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Abstract. In virtual cellular manufacturing, the processing lines are more complex, products are
multi-varieties and small quantities, jobs spend 90% of the time waiting for the machine to be
processed is common. In order to reduce the waiting time, this paper study the inter cell scheduling
based on queuing network. The virtual cellular manufacturing system is seen as a queuing network,
and the input parameters of each node within the network are calculated by the external arrival rate.
Under the strategy of batch service. Scheduling target is minimize the total processing time,
maximize the minimum of equipment load. Batch service queuing network model is established.
The model is solved by the immune optimization algorithm, which achieves the shortest processing
time, and avoids the parts waiting. Finally, taking the actual production process of ship enterprises
as an example, it is proved that the batch service queuing network method is feasible and efficient.

Introduction

Modern manufacturing environment is characterized by intense of market competition, diversity of
products and short life period, rapid changes in customer demand, which lead to efficient utilization
of resource and competitive reaction of trying to seize the market[1].Cell manufacturing system
(CMS) has the advantages of shortening setup time, production time, reducing WIP inventory,
reducing cost of material handling, improving quality of product and controlling production, which
leads to improving efficiency and flexibility[2]

Cell scheduling can be divided into cell internal scheduling and scheduling between multiple
cells [3], the problem of internal scheduling has been studied by quite a few scholars. Mak et al. [4]
studied the dynamic scheduling problem of parts in Virtual Manufacturing Cell under multi - period
of determining demand. For the problem of inter-cell scheduling, Tang et al. [5]studied the joint
decision of cell formation and scheduling, and considered the movement between the cells, which
was solved by the Lagrange relaxation algorithm. Moghaddam[6]constructed an integer
programming mathematical model, and proposed a sub-heuristic algorithm based on decentralized
search to solve the model.

Therefore, some scholars use the queuing network method to solve the problem of cell
scheduling. Hasenbein[7]and Harrison[8] treat each batch part as a work piece, and use an ordinary
single-server queuing network to find the approximate solution. The queuing network method
shortens the waiting time of parts. J.G.Dait[9]proved that the strategy of batch scheduling can be
solved by a single-service queuing network with a certain key strategy in cell manufacturing. Zhu
Dengjie et al.[10] proposed an improved open-loop queuing network model for the characteristics
of automated material transportation systems of wafers manufacturing. The queuing network model
mentioned above is based on batch which is fixed, and assumes that the service rate is constant. Liu
Li [11] used the queuing theory to study the dynamic scheduling problem of cloud task.
Considering the uncertain parameters of service rate of the task arrival and network transmission,
which lead to the improvement of average response time of the whole cell scheduling. Laxmi,
Seleshi[12]consider the service rate vary as service batches, the average response time will be
delayed as the arrival rate increases, only when the batch satisfies the production of one cell.
Sathiya, Ayyappan [13]compared the scheduling time under fixed service rate and variable service
rate. When the service rate changes with the system state, the average response time is improved
and the overall scheduling time is improved significantly.
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In this paper, due to the difference of the production process, we study the inter cell scheduling
problem of the parts. Considering the factors of the batch size of the parts, the service rate and the
arrival rate vary with the state of the system. Based on the queuing network theory, Cellular system
is seen as a whole queuing network. The internal machine is seen as a service platform, and using
the external arrival rate to calculate the parameters within the network. Considering the inter cell
movements of parts, focusing on parts in different cells which need to wait in line, this study meet
actual production needs.

Model Formation
Problem Descriptions

Assuming the virtual cellular manufacturing system of queuing network has K service node, the

12,..,

node (1= K) has © service desk, service time of each service desk obey the exponential

distribution, average service time of each service desk isll# I, the parts reach the node at the rate of

vi, when the parts finished in the node ! =12:---:K) ik is the probability of leaving at the machine,
arriving at the node K to accept processing, all nodes can accept a certain number of parts for
processing, when a part is completed, then transfer to another service node , which is independent
with the service process that the part has received, and is independent with the service node where
the other services are located. The queuing network system is a Jackson queuing network. If the
queuing network system accepts parts out of the system and the parts can leave, it is an open
Jackson queuing network system.

Assumptions

The queuing network can be simplified as an open-loop queuing network. The basic assumptions
are as follows:

(1) Arrival of parts obey Poisson distribution, service time obey exponential distribution;

(2) The parts arrive at the machine is independent of each other;

(3) Each part contains a number of processes, at least in two different cells to complete, and there
are order constraints between processes;

(4)The capacity of tackle between inter cell transportation is sufficient, that is the parts can be
immediately transported to the destination cell at any time;

(5) Machine processing capacity overlap, the processing of parts can be completed on different
machines, the parts have flexible processing path. For any one process, in each unit at most only
one machine can be processed,;

(6) Each machine is non-interrupt;

(7) Does not consider the parts to seize, machine failure, the default of parts.

Model parameters:

|___partindex, =12
) —Machine index, 1712 M

h—Operation index, ™2

% —processing time of part i
#i ——Service rate

A — Arrival rate

b, Batch size

"l —Probability of processing
Sii—Start machining time

€., —Actual processing time
s Waiting time
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€ —Number of cells

Model Variables:

1, The part i is machined on machine j
7| i~
"o, other

1, Process o, takes precedence over processo, . .
LIRS0 other

Queuing Network Model of Batch Service

Virtual cellular manufacturing system of queuing network almost no feedback, that is, after t parts
finishing processing, which go to the next node for processing directly. There is little rework to
return to the previous node, unless there is a case of emergency. This article does not consider such
special circumstances, so this queuing network system can be solved using the Jackson network
system.

In the open queuing network system, the network path rules{rij,i(i =12,...,K):ji(i=12,..., k)} is:

Zrijzl,(jzl,Z, ..... k) (1)

With the total arrival rate of % in the nodes i, the total arrival rate and the total output rate of

the parts at each node in a stable system should be equal. “is equal to the sum of the arrival rates
from other nodes and the external arrival rate of the system.

(i=12,...K)

j

k
A=vi+ z rjiﬂ“

2)
According to the nature of Jackson's queuing network, the transition probability between nodes

of the system form the vector matrix of the arrival rate of node, which can be used to calculate the
total reach rate of each node? Assuming that R is the transfer probability matrix between the nodes

in the Jackson network. Yiis the vector of the arrival rate of each part from the outside of the
network system to each node, then the vector of the actual arrival rate of each node is

A= (it dy)! , which meet*=7{- R)*,

In the virtual cellular manufacturing system, the arrival probability of each node is calculated,
since the part can be transferred to the service desk of another node after finishing processing. It
depend on the processing capacity of the equipment and the actual completion time of the part. So
the probability of part transferred can be calculated by the processing capacity of the equipment and
the actual processing time of the part, that ist; =C; /q,(i=12,...k; j=12,..,M) . So the total arrival

rate of each node can be calculated, and then using the queuing network model formula to calculate
other indicators.

The total machining flow time of the part is minimized, and the maximum load of the machine is
minimized as the objective function:

ffmm(ﬂ%i Y b]
==V = (4)
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Constrain:

Si,j +A’|,j,h ij XViihXijn S Cin

()
C.<S
i,h i,(h+D (6)
Sin XDy <8 +M(1-a | ) -
Ci,h < Si,h+1 + M (1_ ai,j',h',j,(h+l)) (8)
im =1 i=12,-
©)

n_ h
Zzai,j,h,j',h' = yi,j,h

i=1h=1 (10)
Si,h ZO, Ci,h 209 ﬁ’j>0’ j:1,2,"',N

(11)
N
ijql i
=1/ =
2.6
= (12)
i =1,j=1---,N
Zk:orj,k_ =4 (13)
W.= 4 Vj
j_ b
H; (/ui _ﬂ’l) (14)
W, = 1 y V]
H; _ﬂ“J (15)

In constraints, Equation (3) shows that the total machining flow time of the part is minimized in
the network. Equation (4) shows minimize the maximum load in the network. Equation (5) and
Equation (6) represent the sequence of each part in the network. Equations (7) and (8) show that the
same machine in the network can only complete one process at the same time. Equation (9) shows
that a process in the network can only be processed on one machine at the same time. Equations (10)
show that the same machine in the network can be processed cyclically. Equation (11) is a
nonnegative constraint. Equation (12) shows service rate constraint of the machine. Equation (13)
shows the processing probability of the machine in the network. Equations (14) and (15) represent
waiting time of the parts at any machines and time of staying.

The Immune Optimization Algorithm

The encoding is used here. Each process path scheme for parts can form an antibody with a length p
(p represents the processing step). The issues raised in this paper involve allocating, scheduling, and
processing batch sizes. Thus, each solution can be represented by the chromosome in three parts:

(1) Machine Code: This gene indicates the machine code in which the process is assigned to the
machine for processing.
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(2) The code of the parts sequence: The chromosomes represent the feasible operation of the parts
sequence.
(3) The code of batch size: that the batch size of each part.

As shown in Figure 1, information of the chromosome encoding can be expressed as

©:2 processed on machine Mss | the batch of part I are 20.

sequence 01,1 01,2 02,1 02,2 02,3 02,1 c’1,1 01,2 02,2 02,3

machine ‘ M 2,1‘ M 3,1‘ M 2,2‘ M 3,3H M 1,1‘ M 3,2‘ M 4,1‘ M 1,2‘ M 4,2‘|v| 5,1‘

cote [3 ]2 2] 2]z 2] a1]2]2]
part 1 2 3
batch‘lS‘lG‘ll‘

Fig.1 encoding

Case Analysis
Case and Data

In this paper, a group of machining workshops processing data in shipyard as an example to study
the inter cell scheduling. A batch of orders have arrived, cluster decomposition of parts according to
the processing, the parts need to go through five processes .This paper selects 16 parts, each part
need to be processed across different cells.Basic information is shown in Table 1, Table 2, Table 3

and Table 4.
Tab.1 The workspace machine information
Machine Style Number | Arrival rate Service rate
A Al 1 0.6 10
B B1,B2,B3 1,11 0.3,0.7,0.6 8,6,10
C C1,C2,C3 111 0.8,0.2,05 12,14,9
D D1,D2,D3 2,1 0.4,0.6,0.5 16,13,14
E E1,E2 2 0.3,0.6 10,11
Tab.2 Job processing information
Part Machine/Processing time Batch
P1 C2-1.7)---(D1-2.7)---(E2-1.3)---(B1-2.1) 6
P2 B2-1.9)---(E1-4.2 10
P3 B2-2.2)---(A1-3.3)---(C3-2 12
P4 C2-4.1)---(B1-5.6)---(D2-3 13
P5 C1-2.1)---(B3-4.3)---(D3-2.6 8
P6 C2-1.3)---(B1-2.1)---(D1-3.7)---(E1-4.5) 9
P7 Al1-6.8)---(C3-3.1 10
P8 D2-4.4)---(C1-1.9 11
P9 B3-2.7)---(E1-4.7 8
P10 B2-1.6)---(C3-1.3)---(E2-6.6) 10
P11 D3-1.9)---(B2-2.3 9
P12 B1-3.4)---(C1-3.6)---(E2-1.1)---(D1-2.6) 11
P13 D2-4.2)---(B2-7.3 7
P14 C3-4.5)---(D3-2.9)---(E1-4) 6
P15 Al-1.9)---(D2-3.6 8
P16 C1-6.3)---(B1-1.9)---(D3-3.3) 9
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Tab.3 Virtual cell information
Scheme Celll Cell2 Cell3 Cell4
Machine B3,E1 S%[B)%CZS B1,C1,E2 Cc2,D1
Part P2,P9 P3P7,P10,P11 P5,P8,P12,P16 P1,P4,P6
P13,P14,P15
Discussion
The scheduling Gantt chart of the parts shown in Figure 2.
Tab.4 Job scheduling path and time of virtual cells
Part [ Path(time) Cells
PL | C2(0-2.1)--DI1(2.1-3. 8)---E2(3.8-6.5)---Bl(13-14.3) Cell4, Cell3
P2 B2(1.6-3.5)---E1(3.5-7.7) Cell2,Cell1
P3 B2(5.4-8.7)---A1(9.7-11. 9)---C3& 1.9-13.4) Cell2
P4 C2(4.2-9.8)---B1(14.3-18.4)---D2(18.4-21.4) Cell4,Cell3,Cell2
P5 C1(1.9-6.2)---B3(6.2-8. 3;---D3El4 5-17.1) Cell3,Cell1,Cell2
P6 C2(2.1-4.2)---B1(8.3-9.6)---D1(9.6-13.3)---E1(13.3-17.8) Cell4,Cell3,Cell1
P7 | A1(1-7.8)---C3(7.8-10.9) Cell2
P8 D2(7.3-9.2)---C1(9.2-13.6) Cell2,Cell3
P9 B3(0-2.7)---E1(7.7-12.4 Celll
P10 B2(0-1.6)---C3(1.6-2.9)---E2(6.5-13.1) Cell2,Cel3
P11 D3(0-2.3)---B2(3.5-5.4 Cell2
P12 | B1(9.6-13)--C1(13.6-17.2)---E2(17.8-19.8)--D1(19.8-20.9) | Cell3, Cell4
P13 | D2(0-7.3)---B2(8.7-12.9) Cell2
P14 | C3(2.9-7.4)---D3(11.6-14.5)---E1(17.8-21.8) Cell2, Cell1
P15 | A1(7.8-9.7)---D2(9.7-13.3) Cell2
P16 | C1(0-1.9)---B1(2-8.3)---D3(8.3-11.6) g:e||3, Cell2
E2 I PL10-3 e P12-3
E1f | P22 | Faa e PE-4 [ P14-3 |
p3 F piia — P63 | P42 | P53 |
D2 F P13-1 [ el | [ Pis2 mave P2y
o1k p1-2 PE-3 move P12-4
c3 b P2 | Pl | [ Pz ][ P33 |
lb 3 L PEL [ PeT ] P4-1 |
c1 FPler | 1 | | Pg-2 P12-2
B3 [ Pt |1 P52 |
B2 F P101 | P2-1 | P11-2 | P31 | P13-2 |
Bl | F16-2 | PB-2 | P12-1 | P1-4 pa-2
Al - | P7-1 [ P15-1 ] P32 |
o '2I 4 sl z; 121 IIZ 1-:; ll; 1|s 2.0 2:2 1} i)

In the scheduling plan, the part 1, the part 2, the part 4, the part 5, the part 6, the part 8, the part
10, the part 12, the part 14, the part 16, due to the requirements of processing, they need to process
in different cells, The part 7, the part 9, the part 11, the part 13, the part 15 does not need inter cell
production. The maximum completion time of scheduling is 21.8 hours, and actual production time
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is 40 hours in enterprise. The scheduling time under queuing network is lower than that of the
original production time, and the research has a certain significance.

Conclusion

The problem of cell scheduling is a very important scheduling problem in modern manufacturing
management. In order to minimize the maximum completion time and minimize the maximum load
of the machine, this paper studies the problem of inter cell scheduling, which is based on the
queuing network method and the immune optimization algorithm. The service rate and the arrival
rate of the queuing network are combined with the batches of parts. The nonlinear dynamic
mathematical programming model is established to solve the problem of inter cell scheduling. The
proposed algorithm is used to solve the case, and the scheduling is carried out by using MATLAB.
The experimental results verify that the proposed algorithm is feasible and effective. This paper
does not consider the bottleneck of the batch. The problem of inter cell scheduling has yet to be
studied in depth. In the future, the paper construct model by combining with queuing network and
batch.
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