
shipment times
Singl

1/ ‘e product 4 4 4 4

shipments
Time (s) 52 68 107 124
400

300 y=92712x +53"‘*;'/
. 2 =
time200 ./R.ﬁ
(s) 100

0 T T T T T ]
0 5 10

5. 20 25 30
single product shipments(num)

Figure 5. Control of single product shipment times wave sorting time plot.

150
y=25.5x+24
100 R*=0:9697
time
50
(s)
0 T T T T 1
0 L sin’gle product’shipment times 3
Figure 6. Control item shipments wave sorting time fit graph.
I,=as-m (14)

Add order information by oneself and test the verification, packing, labeling
and handling time 7} in the virtual simulation system, each experiment there are
1,2, 3, 4, and 5 orders placed in the order. Test result data Table 10 shows.

According to the test results, a linear regression fit was performed, and the in-
tercept of the regression line equation was set to zero. The fitting diagram is
shown in Figure 7, with the parameter 4, = 70.873.

3) Objective function:

The shortest outbound time 7 for a batch order is the shortest of the two deli-

very methods.
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Table 10. Review, package, labeling, and handling times for different order quantity.

Experiment times 1 2 3 4 5
quantity of order 1 2 3 4 5
Time (s) 78 162 201 287 349
400

300 y-=70.873x /’

R?=0.9858 /
time 200 /
(s) 100

&
0 T T |
b 1 quarij’tity of or::‘ler(num)5 §
Figure 7. Review of the review, packaging, labeling, and handling time.
T =min(7,,T,) (15)

Comparing the sizes of 7T, and 7, it can be judged which one is out of stock
the efficiency of the method is higher, and the proper way of picking out the

goods according to the characteristics of the order is achieved.

4. Qutbound Mode Judgment Model Test

The outbound mode judgment model is based on the time-separation and sum-
mation of the job flow, and a simplified mathematical model of the actual job
flow is obtained. The parameters of the model are calculated based on the data
obtained from multiple experiments. In order to prove the rationality and prac-
ticality of the model, the correctness of the model is verified by substituting the

actual order information.

4.1. 4 Pre-Recorded Order Inspection Analysis

Four orders pre-recorded by the system are subjected to EIQ analysis. The results
of the analysis are shown in Table 11.

Known order quantity: m = 4, item quantity: n = 4, total shipment quantity: Q
= 44, total shipping item item number: N = 4, total item quantity of all items: X'
= 14, accumulated shipment quantity Number of items: GN = 14. Substituting
the data obtained by the analysis into the outbound mode judgment model.

1) Single outbound inspection

Order processing time 7;:

T, =m-1, = 4x63.6 = 254.4(s) (16)

Stereoscopic shelf operating time 7

T,=Yt,=2.a-N,+b =72x14+444x4=1185.6(s)  (17)

Cargo removal time T;:

Ty=a,-Q+b, =7.1x44+1.7=314.1(s) (18)
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Table 11. EIQ statistics table for 4 orders pre-recorded by the system.

Order items

Shipping order .. Shipment
number  Superrice Voltage  Smartrice IH rice EXportquantity .
cooker cooker cooker cooker
1 2 1 2 6 11 4
2 3 2 0 6 11 3
3 1 1 2 7 11 3
4 3 0 3 5 11 4
Shipments 9 4 7 24 44 4
Shipment times 4 3 3 4 14
Review, packing, labeling and handling time 7
T,=t,=a,-DO, +b; =11.75x11+89.3 = 218.55(s) (19)
By single delivery time 7
T, =min(7;+ 7, + T, +T,) =1972.65(s) (20)
2) Merge orders checkout method
Order processing time 7;:
T, =am+b, =54x4+612=828(s) (21)
Stereoscopic shelf run time 75:
T, =a,N+b =72x4+44.4=332.4(s) (22)
Cargo Removal Time T;:
Ty=a,-Q+b, =7.1x44+1.7=314.1(s) (23)
Wave sorting time 7:
Ty =)t5,=> (as-CO, +bs-K, +cs) (24)
=209.43+137.58+165.39 +348.48 = 860.88(s)
Review, packing, labeling and handling time 7:
T, =as-m=70.873x4=283.492(s) (25)
Consolidated order leaving time 77
T, =min(T, +T, + T, + T, + T, ) =1873.672(s) (26)

According to the calculation results, the combined order delivery time 7}, to

be slightly less than the single delivery time 7, so choose to merge orders out the

method is more efficient.

4.2. Analysis of Model Test Results

The time calculated using the model is compared with the data obtained from

the actual experiment. The results of the comparison are shown in Table 12.

From Table 12, it can be seen that although the time used to calculate the time
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Table 12. Comparison between the time calculated by the four pre-recorded order mod-
els and the actual time.

Calculate the time data Actual experimentally Time error Error rate

using the model measured time data
Single delivery time 1972.65 1721 251.65 14.62%
Merge with time
. 1873.672 1645 228.67 13.90%
of delivery
Time difference
98.978 76 22.97 30.23%

of delivery

spent and the actual life there is a certain degree of difference, about 15%, but
the use of this model to calculate the results of the difference between the library
time is realistic, the gap About 25%.

The main reason for the error rate of 30.23% for the time difference between
the four types of orders for the pre-recorded orders of the system is: the time dif-
ference between the two types of orders for this batch of orders is not significant.

The time difference of the way out of the warehouse is within +25 s, and it can
be tested that the model has certain practicability and rationality in the selection
decision for the way out of the warehouse. It can provide a reference for the

choice of a batch order outbound mode.

5. Conclusion

Based on the actual operation of the logistics distribution center, this paper analyzes
and explores the inefficiency of the three-dimensional warehouse in the actual op-
eration of the logistics. It is found that the key to solving the outbound efficiency
of the three-dimensional warehouse area is how to effectively reduce the outbound
storage. After the operation and comprehensive analysis of various methods to
reduce the working time, it was found that the combination of EIQ analysis and
the establishment of the judgment model is the most suitable method to solve
this problem. Therefore, when selecting the problem of the three-dimensional
warehouse shipping mode, the statistics of a large number of outbound and
outbound orders are collected and collected, and a discriminant model based on
the EIQ analysis is established. It is verified that the error calculated by the mod-
el is less than +25 s in the time difference of the outbound method compared
with the data obtained from the actual experience. It can be proved that the
model has certain practicality in the selection decision for the outbound mode.
Sexuality and rationality can provide a reference for the selection of a batch or-
der delivery method. As a result, the warehouse outbound efficiency and the ser-
vice quality of the enterprise are improved, and the company is saved more costs.
Therefore, from a comprehensive perspective, this research program can provide

a certain reference value for the solution of the actual problems of enterprises.
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