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Abstract: In order to overcome the problems in current literatures, that 1s neglect of collaborative effects and
lean operation and the simple weighted method for dealing with the relations of quality, duration and cost, the
collaborative optimization of planning and control for Large Equipment Service-oriented Manufacturing (LESM)
1s studied systematically based on lean logistics. Firstly, the necessity of collaborative optimization of planning
and control were analyzed, as well as the lean logistics objective and the relationship among three objectives
of quality, duration and cost. Secondly, introducing the Taguchi quality loss function and punishment factor,
the coordination model of quality-duration-cost was established based on the cost. Thirdly, considering
coordination among levels of project and quality-duration-cost, a multi-level and multi-objective coordmation
optimization model of planming and control was built. Fourthly, integration algorithm of simulation modeling
and genetic algorithm (SM and GA) was designed and effectiveness was verified by case study. This provides
a theoretical method for LESM planning and control.
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INTRODUCTION

At present, the large equipment manufacturing
enterprises in China are transforming from pure product
manufacturing to service-oriented manufacturing which
can provide whole solutions for client and headed to the
high-end of mndustrial value chain wvia value-added
services. With large equipment manufacturing enterprises
as the core, Large Equpment Service-Oriented
Manufacturing (LESM) can provide a whole set of
solutions considering product life cycle by mtegrating the
social recourses. According to the demands of customers,
the solutions include design (project, process and
equipment), product manufacture, construction,
mnstallation and debugging and after-sales service.

Unlike traditional manufacturing, the LESM is
characterized by complexity, distribution, dynamic and
uncertainty, as well as multi-level and multi-objective for
operation structure. The larger scale of operation planming
control causes, the more difficulty solution stability we
can control. So planning control problems should not
only realize optimization but also collaborative effect of
multi-level and multi-objective. This 1s a new problem and
need of large equipment manufacturing enterprises in the

transformation. And the research of collaborative

optimization model is considered as an acknowledged
NP-hard question. As a result, it is a challenge to study
due to the few relative research results and incomplete
theory system so far.

Tt has been more than 50 vyears since
Modigliani and Holm (1955) started to study the
operational plamming control optimization under traditional
mode. Despite the munerous research results, there is a
huge difference between content of the results and the
practical states as well as the requirements of industry
(Kempf et al, 2011). Along with the development of
technologies, the planning control research will head to
integrated, dynamically practical, multi-objective and
highly optimized aspects and develop from centralized
production to distributed production (Argoneto et al,
2008). And the current planning control problems are the
collaborative integrated decision issues from high level to
low level (Maravelias and Sung, 2009). In the recent years
under complicated environment, the planmng control
optimization research mainly include network distributed
planning and scheduling (Shah and Terapetritou, 2012;
Al-e-Hashem et al., 2011; Mohammadjafari et af., 2011),
planning and scheduling wunder supply chain
(Zhang et al., 201 1a; Kim et al., 2008; Voss and Woodruft,
2003; Li and Womer, 2012), scheduling research of
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production  project  under  uncertain  situations
(Luo and Rong, 2009; Zhang et al, 2011b),
multi-projective  integrated  progress  optimization

(Liang, 2012) and collaborative planmng and scheduling
optimization of multi-companies (Zhang et al., 2012). In
the research of project plan, it has tended to the
multi-projective  research in  objective optimization
(Dan et al., 2011; Li et al., 2008; Yin, 2011; Zhang et al.,
2009) and the method has been directed from applying
PERT network (Wang et al, 2012), critical chain
(Liang, 2012; Chen et al, 2009), network planning
technology (Qiac et al, 2011) and system dynamics
(Wang and Li, 2010) to use intelligent optimization
algorithm (Peng and Wang, 2010). In order to study the
tradeoff optimization problem of resource-constrained
duration, cost and quality, the multi-attribute utility theory
has been applied and the comprehensive weighted
balanced relation moedel of quality-cost, duration-cost and
quality-duration has been established mn the eferences
(Dan et al., 2011; Li et a., 2008; Wang et al., 2004).

Based on current research, there are still problems like
the difference between cuwrent situation of relative
planning control optimized research and practical state,
neglect of collaborative effects and lean operation and the
simple weighted method used for dealing with the
relations of quality, duration and cost. This paper focused
on the LESM planning control optimization problems.
Combimng with the typical companies, the lean logistics
was integrated into operational plamming and centrol
process and Taguchi quality loss function and penalty
factor were introduced to establish a quality-cost-duration
collaborative model. Also, taking quality-cost-duration
mnto account, a multilevel and multi-objective collaborative
optimization model was constructed. And model algorithm
was explored. In addition, they lay a theoretical
foundation for large equipment enterprises to transform to
service manmufacturing.

ANALYSIS OF PLANNING AND CONTROL
FOR LESM

Necessity of collaborative optimization of planning and
control for LESM: The LESM planning and control
belongs to a multi-level and multi-objective collaborative
optimization problem. The main task is to build a
collaborative optimization model and explore collaborative
optimization algorithm. As a result, the multi-level
collaborative optimization is to minimize the cost of
subentry and the overall project. That is multi-objective
collaborative optimization of quality, duration and cost.
The relationship among quality, duration and cost is

opposed as well as unified mutually (Wang et al., 2004).
These tlree goals are interconnecting, mterplaying and
intercoupling. It 1s hard to get a satisfying outcome if only
pursuing one centrolling target. So 1t needs to
collaboratively comsider equilibrium optimization of
quality, duration and cost.

Lean logistics objective of LESM planning and
control: The lean logistics objective of planning control
is to realize the continuity, coordination, equilibrium and
economy. The continuity means just-in-time (JIT)
operational method with closely joined links. No waiting
and tardiness happens to make sure the due date. The
coordination 1s that various resources involved m service
should be umfied commanded and work closely i unison,
not shuffle, not wrangle. The equilibriiun will control the
load and progress and prevent crashing to ensure the
safety and quality. And the economy means that the
overall plamming and schedulng of the sequencing,
quantity and time of various resources and decreasing the
waste to reduce the operational cost. Therefore, the lean
logistics goal will be reflected in the quality-duration-cost
of overall project and subproject.

RELATION MODEL OF QUALITY, DURATION
AND COST

The relation models about quality-duration-cost
among quality-cost, duration-cost and quality-duration
were used to be established by applying the theory of
multi-attribute utility function (Dan et al., 2011) and be
weighted comprehensively. However, we thought the
relation among quality, duration and cost cannot be
simply weighted. Quality and duration for a project are
both related to cost and they also have dialectical relation
themselves. The three objectives of quality, duration and
cost can be converted to cost single objective to
optimize, through applying the relationship model of
quality-duration-cost, in which quality and duration
targets are both converted to the cost target. It 1s more
operable and practical. In this paper, Taguchi quality loss
function was adopted to build quality-duration-cost
relation model.

Relation model of quality and cost: The quality cost
mode is built depend on quality loss function. If the
normal target cost for term 11is C', the quality loss is C,
the quality target value is Q.°, the quality loss coefficient
K, the real quality is Q; and the penalty for quality issues
is F}, then the quality loss is:

Cqu = kq (QIJ-QIJO)2 + Fl_]q (1)
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Relation model of duration and cost: The relation
between cost and duration 1s similar with quality
and cost. So the duration loss function can be reached
by quality loss function. Assuming that the loss for
term 1 caused by duration change is G, the target value
1s T°, the coefficient is K, and the real duration is T,. The
penalty for tardiness 1s F/, so the duration loss function
18!

Cuu = kt (Tij_TuO) + Fut (2)

Relation model of quality-duration-cost of multi-level:
For LESM project which has 1j sub-projects, the quality
loss for ijth term is: C™ = k, (Q;Qi+F § and the
duration loss for ijth term is: C* = k, (T,-T{) + F .
Considering the quality loss and duration loss, the
real cost for yjth term C; is equal to the sum of the
target cost C,° quality loss G and
duration cost C;*. Then the coordination model of

normal

quality-cost-duration is expressed by the equation as
followed:

O Ly Lt _ ~0O
C=C +C"+Cy =G +

(ol%r} 052
kq(Q;ij;]) +F,?+k¢,(r1—;] 7Tij) Jrijt

3)

Therefore, the total real cost C for the entire
project equals to the sum of the real cost for all
sub-project:

n om n m

C=22C =2 X C+C+C

i=l =l i=l =l

5 4
:ZE[C§+kq(Q11_Q§)2+ W

i=1 j=1

[o RV} 3
kt(T‘J —’EJ ) +F‘f+F‘J]

Consequently, it turns the quality, duration and cost
problems into cost problems and multi-objective into
single objective. Tt can also evaluate the project and
resources’ performance efficiently.

MULTI-LEVEL AND MULTI-OBJECTIVE
COLLABORATIVE OPTIMIZATION MODEL

Basic hypothesis: (1) Only to study the collaborative
planning control between compenies that offer services
and resowces and not to involve the internal operation
process of each company. (2) No interruption of service
task during execution and the start time of every subtask
is restricted by sequence. (3) Every subtask is only
but

implemented by one federated resources each

resource can undertake multiple manufacture and service
task at the same time. (4) The operation mode 15 JIT,
1gnoring the mventory cost.

Parameter setup: Assuming m the contract of certain
LESM project, the total price 1s . The required quality 1s
(Q° and the due date is . There are , federated resources
involved (FR = {k, k=1, 2, ..., K}). Thus LESM project is
I=4T=1,2n} subentryis T=§j=1,2, ..., m} and the
loweritem is P={ijp, 11,2, ....,n,j=1,2, ..., q}. For Pth
item in the jth subentry of the ith project, the service price
P;.. number N, quality Q. due date t,, the expected
value of due date T, start time ts;, and finish time te; are
expressed clearly. And { is the random factor of
allowance.

Establishment of collaborative optimization model:
Through  establishing  the  quality-duration-cost
collaborative  model considering multi-level
collaboration, the non-linear multi-level and multi-

and

objective collaborative optimization model for LESM
planning control is built.

The project’s
collaborative optimization mode:

whole quality-duration-cost

Z(C)=Miny >’ [c;’ +k (Q; - Qf; ¥

e &)
+k, (T; - ijo Y+ K} + ]
max max max te,, — minminmints, <D (6)
ien  jem  peq in jem  peq
ts, +M{l-y, ) =te . ienrpeq (7
tey, —ts;, + L 1.ien, jem,peq (8)

M is any positive number:

=1,if pfinishes earlierthan r
Vi )= 0, otherwise

Equation (6) 1s the duration target of the total project
and it requires that the time difference between the earliest
starting sub-project and the latest finishing sub-project
should not expire the period of the whole project.
Equation (7) 18 the constramnt of time sequence among
each subentry and Eq. 8 is the constraint for duration of
subtask. Also the finish time te;, minus start time ts;;, and
plus time allowance { should not larger than the duration
T;,- In addition, y; is a decision variable.
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ALGORITHM DESIGN OF SIMULATION
AND GENETIC

The method of simulation modeling and genetic
algorithm 1s integrated to solve this dynamic, non-linear
and multi-objective optimization mode and to get the
optimal solution:

Step 1: Simulation modeling (SM): The object-oriented
simulation software Plant Simulation is used to
build the simulation model and set the
parameters of certain large equipment complete
service

Genetic algorithm (GA): (1) Coding: Such as
project item is ij, the chromosome gene code is n
(n=1, 2, ..., i¥) and the length is iHj for ijth
subentty. The code for federated resources FR,
.18  and it’s string type. The result of decoding
is the matrix [ij, FR, T, t.]; (2) Fitness
evaluation: from Eq. 5, fowe e minz 0 & (3) Genetic
manipulation: including generation number,
generation level, population size M, crossover
rate pe, mutation rate pm and termimation code
and so on; (4) Terminal condition: the

Step2:

Table 1: Basic data for LESM project

termination method is to decide a higgest genetic
generation number T and the iteration will end
automatically when it reaches the pre-set biggest
reproductive generation number

CASE STUDY FOR LESM

Sample data and basic requirement: There 15 a LESM
project which is a complete service of design,
manufacture, construction and installation and debugging
for a new dry process clinker product line with daily
output of 4500 tons of cements and its preheating power
generation equipment. The total value of the contract is
186 million Yuan (¥) and the total duration required is
420 days. There are 7 main federated resources or partners
(not including some suppliers and outsowrcing) through
tendering and bidding. The decomposition and basic data
of project are shown in Table 1. According to the
contract, the penalty for delaying is 10, 000 Yuan day™.
The unqualified products must be reworked to guarantee
the quality at their own cost, otherwise, the unqualified
products cannot get paid. The ability of logistics
transportation can be guaranteed and it will follow the
conductor intime. So it will not affect the duration and

Price (Wan yuan) Duration  Pre-task Target cost (Wan yuan)
Subitem i (9) Subentry (j) Pij (18600) Tij (66) Cijk K Source code
Engineering design Preliminary design 50 8 40.0 1
Process design 400 58 10 102.4 2
Civil engineering design 250 44 10 131.2 3
Public design 260 50 10 81.2 4
Main equipment manufacturing Cement Equipment 6695 93 10 5802.2 5
Power generation 3720 103 10 3422.4 [
Auxiliary Equipment procurement  Auxiliary cement equipment 445 60 10 386.5 10
Auxiliary power generation 670 60 10 579.7 20
Civil engineering construction Plant building 2200 100 12 1902.4 30
Foundation of equipment 880 92 11,41 731.2 40
Installation and trial mn Cement equipment 2100 100 11,21, 4, 3 1802.4 50
Power generation 780 100 11,22, 4, 3 631.2 60
Road network greening a0 92 13,4 150.0 70
System counection 0 8 5 0.0 0
Linkage test 0 22 6,7 0.0 0
Table 2: Parameter setup for LESM modeling
Project Duration Target cost Project start Project rework Project ends
Project name code (days) (wan yuan) svimbol svimbol svmbol
Preliminary design 10 8 40.0 spl0 spfl0 spel0
Process design 1 58 102.4 spll spfll spell
Civil engineering design 12 44 131.2 spl2 spfl2 spel2
Public design 13 50 81.2 spl3 spfl3 spel3
Cement equipment manufacturing 21 93 5802.2 sp21 spf21 spe2l
Power equipment manufacturing 22 103 3422.4 sp22 spf22 spe22
Purchasing cement mriliary 31 60 386.5 sp3l spf3l spedl
Purchasing power axilary 32 60 579.7 sp32 spfiz spedl
Plant building 1 100 1902.4 spdl sptil spedl
Foundation construction 42 92 731.2 spd2 spf42 sped2
Cement equipment installation and trial run 51 100 1802.4 spS1 spfs1 speS1
power generation installation and trial run 52 100 631.2 sp52 spf52 spe52
Road network greening i} 92 150.0 spi spfs spef
System counection 7 8 0.0 sp7 spf7 spe’
Linkage test 8 22 0.0 sp8 spiB spe8
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Fig. 1: Plant simulation model

quality, which will be ignored in this paper. The
requirement is to solve the optimal project plan and to
evaluate the control, { = 0.10.

Establishment of simulation model based on genetic
algorithm: (1) Parameters setup: The quality 13 qualified
to 1 while unqualified to 0. Quality loss coefficient 1s p
times as much as target cost. The parameters like ratio is
p = 0.1 of reworking fee to objective cost. These are
planned to calculate the Method program of the objective
function value C, quality loss function value LQ and
duration loss function value I.T. Other parameters are
shown in Table 2. (2) Establishment of simulation model
based on Em-Plant: According to the simulation model 1s
built by Plant Sinulation, as shown in Fig.1. The firush
time for each subtask must meet the requirement of the
lean operation which is delivery on time, no advance and
avolding the waste. (3) Genetic algorithm setup: The
number of genetic race 15 20 and the population size 1s

—Best solution
——Average
—— Worst solution

15920

159101
15900 1
158901
158801

Fitness

15870
15860 1
158501
15840

158301

Generation
Fig. 2: Convergence value of fitness

100 with the crossover probability of 0.9 and mutation
probability of 0.15. The start time of subtask 1s the

8253



Inform. Technol. J., 12 (24): 8249-8255, 2013

19032011 08:00.08-Project in the model ‘Framd’

z
S)

Resource/order | Jut ]
RS

I o S A o I N L N o
R IETE R CEEENE

Apr

4 30 06 12 16 24 30 05 1L 17 23 2905 11 17

3 19 25 319(IBIIE. .. PG IS BOMOULY [y PCV

ol of ~| of | ] w| ] =
IS

]

[
B
£
a1
N

[
~
2
o
=

._.
w
e

£

-
3}

o

Fig. 3: Gantt chart for LESM project

optimized parameter and the quality-duration-cost
collaborative optimization mode is the fitness function.

Result of simulation experiment: The convergence value
of fitness 1s got by simulation optimization (Fig. 2). The
x-axis represents the generation number and the y-axis
represents the fitness. Tn the graph, the best solution
(red), the average value (green) and the worst solution
(blue) are calculated. The best evaluated fitness is
158, 268, 544 Yuan and the Gantt chart for the best
solution is illustrated by Fig. 3

CONCLUSION

Lean logistics was integrated nto operational
planning and control process firstly and the relations of
quality, duration and cost were discussed. Secondly,
Taguchi quality loss function and penalty factor were
introduced to establish a quality-duration-cost relation
model based on the cost. Thirdly, a multilevel and
multi-objective collaborative optimization model was built.
Model algorithm was designed using SM and GA method.
And the efficiency of the model and algorithm was
testified through the sample study. In conclusion, they
lay a theoretical foundation for large equipment
enterprises  to  transform  to  service-oriented
manufacturing.
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