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There is great safety risk in the transportation process of dangerous chemicals. In the commercial
transportation of dangerous chemicals, it is of great significance to design reasonable transportation path of
dangerous chemicals and to minimize the transportation cost of dangerous chemicals under the condition of
ensuring transportation safety. This study deals with the transportation scheduling of dangerous chemicals,
and constructs a risk and cost assessment model for dangerous chemicals transportation scheduling which
aims at minimizing transportation risk and transportation cost. TR model is used to measure the risk in
dangerous chemicals transportation scheduling process, a constraint variable considering the distribution
order and a symbolic function for improving the solving speed of model are introduced to simplify the existing
model. The improved particle swarm optimization (IPSO) is used to solve the proposed model. Based on the
simulation experiment, IPSO is compared with the traditional particle swarm optimization (TPSO). The
experimental result shows that IPSO has more excellent global search efficiency, obtains a better non-
dominant solution, and reduces the transportation risk and transportation cost in the actual transportation after
calculation. When the hybridization probability p = 0.6, IPSO proposed in this study has the best effective
frontier.

1. Introduction

Along with the rapid development of society, more and more industrial enterprises use dangerous chemicals
that are inflammable, explosive, corrosive and infectious (Topuz et al., 2011). Improper management of
dangerous chemicals during transportation and storage can cause great damage to personnel property and
the surrounding environment (Kara et al., 2003; Zhao, 2007; Liu et al., 2011; NijoleBatarliene, 2008). It is of
great significance to design a reasonable transportation path for dangerous chemicals so as to minimize the
transportation cost of dangerous chemicals while ensuring transportation safety (Han et al., 2014; Jiang and
Ying, 2014).

The transportation modes of dangerous chemicals include railway transportation, road transportation and
railway-road hybrid transportation. Railway transportation requires the establishment of large-scale storage
and transfer centers for dangerous chemicals near railway stations, which greatly increases the overall
transportation cost (Caliendo and De, 2017). Therefore, road transportation is the main means of
transportation of dangerous chemicals at present (Liping et al., 2013). Transportation of dangerous chemicals
can be considered as vehicle routing problem (VRP), and many researchers have studied the logistics
transportation of dangerous chemicals. For example, Pradhanangad et al. consider the influence of the
maximum load of the vehicle and the number of people along the road on the choice of vehicle path
(Pradhananga, Taniguchi and Yamada, 2010; Pradhananga et al, 2014); Tarantilis, et al., uses the LBTA
algorithm to find the optimal distribution path of dangerous chemicals (Tarantilis and Kiranoudis, 2001);
Zografos et al. has studied the transportation of dangerous goods based on the hard time window method
(Zografos and Androutsopoulos, 2008); Erkut et al. study the distribution path optimization of dangerous
chemicals under the three optimization objective conditions of transportation cost, transportation expected
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effect and transportation affecting population (Erkut and Ingolfsson, 2000). Kang introduces the concept of
“VaR” into the safety assessment of dangerous chemicals transportation (Kang, Batta and Kwon, 2014). Most
of the above researches consider the influence of various potential risks on the transportation of dangerous
chemicals, but few consider the optimal distribution of dangerous chemicals under the dual constraints of
transportation cost and transportation risk.

Based on the deficiency of the above research, the risk and cost assessment model of dangerous chemicals
transportation scheduling is constructed in this study, which aims at minimizing transportation risk and
transportation cost. TR model is used to measure the risk in dangerous chemicals transportation scheduling
process, a constraint variable considering the distribution order and a symbolic function for improving the
solution speed of the model are introduced at the same time. The IPSO is used to solve the proposed model.
The conclusions can provide theoretical reference for risk and cost assessment of transportation and
scheduling of dangerous chemicals.

2. Risk and Cost Assessment Model for Transportation Scheduling of Dangerous Chemicals

TR model is used to measure the risk in the transportation and scheduling process of dangerous chemicals. A
single transportation vehicle is arranged to distribute the goods to each demand point sequentially after
starting from the storage bin, and finally returns to the storage bin. The quantity of dangerous chemicals in the
distribution vehicle is dynamically changing, so the more goods are unloaded by the transportation vehicle, the
smaller the risk of occurrence of the accident is. Then the transportation risk rjcan be expressed as
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The total demand for dangerous chemicals distributed by vehicle v is:
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If the min demand point happens to be on the distribution path of the vehicle v and the number of distribution
order of m is greater than k, then Formula 3 is equal to 1, otherwise Formula 3 is 0, and the carrying weight of
the dangerous chemicals when the vehicle v is on the ki distribution path may be expressed as:

ngr‘:wk : dm
m (4)

The first side of the delivery
path of the vehicle v, that is,
the cargo capacity of the rg-th
side is dg+dc+dp.

The access order of demand

Warehouse point B is 1, that is, rg=1

The second side of the delivery
path of the vehicle v, that is,
the cargo capacity of the rg-th
side is de+dp.

The last side of the delivery
path of vehicle v, the cargo
load is 0.

The access order of demand
point C is 2, that is, r¢=2

The access order of demand
point D is 3, that is, rp=3

The third side of the delivery
path of the vehicle v, that is,

the cargo quantity on the rp-th
side is dp.

Figure 1: Schematic diagram of vehicle distribution order of dangerous chemicals
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Taking the three distribution points as an example, the distribution order after the distribution vehicle starts
from the warehouse is explained as shown in Figure 1.

g i)

2 )

sny :sign(riv)-sign(rjv)-sign(‘(sign( ¥

Where, the sign function is used to determine whether each edge is in the distribution path of the vehicle, [(r}'-
r¥)+1]/2 is used to determine whether the distribution order is correct. According to Figure 1, Formula 2-
Formula 5, we can finally determine the vehicle’s load on any distribution path edge (i, j) as:
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The transportation risk of the distribution vehicle from the warehouse on any path may be expressed as
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The risk of the distribution vehicle starting from the warehouse to the first distribution point is not included in
Formula 7, and the distribution risk on this path can be expressed as
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The distribution cost of the corresponding distribution path may be expressed as
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When the distribution vehicle returns to the warehouse from the last distribution point, there is no dangerous
chemicals on the vehicle, so the risk of the distance is zero, and the distribution cost of the distance is
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According to Formulas 1-10, a risk and cost assessment model for dangerous chemicals transportation
scheduling can be established as:
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Formula 11 and Formula 12 are the optimization objective functions, representing the minimized transportation
risk and transportation cost respectively. Formula 13 and Formula 14 are constraint conditions of objective
functions. Formula 13 indicates that the amount of distributed goods is not greater than the vehicle load, and
Formula 14 indicates that each distribution point can only be distributed by one vehicle

3. IPSO

The IPSO is used to solve the two-objective optimization problem of dangerous chemicals transportation
proposed in this study. If there are n distribution points in the distribution path, each distribution point is
randomly initialized and two sets of scores are obtained. The first group determines the distribution vehicle
corresponding to the distribution point, and the second group determines the distribution order of the
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distribution vehicle. The initial solution of the problem is obtained by statistics of the components of all
distribution points.
If that initial solution population is X = (X1, X2,., Xn), the population is updated by Formula 15 and Formula 16

Vi =WV o (P = X ) +eon (Pl — X ) )

Xigh = Xig +Vg™ (16)
Formula 15 indicates that the iteration speed of the population is updated, and Formula 16 indicates that the
position of the population is updated.

The two-objective optimization problem of dangerous chemicals transportation is dealt with by non-dominant
solution and population hybridization, and the initial population is divided into two sub-populations, namely
child1 and child2, respectively.

child, = px parent, +(1— p)x parent, 17

child, = pxparent, +(1— p)x parent, (18)

The solution flow of the IPSO designed in this study is shown in Figure 2
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Figure 2: Solution flow of IPSO

4. Simulation Experiment and Result Analysis

0.48

047F o o Improved example | 4
* roup algorithm
046} . group alg ]
* Improved example
045} group algorithm

044} 0gy *
043f
042

Transportation risk

0411 °
0.40- °

0.39 . . . . .
350 400 450 500 550 600 650
Transportation costs

Figure 3: Non-dominant solution distribution of different algorithms

Furthermore, the validity of the risk and cost assessment model and solution algorithm for dangerous
chemicals transportation scheduling proposed in this study is verified. Taking one warehouse and 20
distribution points as an example, the initial population size is 100, and the maximum number of iterations is
1,000. The distribution of the non-dominant solutions obtained by using IPSO and TPSO is shown in Figure 3.
By use of IPSO, the optimal distribution path of the vehicle is obtained based on the lowest cost and the
lowest transportation risk, as shown in Figure 4. It can be seen from the figure that a better non-dominant
solution can be obtained by using IPSO and the transportation risk and transportation cost can be reduced at
the same time. The calculated effective frontier gives the optimal one-to-one strategy of transportation cost
and transportation risk so that researchers can make efficiently and quickly make transportation plan and
emergency measures.
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Calculated by IPSO, the cost optimal solution is (360.22, 0.4713), the risk optimal solution is (295.74, 0.3957)
and the number of non-dominant solutions is 10. The optimal cost solution is (420.86, 0.4883), the optimal risk
solution is (62.06, 0.4209), and the number of non-dominant solutions is 6 after removing the population
hybridization module. The cost optimal solution is (48.29, 0.4921), the risk optimal solution is (65.83, 0.4345),
and the number of non-dominant solutions is 8 when the population hybridization module is retained. The
results show that when the population hybrid module or the local search module is removed, the optimal
solution is worse than that of the IPSO, which shows that the two modules can improve the search efficiency
of IPSO. The population hybrid module can effectively enhance the diversity of the progeny population, and
the local search module can improve the quality of the optimal solution.
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Figure 4: Optimal distribution path of vehicle under different optimization objective conditions

Figure 5 shows the non-dominant solutions obtained by IPSO under different hybridization probability p
conditions. According to the theoretical calculation, when p<0.3 or p>0.8, the calculated non-dominant
solutions are all poor, but when 0.4<p<0.8, the corresponding relationship between transportation cost and
transportation risk is relatively good. It can be seen from the figure that IPSO in this study has the best
effective frontier when p = 0.6.
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Figure 5: Non-dominant solutions under different hybridization probability conditions

5. Conclusions

This study explores the transportation scheduling of dangerous chemicals, and constructs a risk and cost
assessment model for dangerous chemicals transportation scheduling, which aims at minimizing
transportation risk and transportation cost. TR model is used to measure the risk in dangerous chemicals
transportation scheduling process, a constraint variable considering the distribution order and a symbolic
function for improving the solution speed of the model are introduced to simplify the existing model. The IPSO
is used to solve the proposed model. Based on the simulation experiment, IPSO is compared with TPSO. The
experimental result shows that IPSO has more excellent global search efficiency. After calculation, a better
non-dominant solution can be obtained, and the transportation risk and transportation cost in the actual
transportation of the vehicle can be reduced. When the hybridization probability p=0.6, IPSO has the best
effective frontier. The conclusions can provide theoretical reference for risk and cost assessment of dangerous
chemicals transportation scheduling (Nie and Zhang, 2018).
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