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Modelo de Markov para determinar la estructura racional
del complejo cosecha-transporte en cafia de aziucar
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ABSTRACT: The present investigation was carried out in Enterprise Unit “Héctor Molina Riafio”,
with the objective of determining the rational structure of the complex harvest-transport of sugarcane
with the use of Markov Model. It was obtained that, for a field with 22,8 t/ha yield, the brigade is
organized with two harvester machines (with 16,37% of probability of one failing or breaking) and
two means of transport (with 4,7% of probability of one failing or breaking). Given that, the
probability of harvester machines operating with external means of transport is almost null, the
expense for cycle stop (harvest-transport-reception) is 10,73 peso/h.
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RESUMEN: La presente investigacion se realizo en la Unidad Empresarial de Base Héctor Molina
Riafio, con el objetivo de determinar la estructura racional del complejo cosecha-transporte de la cafia
de azucar a través del modelo de Markov. Entre los principales resultados, se obtuvo que para un
campo con un rendimiento 22,8 t/ha, siendo la distancia media total de tiro de 18 km, de ellos 12 km
por viales de terraplén y el resto de viales asfaltados, la brigada quedard conformada por dos
cosechadoras (con un 16,37% de probabilidad de que presenten rotura uno) y dos medios de transporte
(con un 4,7% de probabilidad de que presenten rotura uno) ya que la probabilidad de que la
cosechadora espere por medios de transportes externos es casi nula, siendo el gasto por parada del
ciclo (cosecha-transporte-recepcion) de 10,73 peso/h.
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industry maintains a leading role in the country's
economy. Because of the rapid development of

INTRODUCTION

On the influence of some agricultural and
industrial aspects in the economy, it is necessary
to consider the influence that the harvest-
transport process has on the quality of the raw
material before being processed industrially. It is
evident that, although the harvest-transport
process does not constitute an element that
influences the production process of both cane
and sugar itself, it does determine the economy of
the production process. This process is developed
with the use of a set of technical means, among
which harvesters and means of transport (tractors
and / or trucks with carts or trailers) can be
mentioned and if they are irrationally organized,
influence negatively the total production costs.

The introduction of more powerful and reliable
machines is important to ensure that sugar

sugar industry, the improvement of equipment
systems has continued, specifically in cane
harvesters. In order to achieve this objective, it is
essential to carry out laboratory and field
investigations that enable the design of machines
that provide better performance for the sugarcane
harvest. The comprehensive studies of
evaluations on the machines in development
avoid that the errors are generalized and allow
decreasing expenses and correcting possible
deficiencies of design. Sugarcane harvesting
machines have been subjected to various
evaluations in order to increase their efficiency
and comfort and reduce production costs
(Fernandez & Alvarez, 1988: Fernandez &
Delgado, 1989; Shkiliova et al., 2000; Ortiz-
Cafiavate, 2003; Shkiliova, 2004; Amu, 2010).
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On the rationalization of the harvest-transport
process several investigations have been
developed, in which different methods based on
simulation and mathematical modeling have been
proposed. These studies have been carried out
with the purpose of determining the optimal use
of different means of transport during the harvest
of crops such as rice and sugarcane, as well as the
determination of the rational composition of the
harvest-transport brigade applying the Mass
Service Theory. This theory makes it possible to
analyze the productive process from the
probabilistic perspective starting from the
deterministic method (Lopez et al., 2012; Matos
& Iglesias, 2012; Matos et al., 2014; Matos et al.,
2014; Rodriguez et al., 2015).

In the Business Unit of Base (BUB) “Héctor
Molina Riafio”, Attention to Sugarcane
Producers, has arisen industrial, organizational
and productive problems. Therefore, the harvest-
transport process may be affected by the rational
composition of the harvest-transport brigade,
reducing the stability of the flow of the
technological process and increasing its costs.

For this reason, it is necessary to investigate
the rational composition of the harvest-transport
complex of sugarcane in the BUB “Héctor
Molina Riafno”, with the purpose of achieving
greater stability and obtaining economic
advantages in it. For the above mentioned the
investigation had as objective to determine the
rational structure of the complex harvest-
transport of sugarcane through the model of
Markov.

MATERIALS AND METHODS

The experimental research program was
developed in the BUB "Héctor Molina Riafio",
Mayabeque, Cuba; during the agro technical
period of the sugarcane harvest in 2017, carrying
out the fieldwork and the characterization of the
experimental area. Technological and operation
evaluations were carried out on two (2) CASE IH
AUSTOFT A 8800 harvesters and the
mechanized media involved in transport. These
means are made up of Belarus 1523 tractors with
VTX 10000 self-tilting trailers of 10 t capacity
and hauling trucks HOWO SINOTRUK with two
(2) trailers of 60 t capacity in total (20 t each).

Markov Model for Rationalization of the
Harvest - Transport Brigade

For the analysis of the rational structure of the
harvest-transport complex of sugarcane using
Markov Model, it is assumed that it is a
stochastic process, since it varies exponentially in
time. It is a succession of observations whose
values cannot be accurately predicted (Kijima,
1997, 2013, Hermanns, 2002a, 2002b; Bini et al.,
2005; Ibe, 2013). For this model, the states
considered are sugarcane in harvesting Ec,

sugarcane in transportation Et and sugarcane in
reception center Er. The amount of transportation
means necessary is obtained by the deterministic
method and it is combined with the transition
probability criteria from the elaborated matrix
(Conlisk, 1976; Tijms & Tijms, 1994; Bolch et
al., 2006; Ching & Ng, 2006; Sanchez, 2016).

To establish the probability of transition in
each state of the ones declared, authors start from
the photo chronometry of each process according
to Aguilera and Fonseca (2013) and Rodriguez et
al. (2015),
technical availability of the harvesters and means
of transport, as it is shown in expression 1.

Kd =To/(To+T]) (1)

where:

TO - total time (useful work) of operation under

design conditions, h;

TJ - total time of stop due to technical

problems, h.

In order to form the transition matrix, the
probability of transition or non-transition from
one state to another must be determined through
Poisson table, according to Yesin & Sevostyanov
(2014). For this, authors considered the
observations made to the line of trucks in the mill
and the mathematical hope for the harvest Ac and
the transport At (expression 2 and 3) is
determined.

For the harvest, it is determined from its
coefficient of technical availability:

Ae=nFka, (2)

determining the coefficients of

where:
n, - number of harvesters;

For transport, its technical availability is taken
into account:
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Ae=nFkge (3)
where:
n, - number of trucks;

Having Ac, M, and K (number of trucks to
observe) for the combine and transport, the
probabilities of transition can be determined
through the Poisson tables.

To determine the probability of transition (Pt)
and not transition (Pnt) of the plant, 15
observations were made that were averaged,
determining the number of trucks waiting to
deliver the product (ncer) and the total number of
trucks in the reception center (ntr);

Pu=50 ()

Taking into account the probabilities of non-
transition, the transition probabilities can be
obtained:

Pi—1=Pyp (5)
By means of the above, the transition matrix
can be determined from one state to another:
E. E; E;
PP O

E 6
1o p, P, ©)
r

P, 0 P
Based on the analysis previously carried out,
an estimation of the economic impact due to the
rupture of the Cpet cycle can be obtained from
the determination of the costs for stops in each
element of the cycle and the probability of not
transiting from one state to another.

Cpet= (Cpc*Pntc) + (Cpt*Pntt) + (Cpcr*Pntr)ipeSO/h (7

where:
Cpe, pt
and Pcr

C

- cost per stop in the harvest,
transport and mill reception center
respectively; peso / h

With the direct costs of operation, the costs per
stop of the combine and transport can be
determined:

Cpc = Cexp = CgctCct+C+Cry+Csoc peso/h - (8)

where:

Cexp - operation costs, peso / h;
Cdc  -Cost of depreciation of the harvester,

peso / h;

Cc - Cost of fuel consumed, peso / h;

Cl - Cost of the lubricant consumed, peso / h;

Cmr -Cost of maintenance and repair
operations, peso / h;

Csoc  -Cost in the combine operator's salary,
peso / h.

Similarly, the cost of the stopping time of the
means of transportation can be determined, using
expression 9:

Cpr = - Cgt + Cinr + Cso PESO/ R ©)
where:
Cdt - Cost of depreciation of the means of

transport, peso / h;

Cmr -Cost of maintenance
operations, peso / h;

Csot - Cost in salary of the operator of the
means of transport, peso / h.

Regarding the costs for stops at the reception
center, the salary of the workers linked to the
process, the fuels and lubricants consumed in the
process, as well as the costs for maintenance and
electricity consumed are taken into account as it
is shown in expression 9,.

Cper = Cs#CetCpytCe, peso/h - (10)
where:
Ce -cost for electricity consumption, peso / h

ANALYSIS OF THE RESULTS

Analysis of the Rational Structure of the
Harvest-Transport Complex of Sugarcane
using Markov Model

and repair

For the realization of the rational composition
of the harvest-transport-reception complex of
sugarcane using the Markov Model, three (3)
states were defined, which were the cane in
harvesting Ec, the cane in transportation Et and
the cane in reception Er , represented in figure 1
and where the flow of these states is shown.

For the application of this model, lambda
values (M) were determined, which are shown in
Table 1, taking into account the technical
unavailability of the harvester (1-Kd) and the
means of transport (trucks) which were 0.13 and
0.05, respectively. It was also taken into account
that there were two (2) harvesters in the
sugarcane harvest state, and 2.25 trucks were
needed to transport cane, according to the
deterministic method, so that there is a cycle in
the process harvest-transport-reception. For the
state of cane in reception, given the observations
made, a transition probability of 0.41 and a non-
transition of 0.59 were obtained.
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By means of the results obtained, the transition
matrix could be formed. In the harvesting state,
the transition probability was 0.87 and the non-
transition probability was 0.13. Non-transition
probability for transport cane was 0.05 and 0.95
for transition. For reception, 0.41 for transition
and 0.59 for non-transition as shown in matrix
10.

E, E, E,
E.
0,13 0,87 0
E, (10)
0 0.05 0.95

Ep
041 0 0.59

While analyzing the previous results, and
determining the probabilities through the Poisson
tables, as shown in Table 2, it is obtained that the
probability of non-failure or breakage of none of
the harvesters is 82%. The probability of a failure
in at least one (1) is 16.37%, which makes it
possible to foresee the effects it will have on the
cycle due to the stoppage of a harvester. When
analyzing the case of trucks, it is obtained that
the probability of failure or breaks of any truck is

95.12%, and that there is a failure in at least one
(1) of 4.76% decreasing to 0.12% of breaking
two (2) at the same time.

As mentioned above, the deterministic method
showed that 2.25 trucks are needed for the
existence of a cycle in the process. Therefore,
taking into account the low probability of
breakage of at least one harvester and / or truck,
it can be assumed that the brigade, for the
agricultural yield of 22.8 t / ha will be made up of
two (2) harvesters with two (2) moving tractors
and two (2) trucks for the transfer to the plant.
Since the filling time is 2.66 h and the cycle time
of 4.94 h, the probability that the harvester waits
for external means of transports is almost null.

Results of the Costs for Cycle Stops

From the transition matrix, the cost can be
determined if the transportation cycle is stopped
in the states declared (Ec, Et and Er) of the
process, obtaining a cost of 10.73 pesos / h, when
the sum of stop costs in the states considering the
probability of non-transition amounts to 5.29;

FIGURE 1. Diagram of transition of states in the harvest-transport and reception of sugarcane.
TABLE 1. Data needed to prepare the transition matrix

State Kd 1-Kd A k

Ec 0,87 0,13

1.7 2

Et 095 0,05 29 3

TABLE 2. Ratio of probability of harvester and truck breakages

Number Probability of a technical failure

Type

0

Harvester 1
2

0

Trucks !
2

3

0,8187
0,1637
0,0164
0,9512
0,0476
0,0012
0,0000
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TABLE 3. List of expenses for stops and the probability of non-transition

C,, peso/h P, Cp,, peso/h

E, 4557 0,13 5,92
E, 16,56 0,05 0,82
E, 7,84 0,59 4,62
Ciclo
Cp. peso/h 10,73

0.82 and 4.62 pesos / h, respectively. However, as
the probability of non-transition was not taken
into account, a cost per plant stop of 7.84 pesos /
h, a cost per harvest stop of 45, 47 peso / h and
transport stop of 16.56 peso / h were obtained.

CONCLUSIONS

» Markov Model showed that for a field with a
yield of 22.8 t / ha the brigade will consist of
two (2) harvesters and (2) two means of
transport, since the probability that the
harvester waits for means of external transport
is almost null, being the expense per cycle stop
(harvest-transport-reception) of 10.73 peso / h.

* Markov Model allows defining the rational
conformation of the harvest-transport-
reception brigade from another model or
method that proposes possible compositions.

REFERENCES

AGUILERA, O.; FONSECA, J.: Aplicacion de
un procedimiento para evaluar la eficiencia en
el proceso de explotacion segin el consumo
de combustible de las cosechadoras de cafia
KTP-2M, Ed. Grin Verlag, Berlin, Germany,
2013, ISBN: 10: 365646779X; ISBN-13:
978-3656467793.

AMU, L.G.: “Logistica de cosecha. Evaluacion
de tiempos y movimientos. Indicadores y
control”, Revista Tecnicafia, 26: 25-30, 2010,
ISSN: 0123-0409.

BINI, A.D., LATOUCHE, G.; MEINI, B.:
Numerical methods for structured Markov
chains, Ed. Oxford University Press on
Demand, New York, USA, 2005, ISBN:
0-19-852768-3.

BOLCH, G.; GREINER, S.; DE MEER, H.;
TRIVEDI, K.S.: Queueing networks and
Markov chains: modeling and performance
evaluation with computer science applications,

Ed. John Wiley & Sons, ISBN:

0-471-79156-3.

CHING, W.K.; NG, M.K.. Markov Chains:
Models, Algorithms and Applications, Ed.
Springer US, New York, USA, 2006, ISBN:
978-1-4614-6312-2.

CONLISK, J.:
Journal of Mathematical Sociology, 4(2):
157-185, 1976, ISSN: 0022-250X.

FERNANDEZ, PA.,; ALVAREZ RE.
“Determinacion de los principales indicadores
de fiabilidad de la cosechadora de cana

2006,

“Interactive markov chains”,

KTP-1.”,  Revista  Ciencias  Técnicas

Agropecuarias, 1(3): 57-60, 1988, ISSN:

1010-2760, E-ISSN: 2071-0054.
FERNANDEZ, PA.; DELGADO, O.N.:

“Analisis del trabajo del parque de tractores en
funcion del numero de roturas imprevistas.”,
Revista Ciencias Técnicas Agropecuarias ,
2(1): 27-32, 1989, ISSN: 1010-2760, E-ISSN:
2071-0054.

HERMANNS, H.: “Interactive markov chains”,
En: Interactive Markov Chains, Ed. Springer,
pp- 57-88, 2002a.

HERMANNS, H.: “Interactive Markov chains in
practice”, En: Interactive Markov Chains, Ed.
Springer-Verlag Berlin Heidelberg, vol. 2428,
Berlin, Germany, pp. 125-146, 2002b, ISBN:
978-3-540-45804-3.

IBE, O.: Markov processes for
modeling, Ed. Newnes, 2013,
0-12-407839-7.

KIJIMA, M.: Markov Processes for Stochastic
Modeling, Ed. Chapman & Hall, 1st edicién
ed., Cambridge, USA, 194 p., 1997, ISBN:
0412606607.

KIJIMA, M.: Markov processes for stochastic
modeling, Ed. Springer, Cambridge, USA,

stochastic
ISBN:

2013, ISBN: 1-4899-3132-5.


http://www.antennahouse.com/

Revista Ciencias Técnicas Agropecuarias, Vol. 28, No. 1, 2019, E-ISSN: 2071-0054

LOPEZ, Y.M.; RAMIREZ, N.M.; DE ARMAS,
R.L.P.; MACHADO, Y.M.: “Optimizacion del
proceso Cosecha-Transporte-Recepcion de la

cafia de aztcar”, Revista Cubana de Ciencias
Informaticas, 5(3), 2012, ISSN: 2227-1899.

MATOS RAMIREZ, N.; IGLESIAS CORONEL,
C.; GARCIA CISNEROS, E.: “Organizacion
racional del complejo de maquinas en la
cosecha-transporte-recepcion de la cafia de
azicar en la  Empresa  Azucarera
ARGENTINA”, Revista Ciencias Técnicas
Agropecuarias , 23(2): 27-33, 2014, ISSN:
2071-0054.

MATOS, R.N.; IGLESIAS, C. E.: “Modelo
econdmico-matematico para la organizacion
racional de los medios técnicos en la cosecha-
transporte-recepcion de la cafia de azucar”,
Revista de Ciencias Técnicas Agropecuarias,
21(3): 49-54, 2012, ISSN: 1010-2760, E-
ISSN: 2071-0054.

MATOS, R.N.; IGLESIAS, C.E.; GARCIA,
C.E.: “Organizacion racional del complejo de
maquinas en la cosecha - transporte -
recepcion de la cafia de azacar en la Empresa

Azucarera “Argentina””’, Revista Ciencias
Técnicas Agropecuarias , 23(2): 28-33, 2014,
ISSN: 1010-2760, E-ISSN: 2071-0054.

ORTIZ-CANAVATE, J.: Las maquinas agricolas
y su aplicacion, Ed. Mundi Prensa, reimpresa
ed., Madrid, Espafia, 526 p., 2003, ISBN:
84-8476-117-7.

RODRIGUEZ, L.Y.; MOREJON, M.Y.; SOSA,
G.D.; MARTINEZ, B.O.. “Modelacion
matematica del complejo cosecha-transporte
de la cafia de azucar para su racionalizacion”,
Revista de Ciencias Técnicas Agropecuarias ,
24(Exp.): 42-48, 2015, ISSN: 1010-2760, E-
ISSN: 2071-0054.

SANCHEZ, B.A.: “Aplicacién de Cadenas de
Markov en un proceso de produccion de
plantas in vitro”, Tecnologia en Marcha,
29(1): 74-82,2016, ISSN: 2215-3241.

SHKILIOVA, L.: “Fundamento teorico para
determinar la efectividad de mantenimiento
técnico”, Revista Ciencias Técnicas
Agropecuarias , 13(1): 51-53, 2004, ISSN:
1010-2760, E-ISSN: 2071-0054.

SHKILIOVA, L.; SUAREZ, P.C.; IGLESIAS,
C.C.: “Fiabilidad de los complejos
tecnologicos”, Revista Ciencias Técnicas
Agropecuarias , 9(3-4): 23-29, 2000, ISSN:
1010-2760, E-ISSN: 2071-0054.

TIIMS, H.C.; TIIMS, H.C.: Stochastic models:
an algorithmic approach, Ed. John Wiley &
Sons Chichester, vol. 994, 1994.

YESIN, K.S.; SEVOSTYANOV, A.L.: “Logistics
of Grain Transportation: Program Exploitation
for Calculation of Optimum Number of
Vehicles.”, Ecology and Transport, Bulletin of
PNU, 32(1), 2014, ISSN: 1996-3440,
Disponible en:Disponible en:http://pnu.edu.ru/
media/vestnik/articles-2014/117-124 ,
[Consulta: 10 de diciembre de 2017].

Yanara Rodriguez Lopez, Profesora Auxiliar. Facultad de Ciencias Técnicas, Universidad Agraria de la Habana

(UNAH). e-mail: yanita@unah.edu.cu
Yanoy Morejon Mesa - e-mail: ymm@unah.edu.cu

Dagoberto Sosa Guerra, e-mail: dagoberto@unah.edu.cu

Jorge Manuel Blanco - e-mail: yanita@unah.edu.cu
Orlando Martinez Bao, e-mail: yanita@unah.edu.cu

The authors of this work declare no conflict of interest.

This article is under license Creative Commons Attribution-NonCommercial 4.0 International (CC BY-NC 4.0)

The mention of commercial equipment marks, instruments or specific materials obeys identification purposes,
there is not any promotional commitment related to them, neither for the authors nor for the editor.



http://pnu.edu.ru/media/vestnik/articles-2014/117-124
https://creativecommons.org/licenses/by-nc/4.0/deed.en_EN
http://www.antennahouse.com/

	INTRODUCTION
	MATERIALS AND METHODS
	Markov Model for Rationalization of the Harvest - Transport Brigade

	ANALYSIS OF THE RESULTS
	Analysis of the Rational Structure of the Harvest-Transport Complex of Sugarcane using Markov Model
	Results of the Costs for Cycle Stops

	CONCLUSIONS

