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Abstract. It is inevitable that the dynamic is occurs in the operation of the
production logistics (PL). Production logistics synchronization (PLS) can solve
the dynamic of production logistics operation process by collaboration the both
or among of the production, shipping and storage. Cloud manufacturing mode
can quickly respond to the shortage of resources in the production logistics oper-
ation process, and provide cheap cloud resource services, such as cloud forklift.
This paper is aimed at the problem for the dynamic of production logistics oper-
ation, and the dynamic of production logistics is classified. The PLS mechanism
and cloud-based PLS information framework are established. By using collabo-
ration optimization (CO) method, the optimization method of PLS is put forward.
Finally, the PLS optimization model of production and storage is presented with
an industrial case, and the effectiveness is also demonstrated and analyzed.

Keywords: Production logistic synchronization; Dynamics; Cloud manufactur-
ing; Collaborative optimization.

1 Introduction

Production logistics (PL) refers to the warehousing, packaging, transportation, and
other logistics-related activities which directly serves for production processes, ranging
from raw materials purchasing, shop-floor manufacturing, as well as the circulation of
semi-finished or finished products [1]. Production logistics is divided into the pre-pro-
duction logistics (storage, shipping, production) and post-production logistics (produc-
tion, shipping, storage). Production logistics of this paper is specifically for the post-
production logistics. Inevitable uncertain factors of production logistics operation pro-



cess (such as emergency order, delivery in advance, equipment failure and worker ab-
senteeism) bring dynamics to the production logistics system, which will affect the pro-
duction, shipping and storage in a part or multiple parts and lead to production logistics
system is not working properly, or even stop running, which brings a great challenge to
the enterprise decision-making and implementation and greatly increases time and cost
of production logistics. There are two aspects impact of dynamic mainly to the produc-
tion logistics system: the first is that it disrupts the original production logistics plan,
and lead to the result deviates from a pre-determined goal; the second is that it some-
times leads to the lack of the ability of production logistics system resources, and it is
difficult to add new resources, and the cost is very high.

Production logistics synchronization (PLS) means, in the presence of certain execu-
tion dynamics, some parts or the whole PL systems will be real-timely triggered to
make adaptively collaborative decision which takes the dynamics into consideration
and generates an updated execution plan for the next execution stage [2]. Therefore,
under the premise of uninterrupted production logistics operation, the production, ship-
ping and storage of the two or the three can be collaborated, and the whole of production
logistics operation can be achieved optimization.

In addition, in recent years, the cloud manufacturing and related technology has pro-
vided the solution for the PL system rapid organization resources and the dynamic re-
sponse of the resources requirement. Cloud manufacturing (CM) provides a service-
oriented manufacturing platform to organize the manufacturing resources over internet
and enable users to consume on-demand manufacturing services [3]. In CM, various
manufacturing resources and abilities can be intelligently sensed and connected into the
wider internet [4]. At present, some progress has been made in the application of cloud
manufacturing. Xu [5] encapsulates the distributed resources into CM services under
centralized management, and offer CM services as product design, manufacturing, test-
ing and management. Wang and Xu [6] proposes a service-oriented and interoperable
Cloud manufacturing system. Ren et al. [7] presents a public cloud manufacturing sys-
tem for small- and medium-sized enterprises (SME).

Therefore, this paper will study how to solve the impact of the dynamic production
logistics system to achieve the purpose of optimizing the PL operation by CM and col-
laboration optimization method [8, 9].

The remainder of the paper is organized as follows. Section 2 will analysis for the
production logistics dynamics types. Section3 will conduct the PLS mechanism. The
overall PLS optimization method and mathematical model will be introduced in Section
4. Section 6 gives a case for the study the method. Conclusions are summarized in Sec-
tion 7.

2 PL Dynamics Analysis

The different dynamics of production logistics operation have different influence on
the system. To take effective method to deal with the dynamic of production logistics,
we need to classify the dynamics firstly. This section will analyze the dynamic of pro-
duction logistics from two aspects, which is range of impact and degree of the impact.



2.1 Classification in Dynamic Impact Range

From the range of dynamic influence of the production logistics system, the dynamic
of the production logistics can be differentiated into the global and partial dynamics.
As shown in the left part of Figure 1, when the dynamic interfere with the three sub-
systems as the production, distribution, warehousing, and trigger the response of the
three subsystems, which is defined the global dynamic, for example like emergency
ordering, delivery changing, etc. As shown in the right part of Figure 1, when the dy-
namic interfere one subsystem, and this subsystem triggers the other subsystem or all
of them to respond it, we call it the partial dynamic, such as workshop equipment fail-
ure, reworking, forklift failure, the road unavailable, etc.

Global dynamics Local dynamics

:;‘- H :. -:
ProductlonH Shlpplng H Storage ProductlonH ‘Shipping | | storage |

Fig. 1. Global and local dynamics

2.2 Classification in Dynamic Impact Degree

The sensitivity of dynamic in different time and state of production, distribution and
storage is different, therefore, the impact of the dynamic on the production logistics
system can be differentiated as the first level dynamics and the second level dynamics.
When the dynamic affection level of the production logistics system is still in the ca-
pacity of the current resources range, we define it the first level of dynamic. For exam-
ple, when forklifts increase of 10 pallets of transport tasks suddenly or a forklift failed,
and the forklift resources of the system is still redundancy, so this dynamic can be cope
with. When the dynamic affection level of the production logistics system is out of the
current one or more subsystems resource capacity, we define it the second dynamic.
For example, the current configuration of the forklift are in the saturated state, even this
time increase of 1 pallets transport task urgently, it will inevitably cause the production
logistics system disorder and delay delivery.

3 PLS Mechanism

3.1  Synchronization Mechanism

The PLS mechanism as shown in Figure 2. PLS can generate varied synchronization
sequence while according to the quantity of different synchronization starting point and
subsystem. Therefore, we need to determine the starting point and the sequence of PLS.



The global dynamic synchronization process shown in the left of Figure 2. Firstly, we
should judge the starting point of the PLS, and the basis of judging the starting point is
the constraint strength of the subsystem. For example, the target of the production sub-
system is to complete the order of that day, which must be completed, and the target of
other subsystems is variable, in this time, the production subsystem is the starting point.
Secondly, starting point to determine the synchronization sequence of production lo-
gistics and start synchronization other subsystems, such as the production synchroniza-
tion shipping or shipping synchronization storage. The local dynamic synchronization
process shown in the right of Figure 2. For the local dynamics do not need to determine
the starting point of the synchronization, It is only a need to identify the dynamic gen-
eration point and this point is the starting point for the production of logistics synchro-
nization, such as production, while the starting point of the synchronization from the
production subsystem.

The synchronization order with

Global dynamics production starting point C Local dynamics )
Production '— | Join cloud resources | L]

| Decided starting point | A | Starting local dynamics point |
| PLS | v | PLS |
; | Shipping ‘
| Output results | 1 | Output results |
v
End ’ storage }— | Correction plan | ( End >

Fig. 2. PLS mechanism

The sequence is the production as the starting point, and the synchronization be-
tween shipping and storage is to describe the different dynamic levels, which contains
three steps, as shown in the middle of Figure 2.

e Step 1 is dynamic level estimate. If the dynamic is the first level then execution steps
2, else if is the second level then execution steps 3.

e  Step 2 is to correct the plan. It is the first level dynamic processing method. This
step only corrects the results of the pre-decision based on the allocated resources,
such as the finished offline time, storage tasks, forklift transportation tasks, etc.

e Step 3 is to join cloud resources. This step is the second level dynamic processing
method. The logistics resources can be virtualized cloud resources by cloud resource
management platform, such as forklift, warehouse, production equipment, etc.
Through the cloud resource platform adds cloud resources, re-planning tasks, which
can solve the problem of the shortage of resources capacity caused by the dynamic.

3.2 PLS Information framework

Based on the above explanation, a framework is developed based on the above men-
tioned mechanism, which is put forward by the authors’ research team [2], as shown in



Figure 3. The bottom part of Figure 3 is the physical resource layer and the smart object
layer, through equipping the physical PL resources with a series of 10T devices (such
as PDA, mobile, PAD etc.) and 10T tags (such as RFID, sensor, barcode etc.), the orig-
inal resources can be transformed into smart objects (PL-SO) which have the ability of
real-time information perception, transmission, and task processing. The left part of
Figure 3 is CM infrastructure, which defines the management, organization and service
hierarchy of CM resources. It includes three layers.

Cloud Manufacturing

(CM) Infrastructure

Cloud-based Production
Logistics Synchronization
(CPLYS) Infrastructure

AUTOM Information
Infrastructure

Real-time Application

CM Application CPLS System
Layer Layer
CM Core Service CPLS Real-time Execution
Layer Core Services Service Layer
CM Resource CPLS Resources Smart Gateway
Management Management Platform Layer
Entity Smart Object Real-time Data
Z?fe':t [Smart workshop} { Smart Pallet J [ Smart Forklift } -------- Smart Warehouse
- . - - —
Physical ccald * L o E ] E L
Resource Barcode RFIDTag  prp
Workshop Terminal ~ Pallets canner ;
p JReader FOTKlifts Warehouses Reader

Fig. 3. Cloud-based PLS information framework

During the production logistics process, dynamically triggered two level dynamics will
lead to the continuous involvement of uncertain manufacturing resources from the
cloud. Due to the uncertain types, interfaces and capabilities of the various cloud re-
sources, it is difficult to maintain a highly efficient operation. Thus, heterogeneous re-
sources must be encapsulated by 10T technologies in a standard way, based on which a
set of standards and measures for real-time information collecting, processing, and
transmitting could be established. Finally, the major services and applications could be
developed based on the standard real-time information to effectively support the pro-
duction logistics process management. This paper extends AUTOM [10] to deal with
the real-time PL information from cloud-managed PL resources. A brief representation
of AUTOM is shown in the right part in Figure 3, which consists of three layers.

4 PLS Optimization Method

PLS is a multiple subsystems coordination optimization problems, due to the process
of synchronization has emphasized the dynamics, the independence of the decision-
making model and the agility which come from the decision-making. Collaborative op-
timization (CO) [11] is a kind of stratified two-layer MDO method, which has system



level optimization function. For the subsystem, which the analysis and optimization
design is within the space of each subsystem. It’s suitable for the subsystem variable
much more than the subject (subsystem) variable, which applies to solve the multidis-
ciplinary design optimization problem that has the goal of system level design. There-
fore, this paper uses CO to solve the PLS optimization problem.

41 PLS Model

The mathematical model of the production logistics synchronization system is estab-
lished by using the CO optimization method as follows.

1. System level optimization model
min f(z) 1)
subjectto J; =3,(z —xj;)° =0, i=1,23 @)

The variable J; (z) is the consistency equality constraint for the system, z is the sys-
tem optimization variable, z; is the design variable for the j system, s; is the design var-
iable quantity of the i subsystem, and x;; represents the optimization results of the de-
sign variable j of the subsystem i.

2. Subsystem level optimization model
. ; A\ 2
min J;(x;) = Zf’:l(xij - Zj) =0 (3)
subject to ¢i(x;<0), i=1.23 4)
The variable x; is design vector of the subsystem i, x;; is the design variable j of
subsystem , z; is the expected value of the design variable j for the system assigned to
the subsystem i, and c;(x;) is a system level constraint.

The optimization structure of the above mentioned mathematical model is shown
in Figure 4.

System level optimization

Min: f(z)
s.t. Ji(2)=0,i=123

z| |12 Z2 Iz Z3 I3

Production subsystem optimization Shipping subsystem optimization Storage subsystem optimization

Min Ji(x1) = (e = 2§)%+(y — 2% | | Min J1Ce) = G — 2%+ (1 — 20)? | | Min J10e) = (o — 20)%+(y1 — 2)?

st g1(x1,%51) <0 st go(x1,x51) <0 st g3(x,x51) <0

X1, Xs1 V1,91 X1, Xs1

Production
subsystem analysis

Y191 X1, Xs1 Y101
Shipping Storage
subsystem analysis subsystem analysis

Fig. 4. Structure of production logistics collaborative optimization




4.2  Constraints Relaxation

The collaboration optimization method for the consistency constraint of the system
level optimization problem is the equality constraint. But the consistency of equality
constraint is too strict for the subsystem. Therefore, the system level equality con-
straints are changed to inequality constraints, so that the system level has feasible solu-
tion domain [11]. After the deformation, the system level constraints become the fol-
lowing inequality.

* i * 2 .
Ii= ijl(zj -xi;) <& i=12.,n (5)

Through adding the relaxation factor € , € is smaller, which indicates a higher de-
gree of consistency for the subsystem level, and means the performance of the cooper-
ative optimization method is improved.

5 Case Study

The case company is a large-size old-brand paint making company in China. At present,
the application process of the PLS optimization method is illustrated with the two parts
of its production and storage, as shown in Figure 6. After receiving the orders, the pro-
duction need to develop production scheduling, and the warehouse need to arrange stor-
age location. However, the production process or storage process often occurs dynamic,
such as product line early or delay, equipment failure, workers absenteeism, the storage
location unavailable etc. It lead to that the scheduling and the storage location planning
results are poor, and the cost of PL operation is high. To solve above problems, the
author’s project team has done two aspects of work. First, according to the operation
process of the company PL, using Internet of things and CM technology to develop a
PL management system interconnect between workshop and warehouse, and realize the
transparency of management; Second, this paper studies the PLS optimization method
is applied to above two links. This section focuses on the second part of the research.

Production storage

synchronization

B >
Production scheduling Storage location planning

Fig. 5. Production and storage synchronization

5.1  Collaborative Optimization Model

This case is based on the synchronization between production and storage (i.e., produc-
tion scheduling and storage planning) and the CO model is established.



System Model.
The system model can be established as follows.

Subjectto J; = (t;; —t1)? < ¢ )
o= (t22 — t;)*<e (8)

The objective function (6) is the minimum customer waiting time. Constraint (7)
and (8) are system consistency constraints, t,, is the system level design variable for
the production subsystem, t,, is the system level design variable for the storage sub-
system, t, and t, are system level design variables.

Production Subsystem Model.

In this case, the production subsystem optimization problem is how to plan the or-
ders processing sequence on the equipment, so that the production task completion time
is shortest. According to the practical of production, the variables shows in table 1.

Table 1. Variables and definition

Variable  definition Variable  definition
i Order number j Process number
K; Processing unit number D Equipment number of the pro-
of order i cess j for order i
WT;; The processing time of Xijka The processing unit (i, j, k) on
the process j on the the equipment D;; processing
equipment for the order i and the value is 1, else is 1.
Tfij k The time of processing Ntijk The next processing time after
start and end the processing unit (i, j, k) in

the equipment.

Following the above parameters and variables, a mathematical model of production
scheduling could be established as follows.

min f = {max vdeD {max viel,jeJ kek; {xijkd * Tfijk}}} %)
Subject to ZdEDU =1, Vielj€e] k€K, (10)
Trie = Doy e < ovielje{1,2},keK; (11)
Tt = Toy = WTij Vi€ Lj €]k €K, (12)

Neiy = Tryy > OVi€LjEJKEK, (13)

The objective function (9) is the minimum completion time of a batch of orders,



MAX vier, jej kek; {xi,j,k,d * Tfi,j,k} means the completion time for all processing units on

the equipment D, max ygep {max vielje) keK; {xi_j‘k_d * Tfijk}} means the completion

time of all processing units for all the equipment. Constraint (10) defines that a pro-
cessing element is allocated to an equipment. Constraint (11) gives that only before the
neck of the order has processed and then the after the neck of the order can be processed.
Constraint (12) defines that once a processing unit begins processing and cannot be
interrupted. Constraint (13) guarantees that only after the current task is finished and
the next task can be started by the equipment.

Storage Subsystem Model.

In this case, the storage subsystem optimization problem is how to distribution the
storage location for the order and make the utilization rate of the warehouse is the high-
est, and its parameters and variables shown in table 2.

Table 2. Variables and definition

Variable  definition Variable  definition
t Time list of waiting j Storage location number
input order
i Order of waiting input V; Capacity of storage location j
Q; Quantity of pallets for E; Consumption time of output from
order i storage location j
IT; Input time number for x; Time list ¢ put the order i in the
order i storage location j or not, the value
isOor 1.
OT; Output time number w}; The wf; = 1 means the quantity
for order i

pallet of order i in the storage lo-
cation j, if x; = 0, then wf; = 0.

Following the above parameters and variables, a multi-objective model of storage

location layout could be established as follows.

min f; = le=1 Utj (14)

maxf, = Lj_i F/ (15)

maxf; = N, Z?:l Zle(ijfjwitj) (16)
L xgjwe; +xpwp; =V, j=12,..,L,

Where th =
0

anda,b=1,2,...,S



Lxbwti+xbwh; >0, j=12,..,L,

Utj = anda,b=1,2,..,S
0
Subjectto Y x; <2 j=1.2,..,Lit=012..,T (17)
Yo pe1 Xojwe; + xpwh; < V,j=12,..,L;it=0,12,..,Tanda#b (18)
Yiaxiwh=P,i=12,..,Sandt=0,1,..,T (19)

The objective function (14) is the minimum total quantity of storage location. The
objective function (15) is the maximum times of full storage location. The objective
function (16) is the maximum loading efficiency. Constraint (17) ensures the quantity
of each storage location puts orders no more than two. Constraint (18) defines the total
number of pallets cannot exceed the capacity of the storage location. Constraint (19)
gives the total quantity of pallets for sales order.

Structure of Model.

Mint; + ¢,
st Ji=(ty—t)’se
J2=(tz —t;)’< ¢

t11 t, ty t22
Production subsystem optimization Storage subsystem optimization
Min J;(t11,t1) Min J5(t22,t2)
st mintyy= g1 (Ll wi, Tp, 0 Ty 0 WT ) s.t. minty, = g,(s, 1, wi,x{j,wfj,T) <0
(ke wi, Ty, )

Fig. 6. Structure of production and storage CO model

The structure of Co model is shown in Figure 6. The collaborative between system
level and subsystem level is t4, t,, t;4, t5,. The system initial variables is t,, t,. Where
t,, is a collaborative variable for the production subsystem which indicates the com-
pletion time of a batch of order, t,, is a collaboration variable for the storage subsystem
which means the order at the warehouse time.

The (i, k, sz i w;) is the array between production subsystem and the storage

subsystem, The variable of the array contains the order number, the order processing
unit, the processing completion time, and the number of pallets. These variables are the
input parameters of the storage subsystem. Based on these input parameters, the storage
subsystem obtains the most reasonable distribution results. Each subsystem involves
only its local constraints, on the basis of meeting constraints, and its goal is to reduce
the differences between the system level and the system level as far as possible. The
system level optimization problem has two consistency constraints, and are respectively



corresponding to two subsystems.

5.2  Example

Initial Information.
The initial data of this example comes from the company. The order information is
shown in Table 3 and the warehouse information is shown in Table 4.

Table 3. Order information

Order Demand quantity Processing time Tray quantity of
Number (t) (min) Product
1 1.5 80/120/70 19
2 2 90/100/80 25
3 1 80/90/75 13
4 1.5 80/70/90 19
5 1 100/110/100 13
6 2 90/100/80 25

Table 4. Warehouse information

Storage Location Name capacity area Ou_tb_ound
Number efficiency

1 Al 20 Dispatch area 2

2 A2 20 Dispatch area 2

3 A3 20 Dispatch area 2

4 A4 20 Dispatch area 2

5 A5 20 Dispatch area 2

6 Bl 8 Full area 1

7 B2 8 Full area 1

8 B3 8 Full area 1

Results Analysis.

The initial values of the parameters t;and t, of the 5.1 sections are set 0, the relax-
ation variable ¢ is set 104, and the initial information is brought into the mathematical
model. The results of the calculation are shown on the left of Table 5 by the Matlab
software. To illustrate the effectiveness of PLS optimization method, this paper chooses
the deterministic optimization method for comparison. Its calculation results are shown
on the right of Table 5.

From the results can be seen, In terms of storage location occupancy, all the pallets
take up 7 storage location of the total which the warehouse adopt the PLS optimization
method, and the storage location B3 is empty. While the warehouse adopt the deter-



ministic optimization method, total takes up 8 storage location, and all the storage lo-
cation are taken up. In terms of the full times of storage location, all the storage loca-
tions are full by PLS optimization method, but the quantity of full storage location is 7,
and storage location A4 is not full by deterministic optimization method. From the re-
sults of the comparison, it can be seen that the production and storage synchronization
method can improve the utilization of the storage location.

Table 5. Storage subsystem optimization Results

PLS Deterministic
Order  Tray optimization method optimization method
number quantity Input Output  Storage Input  Output ~ Storage
list ~ list location list st location
1 19 5 6 A5 3 3 A3
2 25 3 4 A3/B1 2 4  A2/B1
3 13 2 2 A2 2 1  B1/B2/B3
4 19 1 1 Al 1 2 Al
5 13 4 3 A2/B1B2 4 4 A
6 25 3 5 A4/B2 5 6  AS5/B3

6 Conclusion

Synchronization mechanism and the optimization method is proposed in this paper to
solve the dynamic production logistics problem of production logistics operation of the
among production logistics multiple-subsystems. The dynamic of production logistics
is divided into local dynamic, the global dynamic, first level dynamic and second level
dynamic. For different dynamic, from the qualitative point of view, the PLS mechanism
and cloud-based PLS information architecture are proposed. From the quantitative
point of view, CO-based PLS optimization method is proposed. Finally, based on ex-
ample of an enterprise of production and storage, establish optimization model of syn-
chronization of production and storage, and the results show that the proposed method
enhances the utilization of the goods. The methods of this paper have practical guidance
for solving the problem of the dynamic problem of the operation of production logistics.
In the future, the method for synchronization problem of multiple-subsystems of diffi-
cult PL dynamic and is studied.
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