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Abstract Car
auto-production-scheduling problem that meets certain

sequencing problem is a
conditions on the production line of cars.In this paper,
we propose an algorithm, ACO-sequencing, on solving
car sequencing problem based on ACO O which
introduces the two kinds of structure of pheromone. By
comparing the results of two kinds of pheromone
structure in the role of problemd we combine the two
kinds of pheromone to make it better to solve the
problem. At the same timel the optimization results are
improved step by step by changing the parameters.
Experiment  shows, our  algorithm has certain
advantages in solving efficiency.
Keywords—Car sequencing problem; Ant Colony;
Optimization; pheromone.
[. INTRODUCTION

With the rapid development of mechanization
and automation on assembly line, more and more
manufacturers are concerned about the Parallel
efficiency and scheduling problem of the assembly
line. European automotive companies rely on a
built-to-order production system, instead of a
built-to-inventory perspective which is typical of
American or Japanese automakers. The built-to-order
perspective tends to generate a very high vehicle
diversity in assembly plants, that is very different
vehicles and a great variety of car sequences from
day to day. Therefore, the order of cars assembled on
the assembly line is very important. If this problem
can be solved, we cannot only reduce time of
production, but of

also optimize the process

production and cut down the cost.

© 2015. The authors - Published by Atlantis Press

26

The car sequencing problem was first described by
in 1986!""

scheduling cars along an assembly line, in order to

Parello etc. This problem involves
install options (e.g.sun-roof, radio or air-conditioning)
on them. Each option is installed by a different
station, designed to handle at most a certain
percentage of the cars passing along the assembly
line, and the cars requiring this option must be spaced
such that the capacity of every station is never
exceeded. The problem has led to a research upsurge
after its presentation .

In 2005, the car manufacturer RENAULT had
proposed the subject of the ROADEF challenge
concerned the car sequencing problem !, which
(a of

participation !) coming from all over the world. So

attracted  twenty-seven teams record

far, the method to solve the problem can be
approximately divided into exact approaches (mainly
including constraint ~ programming, integer
programming and Ad-hoc method) and heuristic
approaches (mainly including the ant colony
algorithm, genetic algorithm and greedy algorithm).
this  paper,
ACO-sequencing,
Problem based on ACO (Ant Colony Optimization),

which introduces the two kinds of structure of

In we propose an algorithm,

on solving Car Sequencing

pheromone. Comparing the results of two kinds of
pheromone structure in the role of problem, we
combine the two kinds of pheromone to make it
better to solve the problem. At the same time, we
improve the optimization results step by step by

changing the parameters. Experiment shows, our


http://dict.cnki.net/javascript:showjdsw('showjd_0','j_0')�

algorithm has  certain  advantages  in solving
efficiency.
II. MODELING OF PROBLEM

What we consider is a special kind of car
sequencing problem proposed by Renault in 2005
which presents two different classes of Constraint
problems, which are batch paint constraint and
capacity ratio constraint, and here we solve the
second class of constraint problems.
A. Definition of problem
the car sequencing problem is defined by a quadruple
(V,0,p,q, 1),

where

* V= {vy,.., Vy} is the set of vehicles to be produced;
* O = {04,..,0n} is the set of different options;
*p:0- INand q : O — IN define the capacity
constraint associated with each option 0;€ O; this
capacity constraint imposes that, for any subsequence
of Q; consecutive cars on the line, at most p; of them
may require 0j;
*r:V x0O— {0,1} defines option requirements, e.g.
for each vehicle Vj€ V and for each option 0;€ O,
rji= 1 if 0; must be installed on vj and r= 0 otherwise.

B. Solution of the problem

a sequence of cars: =< Cjp >

C|2 L) Clk

Aggregate sequences: [| c

The length of a sequence:|nm|(the number of the

sequence.

The connection of two sequences: ™ E;zz .

The cost of a sequence m:

cost (M= Y ZVioIation(ﬂk,oi)(l)
0;€0 7k gzr&&lﬂk\:qi
Where violation (ﬂ'k 0 ) =
0 if Zl‘u < pi
<Cic k>
1 otherwise )
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the solution of satisfied data: ©m = < ¢

il
Cjp » -Cj “toget cost(m)=0
the solution of unsatisfied data To=< G
Cio * -~ Cik >to get the cost(m) as small as possible.

III. SOLVING ALGORITHM

With the development of people’s research on
biological group and social behavior, the algorithm
based on artificial-intelligence theory is promoted
gradually ). Ant colony optimization algorithm is an
highly innovative heuristic algorithm inspired by the
real foraging behavior of ants. When Ant System
(AS), which is the first algorithm in line with the
ACO framework, is introduced, researchers have
been trying to improve the design of it, e.g. Elitist
Strategy for Ant System (EAS), Ant-Q algorithm, Ant
Colony System (ACS), Max-Min Ant System
(MMAS) ™ etc. and they have different effects in
practical application. The algorithm proposed in this
paper is called ACO-sequencing Algorithm, which is
an improved ant algorithm that can be used to solve
car sorting problem.
A.Algorithm Framework

Ant-Solver Plis an ACO solver for CSPs. The
overview of this algorithm is as followed: the ants set
value for all variables and when all of them finish
assigning values, the pheromone will be updated to
complete an iteration.

When one solution that meets the constraints is
found or the algorithm reaches the maximal iteration
number, the iteration will be stopped.

1 Set parameters and Initialize pheromone

trials

2 repeat

3 for k in 1.nbAnts do: Construct an
assignmentAk

4 Update pheromone trails using

{ AI""’ A]bAnts }



5 until cost( A )=0 for some i € {1..nbAnts}

6 or max cycles reached
B.Solving Thought
Based on the basic principle of ACO, another
three optimization strategies are imported and they

(6-7) that can accelerate

are as followed: Elite strategy
convergence rate, that is to say, only the pheromone
between the car nodes that are in the car sequence
with the least cost; Maximal-minimal ant system, to
prevent the algorithm converging too early, when the
pheromone is updated, extreme value is provided to
keep it in scope of this maximum number and prevent
too early convergence to non-optimal value; Negative
feedback, pheromone will volatile to keep the balance
of convergence rate, that is to say,pheromone will be
reduced by a volatile rate ( p ) before it is updated so
that to keep the balance of convergence rate.

According to the analysis of car sorting problem,
two information structures "*! are introduced. The cars
are abstracted for nodes and the first pheromone is
introduced to identify the better cars( to make the car
sequence with lowest cost). The pheromone is
released among cars by ants to make the choice of
next car according to transformation function with
lowest expense. For cars with the same requirements
belong to the same class,so the second kind of
information structure is imported to choose the key
cars and the cars with the same type are regarded as
one node where the ants will release pheromone.

(1)ACO bases on two pheromones
[7,(c,,c)]" ® [7,(classOf(c,))]

p(c;,cand, )= ” (3)
Y [a(epe)l o [7,(classOf(c)]
cecand
if the last car of 7T is c
[z, (classOf(c;))]™ 4

p(c,,cand, ) =

> [z, (classOf(c, )]
ckecand
if 7z = <> In the above formula,

Cand: Candidate car set m: Sequence of chosen cars,

‘[S_C jC ? represents the value of first pheromone.
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rz(classOf(C.) represents the second pheromone in
i

the type that ¢ belongs to.

(2)ACO-sequencing bases on the improvement in
ACO, add environmental variable factor .
En is the environmental factor; Ants are affected by

the environment in the process of choosing a car, the

value is a random number in the interval of [0,1]. «;:

The weight of environmental factor.
C. The Description of ACO-Sequencing Algorithm.
The description of ACO algorithm solving car
sorting problem is as followed: The car sequence is
set to 0 initially and when 7 is smaller than the total
number, the candidate cars are chosen to make the car
with lowest expense and the car is chosen to add to
the list & to complete a loop. When a car sequence is
found or reaches the maximum iteration times, the
algorithm stops iteration and output sequence 7.
Input: an instance (C, O, p, q, r) of the car
sequencing problem

a transition probability function p : C x P(C)

* e —[0:1]

Output: a sequence < that contains each car of C
once

l-e—>

2-while [n|<| C | do

3- let C—=t denote the set of cars of C that are not yet

sequenced in ©

4- cand « {ck € C-7Vc j € C—m, cost(n. <
C
k

>) < cost(m. < cj >) and

5-(V0; €0, &

i rji Y= (k<j)}

6- choose c i € cand w.r.t probability p( Ci , cand, 1)

7-n<—n~<ci>

8-end while

9-return nt



D.Experimental test

In order to test the performance of the algorithm in
this paper, test data from CSPlib ' (A problem
library for constraints) is introduced and divided into
two groups and one is satisfied data and the other one
is unsatisfied data. The size of each group is one

hundred, two hundred, three hundred and four

The
experimental environment is Windows XP operating
problem, COREi3 2.20 GHz CPU and 2G memory.

The settings of parameters are as shown in Table 1.

hundred according to the size of cars.

The setting of ACO parameters belongs to the first
algorithm and the one of ACO-sequencing belongs to

the improved algorithm.

Tablel parameter setting

& P Tminl | ‘maxl @ % | P2 "min2 en e
ACO 2 1 0.01 0.01 4 6 | 0.03 1 - -
ACO-sequen
. 2 1 0.01 0.01 4 6 | 0.03 1 0-1 2
cing

IV.THE ANALYSIS OF FIGURE

Figure 1 and figure 2 show the results of test
data in the CSP lib (the maximum cycle times
n=5000, the number of ants m=30). From the figures,
when the number of the test data is smaller and the
test data can be sat, the method of
adding environmental factors to solve the problem,
which increases the amount of computation by

the introduction of environmental factors but speeds
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up the speed of convergence to the solution of the
problem, obviously optimize the result; when the
number of the test data is bigger and the test data
cannot be satisfied, the method of
adding environmental factors to solve the problem,
which increases more computation, the effect of
The

algorithm works in the optimization of the problem

optimization isnot obvious. improved

overall.
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Fig.1 The histogram of the test results of sat data
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Fig.2 The histogram of the test results of unsatisfied data

V. CONCLUSION

In this paper, the car sequencing problem is
introduced, extract the effective information based
on the analysis and put forward two kinds of
pheromone Structure from the problem model. The
first kind of pheromone is released between two
car nodes. According to this pheromone, we can
choose the car nodes to make the sequence cost
smaller each time; The second kind of pheromone
type

the two pheromone

structure is released on each
of car nodes. According to
structure, we

propose an algorithm

ACO-sequencing, solving the car sequencing
problem to choose the key car node that have
influences on the cost of sequence greatly. In
addition, considering the choice influenced by the
environment, we optimize the result by adding the
The environment factor is

environmental factor.

random, so to some extent ithas retained its

positive effects on the choice .
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