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ABSTRACT

This paper presents the ALNS metaheuristics, employing the idea of DE to snlve the mechanical harvester as-

proposed h-:auru-.l:ms This demnn:-.l:rate:, r_lmt the proposed hEIJI'lhI:lL.a are fery e | t only useful fi
reducing the infield operations costs of small growers, but also for efficignt manag bound lopistics

equipment and machinery of the sugarcane supply system.




Abstract: The power fluctuations of grid-connected photoualtaic (PV) _sustems bayve negative
impacts on the power quality and stability of the utility [grid. this gtugly, the combiaations
of a battery/supercapacitor hybrid energy storage system | I—]'EE':-.':_':«PmrI FYA: curt rilment
are used to smooth PV power fluctuations. A PV power murtailment alaarithm i develiped to

limit PV power when power fluctuation exceeds the power capacity of the HESS. A multi-objective

state of charge (50C) of the supercapacitor. To prevent the-C2Tswli-tn 8 wppryaching
their lower limits, a 50C correction strategy 1s proposed to correct tige WCiHEﬁESS. M reover,
this paper also investigates the performances (such as the s moothi 3 Ioegiand life time of
energy storage, and system net profits) of two different smostvg straiegiosmdladig i nethod
of using the strategy. Finally, numerous simulations are carried out

on data obtained from a 750 kWp PV plant. Simulation resu ts indicate that the proposed mi thod is
more economical and can effectively smooth power fluctuati »ns n:q:rmPReSUIftmethnd of using
the HESS.

Keywords: photovoltaic (PV); power fluctuation; hybrid energy storage system; power curtailment




bstract Problem

In this paper, we present an ant-based algorithm for solving unconstrained| multi-level lot-sizing problems callec ant system ffor
multi-level lot-sizing alporithm (ASMLLS). We apply a hybnd approach where we use ant colony optimization in order to find a
ood lot-sizing sequence, 1.e. a sequence of the different items in the product structure in which we apply a modified Wagner—Whjtin

algorithm for each item separately. Based on the setup costs each ant generates a sequence of items. Afterwards a simple single-stjpe
= : : . . _ e L o e . . B SO AP

ra)

Ol-s1ZIng sequence, on the ilems which have been lol-sized before, and on [vo Turtheg p Jegs. whichgare (nied |0 be improfred
f a systematic search. For small-sized problems ASNMLLS 18 among the D 2st algo :dinm- ind large-sizef
feblems it outperforms all other approaches regarding solution aualitv as wzll as computational time,

4§ 2005 Elsevier Ltd. All nghts reserved.

Kpwords: Ant colony optimization; Multi-level lot-sizing; Wagner—Whitin algonthm)| Matenal IEER@G l]j'llﬁ
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1. Introduction

Sugarcane is an important crop for Thailand’s economy. Presently,
the Thai sugar industry is faced with difficulties of increasing produc-
tion costs. They are thus searching for solutions to improve the profit-
ability for both sugarcane growers and the sugar mill industry. In
Thailand, the cost of sugarcane harvesting and transportation comprises
a large portion of the Thai sugarcane total production cost, with the
average cost of harvesting accounting for 66% of the total labor cost, or
equivalent to 35% of the total cost. The average cost for sugarcane
transportation was 2.79 US$/ton in 2003 (Office of Agricultural

time than manual harvesting and loading. However, a mechanical
harvester is very expensive. The fuel costs have risen significantly
faster, over the past many years, than the growth in the sugarcane pric:
paid to growers for sugarcane delivered to the mill (Sethanan anl
Neungmatcha, 2016).

Most sugarcane growers in Thailand (approximately 80%) ar:
small-scale growers. Since most of them do not normally possess me -
chanical harvesters, at present these growers rent a mechanical hai-
vester from outside people who own mechanical harvesters. However,
the outside people are not under contract to the mill, which usuall s
leads to paying unfair hiring costs, in cash, for harvesting, loading an |

and wansporiaon. . VTOLIVALTOH, PESe aBEGUESTIGI g~ e """« P e

Presently, infield machinery use, particularly in harvesting opera-
tions, has increased, since labor wages have risen greatly, and less labor
is available for manual infield work (Neungmatcha and Sethanan,
2015). In many parts of the world where sugarcane production is
steadily increasing, the harvesting mode has switched from manual
harvesting to the use of mechanical harvesters (Salassi and Champagne,
1998). This is likely to be the most crucial factor in reducing future
sugarcane production costs (Ahmed and Alam-Eldin, 2015), since it can
complete the harvest faster with more sugarcane harvested per unit of

These special problems prevailing in this industry relate to its
having limited resources and intense competition. As a result of -
source constraints, the operating costs have increased greatly, espe-
cially for the inbound logistics process that involves planting, hai-
vesting, and transportation, all of which need cost reduction. I
practice, the small-scale growers are not able to manage all procedures
effectively, because of their lack of bargaining power and inadequat :
resources, which may eventually force them to give up growing st -
garcane or to shift to other economic crops. The Office of Agricultur: |
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available mechanical harvesters to service the needs of small-scale
growers. In the mechanical harvester allocation problem (HAP), it is
decided when and where each mechanical harvester should be assigned
to which sugarcane fields, while in the mechanical harvester routing
problem (HRP), the route of each mechanical harvester is decided. A
key input to the HAP is the total time available for each mechanical
harvester, and also the total number of mechanical harvesters available
in each time period. These inputs depend on the harvest schedule as-
signed to sugarcane fields for the previous periods, a decision that be-
longs to the HRP. Thus, the two problems are closely connected, and it
is therefore likely that higher quality solutions can be obtained by
solving a model integrating the two problems. Since each sugarcane
field should be harvested differently at each time period, due to its
commercial cane sugar (CCS) value, a harvesting scheduling at a proper
time is required to increase CCS yields. In this paper, we consider the
mechanical harvester assignment and routing problem with time win-
dows (HARPTW) to maximize the total areas serviced by the mechan-
ical harvesters under a resource sharing system.

However, there are no publications on the HARPTW, and there is to
date no research that has applied Adaptive Large Neighborhood Search
algorithms (EIN trm S was proposed by
Ropke and Pising m allowing repair op-
erators and multiple destroy to be used within the same search. A de-
stroy operator is chosen at each iteration, on the basis of choosing
probabilities which are adjusted dynamically during the search process,
according to the performance obtained b],r the operators in the previous

ta . __ ot _ __ _ rea_ _ _+_ ¢ [n Tas Ik Th - - - __al_ al AT RTao L L __ _ 1t _ 4 t_
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in the incomplete solution, such as destroy the list of customers in the
VRP problem that has not yet been routed, then the repair method has
been applied. For the repair method, a good constructive algorithm is
hidden inside it to get a good solution. The final solution will be more
flexible, since the destroy and repair methods have been executed only
in the complete solution.

The remainder of this paper is organized as follows. In Section 2, a
brief literature review of the HARPTW problem and its variants is
presented. In Section 3, the mathematical model is developed. In
Section 4, the ALNS for the HARPTW problem is presented. Computa-
tional results are discussed in Section 5. Finally, the conclusion and the
future research direction are presented in the last section.

2. Literature review

Recently, the feedstock supply to sugar mills has received significant
attention in the academic literature. Most work on the sugarcane in-
dustry has been divided into value chain optimization, harvest sche-
duling and transportation (Lamsal, 2014; Sethanan and Neungmatcha,
2016). However, most work on the sugarcane industry relating to su-
garcane mechanical harvesters has been done in the last 10 years on
mechanical harvester scheduling. The route planning of a sugarcane
mechanical harvester in the sugarcane supply system has been studied
to manage the supply system for the mill to ensure continuous feed and
low operational costs, such as in the research study of Jiao et al. (2005),
Higgins (2006), Diaz and Pérez (2002), Le Gal et al. (2009) and
Sethanan and Neungmatcha (2016). Yet, to the best of our kmowledge,
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2. Literature review

Recently, the feedstock supply to sugar mills has received significant
attention in the academic literature. Most work on the sugarcane in-
dustry has beef\ffystiretart eeh arbiches harvest sche
duling and transportation (Lamsal, 2014; Sethanan and Neungmatcha,
2016). However, most work on the sugarcane industry relating to su-
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to manage the supply system for the mill to ensure continuous feed and
low operational costs, such as in the research smii}r of Jiao et al. (2005),
iggne coQtherrelatadarticlies: (oo an
Sethanan and Neungmatcha (2016). Yet, to the best of our knowledge,
none of the literature addresses the integration of assignment and
ﬂilﬂ.lu;j.ll_g U: EUEH.[I:H.IIE lllﬂ:il-ﬂ.ll;.(_'-ﬂ.;. il-l':'l.["'l"!:ﬁ-lﬂ.[ﬁ Ly L;.IE EUEH.IEH.I.IE l..l-.El..{...I.b,
under the limitations of the mechanical harvester availability and the
CCS value of sugarcane fields.

Harvesting scheduling is an interesting topic in the optimization




batching problem. The ALNS/TS shows significant advantages on the
larger instances of the existing benchmark sets, and can solve the newly
generated large-scale instances. Qu and Bard (2012) developed a
greedy randomized adaptive search procedure (GRASP) for pickup and
delivery problems with transshipment. In this paper, adaptation of
various insertion and removal algorithms was specialized to accom-
modate transshipments.

Review of past research shows that despite the importance of the

integration of assignment and scheduling of mechanical sugarcane
harvesters to the sugarcane fields under the limitations of the me-
chanical harvester availability and the CCS value of sugarcane fields,
this aspect of the problem has remained neglected. Therefore, this
paper contributes to ghe lit eveloping the mathematical
model for the HARP glrﬁ[t‘lih”b?rﬂﬂeﬁs f]ﬂﬂSidﬂI’iﬂg the NP-
Hardness of the problem, an effective ALNS that employs the idea of
Differential Evolution (DE) is designed to solve large-scale problems.

Over the last decade, DE, first introduced by Storn and Price (1997), has
been one of the best evolutionary algorithms, and is used extensively in

various fields, since its features make it very attractive for numerical
opumizanon (Lecnampal et al., 201 7).
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PROBLEM DEFINITION

(a) Unsolved problem (b) A possible solution of the problem
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systen
Inpu : V;
paj T Pseudo code

Randomly generate an initial solution V; update V;" = V; and f (V") = f(V;)
If number of iterations/solution quality less than predefined number
then do
Generate candidate solution V; by
Randomly select the destroy method
- Select Destroy Method (select the destroy method using probability)
- Perform the selected destroy method.
Randomly select the repair method
- Select Repair Method
- Perform the selected repair method.
Update V; by
v ={ S0 210
AV or Vpwith prob 1 =5if f(V)) < f(V,)

Update f(V;) if f(Vi) = f(Ve)
Else end the algorithm
Output : V,

Fig. 2. General Procedure of ALNS.



solution | Solution 2 Solution|3
Harvester | | |Harvester 2 |Harvester 3 |Harvester 1 |Harvester 2 |Hagvester 3 |Harvester 1 |Harvester 2 |Harvester 3
Fl F2 F8 Ega_n%rjkl F8 Fd Fs
Fé F5 F9 9 F9 Fl F7
F10 F10 F3
JoU ran Y34 rai a4y ran
V=V2
v
Solution
Harvester | | Harvester 2 | Harvester 3
F3 F4 Fl
F2 F& F9
F10
939 rai

Note: Fy, F;, ..., Fg = Sugarcane Fields, 1 rai = 0.16 Hectare, V = Solution

Fig. 3. Examples of 3 randomly constructed solutions (V1, V2, and V3).




The selected Destroy and RE[]-E[II‘ methods in a particular iteration are

allowed to add a II'EW t?m scores. The new score is
assigned using the following ru

(1) Add 10 scores when the new best solution is found in that iteration.

(2) Add 8 scores when the solution found in that iteration is better than
the accepted solution in the previous iteration.

(3) Add 6 scores when the solution found in that iteration is worse than
that of the accepted solution in the previous iteration, but it is ac-
cepted as the next current solution using Formulas 1-5,

(4) Add 4 scores when the solution found is not accepted by Formulas

1-5.

Then the current score is updated and Roulette wheel selection is
used to pick one of the Destroy and Repair methods. For example, if the
current score of the Destroy methods 1-8 is 221, 432, 123, 451, 324,
225, 254 and 310, the total score for all methods is 2140. We use the
total score to find the probability of selecting each Destroy method by
use (score of each Destroy method)/(total score) and the result is 0.09,
0.18, 0.05, 0.19, 0.14, 0.10, 0.11 and 0.13. Then find the cumulative
probabilities of all methods which are 0.09, 0.28, 0.33, 0.52, 0.66, 0.76,
0.87 and 1.00. Finally, a random number is generated. For example, if
the random number is 0. E-Er then DES‘IU}F method 5 will be selected.
[hi
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2. Research meth ds
Tourism Manager ent 68 (2018) 336-354

There are five n ain steps in the system dynamic modelling process. fI OW

These are problem articulation, formulating a dynamic hypothesis, Infrastructure and

formulating a simu ation model, testing the model, and policy design / facihities +

and evaluation (St(rman, 2000). For this study, the methods used to

complete the first two steps are explained in Mai and Smith (2015). / \

Here we explain how we implemented the last three steps to develop, +

test and use a dynamic model of the tourism system on Cat Ba Island. Wasle Investment
+

2.1. Formulating a simularion model

In Mai and Smith (2015), a causal loop diagram (CLD) was used to
describe feedback loops influencing tourism system dynamics on Cat Ba
. T De i ) . ]

+

A

L2 L

s
A N HI' L] AL L1 A ALLL L L} = L] L1

*
— ution
. C O .-
(J non star poisl
required water used vrater used .
non star rooms Sormand it
for hotel and
d domestic use -
B o iy e Attractiveness of

demand water

Number of tourists

S

domestic

length of stay. for Cat Ba town C
at Ba Island
K. . domestic waste
. day nights water fraction
change in domestic total . ‘.
tourists B1 wasle water

= actual number of
Q . domestic tourists

initial domestic untreated
tounst growth rate wasly water . wastewater treated %

“ al dome:
' . lt;:l; gromhs::e .

index of waste

tounst growth water pollution
multiplier
effect of ’ initial
'. poliution on pollution waste water

tourist growth index .
O O =

Fig. 2. The balancing loop in Fig. 1 replicated as a stock and flow model.
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4. Adaptive Large Neighborhood Search Algorithm

The Adaptive Large Neighborhood Search heuristic algorithm has been used for solving s
problems and for finding the optimal solution, such as the Vehicle Routing Problem and the Le
Routing Problem. In this study, the ALNS heuristic algorithm was used to solve the tourism - Construct a feasible solution s;

sti-g;
Initialize weights;

Algorithm 1: Adaptive Large Neighborhood Search (ALNS) algorithm of tourism route planning.

planning problem for vehicle routing.

4.1. ALNS Algorithm . If the stopping criterion is not met, then

. . . . L. 41 Selectq, r £ R, d € D according to probabilities p
The heuristic of the ALNS algorithm comprises a destroying and a repairing method, v 12 ¢ =r(ds))

random weight that controls an applied method during the search process and the weight adju 43 If the acceptance criterion is satisfied, then s¢—s';
during the implementation of the algorithm. The probability of a certain heuristic applyir If s is better than s*, then s*+s";

situation depends on its performance in the past. The algorithm contains six destroying metho 14  Adjust weights;

five repairing methods. The six destroying methods and the five repairing methods are explai . Return s*.

Sections 4.2 and 4.3, respectively. The destroying and repairing methods have weights that chara

The ALNS algorithm for the tourism route planning problem has 5 steps as follows:
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5. Computational framework and results
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day, with 3000 contract growers that are separated into 10 sub-regions.
Currently, the sugar mill owns 80 mechanical harvesters in total. Each
machine can harvest 15-25 tons per day depending on its performance,
size, and capacity.

In order to test the model, the Adaptive Large Neighborhood Search
(ALNS) employed the idea of DE in the mechanical harvester assign-
ment and routing problem with time windows (HARPTW) to maximize
the total area serviced by the harvesting-sharing system. It was also
validated by comparing the solutions with the optimal solution ob-
tained by Lingo v.11 for Windows software and the proposed algo-
rithms. The performance of the proposed methods was tested using 3
groups of problem instances and one real case study. Details of gener-
ated data are shown in Table 4,

Table 4 shows that 21 problem instances were used to test the al-
gorithm in total, which includes the real case study. The research pre-
sents 4 new acceptance of worse solution criteria and 1 popular for-
mula, thus 5 sub-algorithms are presented as ALNS-1 (original), ALNS-
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Details of data generated for every group of problem instances.

courotayeut o Mg’ Oftesteinstarices

Small 51 b S=1101¥1 3 150=A0N10
52 10 4
53 10 4
5-4 12 3
55 10 4
Medium M-1 15 10-150 7 150-600
M-2 15 B
M-3 20 8
M -4 20 7
M-5 25 9
M-6 25 10
M-7 25 10

M-8 30

[
I

Large L-1 a0 10-150 20 4001500
L-2 a5 20
L-3 60 22
L4 &0 23
L-5 65 25
L6 65 5
L-7 70 25
Case study C-1 321 =200 B0 120,000

Remark: 1 rai = 0.16 Ha.



2, AINS-3, ALNS-4, and AINS-5 which use Formulas 1, 2, 3, 4 and 5

resp ectively. The algi::-n b%égadmﬂ++ and run on a
com puter notebook wnth Intel 2410 M 2.3GHz and < GB
mEII.J.UI.J' T}.J.'E .‘J-Lul_rl_ruJ.E Clindind l.].-l'.'l.‘l"E I..FE'E.I.J. el -I:I.LLUI.'L.I.LI.J.E L) L:.J.'E l.r:.udlﬂm

size. For small instances, the time after which the optimal solution was
found is presented, while in the medium, large and case study pro-
blems, computational time was used, which was set to be 10, 20, and
60 min respectively. The experiment has been executed 5 times and the
best solution is recorded. Due to the optimal solution not being found
within the acceptable computational time for the medium and large
(including the case study) sized problems, the time limit of the run time
in Lingo v.11 for Windows was set to be 240 h for the medium sized
instances and 480h for the largesized instances (including the case
study). The best and bound of the solutions generated are reported and
compared with those that are generated by the proposed heuristics.




Result

Table 2. The result comparison of Lingo program and the ALNS algorithm.

T inon Provoram AT NS
rarameter — — LMITE e nce
Problem N Result Result
. .
Size Total p . Total p . Total Pr ) Gap in Processing
i, f Status Distance o8 Distance o5 Distance a8 Distance  Time Gap
Time (h) Time (h) Time (h)

{kkm) (km) (km) Traveled (%) (%)

51 10 5 Global Opt 109.90 00:00:01 109.90 00:00:01 0 0 0.0 0.0

§-2 10 5 Global Opt 164.40 00:00:01 164.40 00:00:01 0 0 0.0 0.0

Small 5-3 10 5 Global Opt 302.60 00:00:33 302.60 00:00:33 0 0 0.0 0.0

54 10 5 Global Opt 308.73 00:00:58 308.73 00:00:58 0 0 0.0 0.0

55 10 5 Global Opt 286.60 00:00:37 286.60 00:00:37 0 0 0.0 0.0

Avera_ge 234.45 00:00:24 234,45 00:00:24 234.45 0 0.0 0.0

M-1 40 15 Feasible 808.65 40:59:27 901.50 00:05:05 _285 40:54:22 —0.32 09,88

M-2 40 15 Feasible 1157.84 60:17:21 1161.01 00:05:05 _3.17 60:12:16 —0.27 99.92

Medium M-3 40 15 Feasible 00778 41:49:13 1002.37 00:05:55 459 41:43:46 —0.46 00 88

M-4 40 15 Feasible 1131.47 55:56:20 1153.50 00:05:25 —22.08 55:51:02 ~1.95 00,91

M-5 40 15 Feasible 992.78 50:49:25 1018.52 00:05:45 —25.74 50:44:20 —259 099,90

Avera_ge 1035.70 49-45:24 1047.38 00:05:25 —11.68 49-40:28 —1.12 99.90

-1 80 25 Lowerbound 205856 120 207758 00:14:48 —19.02 119:51:52 —0.92 09,88

L2 80 25 Lowerbound  1938.81 =120 1987.10 00:13:46 _ 4820 119:50:54 —2.49 0080

Large -3 80 25 Lowerbound  2076.52 =120 2099.13 00:15:54 —2261 119:51:46 ~1.09 99.87

[-4 80 25 Lowerbound  1965.64 =120 1973.07 00:14:51 _743 119:50:49 —0.38 99,88

-5 80 25 Lower bound  2087.31 =120 2092.70 00:15:43 _539 119:50:57 —0.26 09,87

Average 2025.37 120 2045.92 00:14:54 —20.55 119:50:48 —1.03 99,88

Note: i, j are tourism attractions at position i, j and f is farm number.




The evolution of computational time when the problem size increase

:

Simulation tme (minutes)

Number of sugarcane fields

= 8== lingyg =—#=—DE = & -MDE-1 MDE-2 =— ® = MDE-3 —® — NDE4

Figure 5. Evolution of computational time.
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Figure 8 Average percent different of DE using different process to generate 2=¢ order of trial vector.
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6. (_onciusions

In this study, we R’ESie muqyﬁ §m [Gattempted to deterniine the
apj II‘DPI'iElIZE location for tourism faci s 1n Thailafd. algori method was used to solve

the venicie Toutng proviem  neip aesign an appropride maver Ioute and © cnoose e pest 1ocation for
tourism facilities. The traveling distance results produced by the ALNS algorithm were similar to those
ploduced by the Lingo program for all problem sizes. However, for high numbers of tourism attractions

ard farms (complex problem), the A.LM\Ethqg'ed significantly less processing tim¢ than the
Lingo program, effectively reducing the compufationtime by 99.58% for the medium problem ¢ nd 99.7%

] - . . .
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were not &g}ﬁ_ﬁcﬂnﬂy d_ifferla-nt. Therefore, ALNS 1s a ;uil:able method IEDI ElES-ig;l’li'l_'lg touris m routes,
rz pidly providing highly effective Sﬂl“tR?eS‘l‘J]It‘ problems with a large number of att actions.

ClsoCludy

A tourism route was designed using the ALNS method for a case study. To create a large and
complex problem, 115 tourism attractions and 25 farms were used in this case study, as shown in

Tables Al and A2. The result of the case study is provided in Table 4.




6. Conclusions and future developments

This research focuses on the mechanical harvester assignment and
routing problem with time windows (HARPTW) to maximize the total
areas serviced by a mechanical harvester under a sharing infield re-
sources syst e i handle
snmﬂ-siz:r ﬁ%ﬁmmggmggn effec-
tive ALNS that employs the idea of Differential Evolution (DE) is firstly
designed to solve the problems integral to the mechanical harvester
assignment problem (HAP) and mechanical harvester routing problem

LK),

In our research, to develop the ALNS employing the idea of DE, the
destroy method has been made iterative in the incomplete solution,
such as destroying the list of sugarcane fields that have not yet been
scheduled, then the repair method has been applied, in which a good

constructive algorithm Mg#h solution. The final so-
lution will be more flexible it the destroy and repair methods have

been executed only in the complete solution. Our algorithm has two
phases, which are constructing the sequences of the sugarcane fields

and the mechanical harvesters. Then the construction of the complete
algorithm will be performed. Additionallv. four new formulas were
developed to calculate the probability of accepting a worse solution
using a linear and parabola function, instead of the exponential func-
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OTHER TOPICS RELATED TO THE

SUBMISSION

* Cover page : letter to editor which used to explain research problem, method
contribution that the author is used to convince the editor that their article to be

accept to publish.
Cover page

Dear Editor

We have improved our article regards to the comment of the reviewers. The overall changed ca

be addressed as following :

(1) Number of words is increased from 8200-9500 words

(2) 8 references has been added.

(3) The literature review , methodology , conclusion section is reformulated and add more

explanation to be easier to understand for the reader.
(4) The English has been caretully checked by the native speaker.

We also attached the reviewer’s answer to the editor in the end of this letter.

Best regards

Author’s team




Cover Letter

Dear Editor

We have corrected/answer all comments of the reviewers, the change has been made through the article as
I attached the reviewer answer. This generate the references article increase from 25 to 38 references , number
of words increase from 8200 to 9574 words. Hopetfully, it will be successtul in this round of correction. The
acknowledgement , email address and original pics in the main text as vou suggest in email already.

Best regards
Rapeepan Pitakaso



