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Abstract: Crop harvesting processes involve a number of interconnected logistical actives between different functional 
units. Delays are often experienced due to bad cooperation between heterogeneous cooperating machines. In order to in-
crease the degree of coordination between harvesters and tractors, and eliminate non-value-adding wastes from such logis-
tics processes, in this paper, a theoretical approach to the representation of how to build an agricultural field logistics con-
trol system with Kanban technique for crop harvesting operations has been presented. By aggregating crop harvesting and 
transport process into different stages, a single-stage Kanban control system for crop harvesting operations can be built 
under the JIT philosophy. It has been shown that the Kanban technique can be introduced to improve this type of transport 
logistics process. This will provide insights for the enhanced management of field logistics systems. 
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1. INTRODUCTION 

Crop harvesting operations are executed by heterogene-
ous cooperating machines, such as harvesters, transport units 
and preprocessing equipment. The coordination of logistical 
activities between different functional units, in most real-
world cases, is performed based on the experience of the 
operators. "Delays are often experienced due to bad coopera-
tion between harvesters and transport vehicles, increasing the 
overall duration of the harvest process" [1]. Consequently, an 
effective field logistic control mechanism is most essential to 
keep the harvester operating constantly at minimum cost and 
higher efficiency. 

Numerous previous approaches in the literature have 
been used to model and analyze different aspects of the crop 
harvesting and transport system, which involve simulation 
[2-4], mathematical programming techniques [5-7] and a 
combination of modeling and solution techniques [7]. These 
approaches were applied to commodities such as sugarcane, 
energy crops, cotton, grains, forage, wood products [8], or-
ange [9], and wine grape [10], etc. The aim was to minimize 
total cost and increase efficiency through the optimization of 
fleet sizing and task scheduling. Recently, comprehensive 
researches in the field logistics level have been conducted on 
the opportunities and methodologies from the industrial do-
main. Bochtis and Sørensen [11] developed a methodology 
for casting the scheduling and planning problems of trans-
port units as VRPTW examples. Sørensen and Bochtis [12] 
developed a conceptual model based on a participatory ap-
proach for the agricultural fleet management. Jensen et al. 
[13] developed a path planning method involving the genera 
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tion of optimal in-field and inter-field paths to be followed 
by a transport unit cooperating with a primary unit. 

Although many researchers have developed a number of 
methods to improve the performance of harvesting opera-
tions, there is still considerable work that can be done in this 
field to develop new tools to achieve leanness [5]. Higgins et 
al. [14] highlighted that JIT thinking and tools can be a 
promising way of improving the agricultural chains. Typi-
cally, a simple but efficient control policy for agricultural 
field operations (AFO) as seen in the industrial domain is the 
Kanban system, which was first introduced by Taichi Ohno, 
the manager of Toyota Motors is used to coordinate the ma-
terial and information flow between the different stages [15]. 
The success of Toyota and other Japanese enterprises during 
the 1970s has attracted the attendance of researchers and 
practitioners [16]. Since then, numerous variations of the 
Kanban system were created to fulfill specific needs of a 
production system. Practices show that Kanban system is 
easy to understand, highly visible, reliable, interlinks the 
operations tightly, emphasizes operations and quality im-
provement and is cheap to implement [17]. 

Hence, the primary objective of this paper is to present a 
conceptual application of the Kanban-type pull control 
mechanism within the domain of agricultural field logistics. 
It aims at increasing the degree of coordination between har-
vesters and tractors, and eliminating non-value-adding 
wastes from the crop harvesting and transport process. In the 
next section, a single-stage Kanban system was built for crop 
harvesting and transport operations, and then the control 
issue of the material and information flow between harvest-
ers and tractors was addressed by Kanban technique. Finally, 
an instance of cotton harvesting and transport operations is 
designed to demonstrate the effectiveness of the Kanban 
approach. 

 



68    The Open Automation and Control Systems Journal, 2013, Volume 5 Li et al. 

2. PRELIMINARIES AND METHODS 

2.1. The Traditional Kanban System 

Kanban is a technique for maintaining an orderly flow of 
material and closely associated with the just-in-time philoso-
phy [18, 19]. To implement a Kanban-type control policy, a 
common approach is to aggregate process operations into 
several stages. As shown in Fig. (1), each stage consists of a 
workstation which is comprised of a set of one or more ma-
chines, an input buffer and an output buffer. The workstation 
contains items that are "either waiting for or receiving serv-
ice at the different machines, referred to as the work-in-
process (WIP) of the stage. The output buffer contains the 
finished items of the stage, referred to as the finished goods 
inventory (FGI) of the stage."[20] Coordination between any 
pair of related stages i and i+1 works as follows [21]: 

 (1) The container along with the withdrawal Kanban 
(WK) is moved from the succeeding workstation i+1 to the 
preceding workstation i and placed in the output buffer of 
workstation i. 

(2) The finished items of workstation i are subsequently 
loaded into the container, while the production Kanban (PK) 
attached to those items is removed and placed in the PK box 
(or post) of the workstation i. The workstation i is then 
authorized by the PK to start working on a new item. 

(3) The container along with the items and WK are 
moved again to the succeeding workstation i+1. Then the 
items are delivered to the input buffer of the workstation i+1, 
while the WK is detached from the container and placed in 
the WK box (or post) of workstation i+1. 

(4) When the on-hand inventory in the input buffer of the 
workstation i+1 reaches the reorder point, then the steps 
from 1 to 3 are repeated. 

The Kanban system (KS) described above has proven to 
be successful in deterministic production environments with 
a smooth and stable demand and lead time. Whereas in many 
practical situations, production systems are fraught with nu-
merous types of uncertainties such as demand variations, 
breakdowns and other types of planned or unplanned inter-
ruptions [22]. In order to minimize the variation caused by a 
variety of factors, more than thirty variations of the Kanban 
system summarized by Junior and Filho [23] were developed 
as alternatives to the material and information flow control 
in stochastic and unstable demand environments. These 
variations have promoted the applications of Kanban sys-
tems to a large variety of industries. 

2.2. Field Logistics and Crop Harvesting Scenarios 

Agricultural field operations (AFOs) can be categorized 
in three general types: material input operations (e.g., fertili-
zation, seeding, spraying etc.), material output operations 
(e.g., harvesting) and neutral operations (e.g., tillage, cultiva-
tion, seedbed preparation, windrowing, hay baling, hay con-
ditioning etc.) [24]. All these operations are mainly executed 
by primary units (PUs) (e.g., harvesters, cultivators, applica-
tion units etc.). Due to the capacity limit of PUs during these 
operations, the timely replenishment of necessary items, 
such as fertilizer, pesticide, seeds, fuel, and empty hoppers, 
are performed with the help of the service units (SUs) (e.g., 
refilling units, refueling units, transport carts etc.), keeping 
the PUs operating constantly. Consequently, the different 
functional units located in different places compose an agri-
cultural field logistics system. 

In regard to the crop harvesting operations, there are two 
main scenarios, i.e., continuous and intermittent harvesting 
under which harvesters and transport vehicles need to oper-
ate and coordinate [1]. This work mainly considered a con-
tinuous harvesting under a given field work pattern, head-
land pattern, which includes (a) adjacent and (b) non-
adjacent traversal for covering a crop field as shown in  
Fig. (2). The traversal sequence of field tracks and vehicle 
routing (including harvesting and transporter) is planned in 
advance. During such operations, crop harvesting is carried 
out by one or more harvesters that pull the biomass from the 
plant in the field. The biomass is collected in a hopper on the 
harvester. When the harvester reaches its specified hopper 
capacity or load threshold, a transport vehicle approaches the 
harvester to unload material meanwhile the harvester stops in 
the field. After finishing the material transfer, the transport 
vehicle carries this material to a facility unit (e.g., reprocess-
ing unit, factory, silo or farm depot, etc.), while the harvester 
continues harvesting. 

2.3. Kanban system in harvesting operations 

A logistical improvement during harvesting operations 
involves more rational material flows between different 
functional units in the chain. According to the implementa-
tion of Kanban principle, the logistics process of crop har-
vesting and transport can be decomposed into two worksta-
tions related each other, i.e., facility units (FUs) and primary 
units (PUs). The former consists of one or more same or dif-
ferent functional units which can be silos, farm depots, pre-
processing equipment, or factories. The function of which 
can be defined as the "production" of empty containers for 
PUs. The latter involves one or more identical or non-

 
Fig. (1). Kanban control system with several stages. 
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identical harvesters. In this sense, both the FUs and the PUs 
constitute the preceding and successive workstations of such 
a field logistics system, respectively. The material and in-
formation flows between FUs and PUs form a Kanban stage. 
The Kanban corresponds to a card attached to a container on 
the transporter. Fig. (3) illustrates the Kanban-controlled 
output material flow (OMF) operation system. 

In this system, production is first triggered by the de-
mand at PUs. In a Kanban operation, when the material or 
capacity of the hopper on the harvester reaches the load 
threshold, a withdrawal Kanban (WK) attached to the hopper 
(i.e., container in other word) on the harvester is first de-
tached from the hopper and placed in the WK post. And then 
the WKs in the post are picked up at a fixed or non-fixed 
interval and brought to the PK post at the preceding station 
FUs by transporter. This corresponds to sending a signal to 
preceding station FUs. The WK displays the preceding and 
succeeding workstations involved with the items (i.e., empty 
containers), the quantity of items, the collection interval, etc. 
The WK is then attached to the container in the store of FUs 
in place of the PK permitting the worker at preceding station 
to load or unload the material, i.e., the detached PK triggers 
the work of preceding station FUs. The empty container to-
gether with withdrawal Kanban is brought again to succeed-
ing station PUs by the transporter for fulfilling the demands. 

This Kanban cycle realizes a smooth, timely, and not waste 
flow of items between FUs and PUs [25]. 

2.4. Optimization of System Parameters 

To deliver items (i.e., empty containers) by Kanban dur-
ing harvesting operations, the problem arises here involving 
how to determine the batch size and the number of batches, 
how many Kanbans (i.e., containers) are to be employed and 
what should be the transportation schedules of these contain-
ers. These problems should be addressed by minimizing the 
total cost of the field logistics chain.  

Consider the scenarios as mentioned above, let Ci (m3 or 
kg), i=1, 2, ..., n be the capacity of the material hopper on the 
ith harvester, and then the batch size may be assumed as 

 
Q = max C
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where q (m3·m-2) is the weight of the material that has to 
be harvested per square meter of the field areas, and si (m2) is 

 

Fig. (2). Headland pattern: (a) adjacent and (b) nonadjacent traversal. 

 

Fig. (3). A single-stage Kanban system in OMF operations. 
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the coverage areas of the ith harvester in cycle time T and the 
symbol denotes the ceiling function. 

Next, the optimal number of containers (i.e., Kanbans) 
needed to ship these batches can be attained by solving the 
queuing model. Fig. (4) illustrates the Kanban circulation by 
an M/M/K model. In this model, the customer arrival corre-
sponds to the shipment of a batch, which follows a Poisson 
process with rate λ. The server is the empty container, i.e., 
empty transport vehicle. The service time (includes the 
transport time, loading and unloading time, etc.) may be ex-
ponential with an average service time, 1/µ in a cycle time T. 

Consequently, determining the number of Kanbans is 
equivalent to determining the number of servers (i.e., con-
tainers). Higher number of servers improves the service level 
but, at the same time, increases the setup cost. Thus, a trade-
off between both aspects of service level and setup cost will 
yield a minimum cost consideration. Then, the expected total 
cost for the M/M/K model is given as follows. 

 
z K( ) = c
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!K + c

w
! L

s
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where 
 z(K) is the expected total cost of a harvesting-to-transport 
logistics system (dollars). 

K is the number of Kanban containers between FUs and 
PUs. 

cs is the cost per shipment (dollars/shipment). 

cw is the cost of harvester waiting per unit time in the sys-
tem (dollars/h), if let v, b and r be operating rate, operating 
width and the cost of harvesting per unit area, respectively, 
then cw=vbqr. 

Ls is the average number of waiting shipments in the sys-
tem, Ls =λ/(µ-λ). 

Note that K is a nonnegative integer and z(K) is not con-
tinuously differentiable, so the optimal solution can be at-
tained by using the method of marginal analysis, i.e., the 
inequality conditions z(K*-1) ≥ z (K*) ≤ z(K*+1) [25]. 

3. RESULTS 

An instance of cotton harvesting operations is presented 
to demonstrate the application of Kanban technique men-
tioned above. A selected area with areas 9.33 ha located in 
Xinjiang, China (44°36'55"N, 85°19'86"E). Fig. (5) shows 
the location of the cotton field and of the ginnery. The ex-
ample involved three identical harvesters operating in the 
cotton field. All harvested cottons were transported by trans-
port vehicles to the ginnery (i.e., FUs), about 17 kilometers 
distance from the field. The transporter speed constants and 
primary unit (PU) working parameters used are shown in 
Table 1. 

Based on the information mentioned above, the batch 
size can be 32.5 m3 (about 3856 kg) and the number of 
batches is about 11 shipments. The arrive rate and service 
rate are 4.72 shipments per hour and 1.06 shipments per hour, 

 
Fig. (4). Kanban operation in harvesting and transport. 

 
Fig. (5). Location of cotton fields located in Xinjiang, CN. 
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respectively. According to the queuing theory, the system 
will have a steady-state solution when Kµ≥λ. We have 
cs=13.3 dollars per shipment, cw=vbqr=686 dollars per hour, 
then the results for K=5, 6, ..., 11 can be calculated by equa-
tion (3) and shown in Table 2. Table 2 shows that the opti-
mal solution of this Kanban system is K=10 for which the 
expected total cost z(K) is 3199 dollars. 

For this M/M/10 system, the results of some performance 
measures are shown in Table 3. It is observed that the prob-
ability that all servers are idle and the average time shipment 
spends in the queue are both small. 

4. DISCUSSION 

The approach mentioned above was motivated by the 
facts that both agricultural and industrial logistics control 
problems are of similar complexity "due to the high number 
of logistics objects and parameters to be considered", and 
that the Kanban system is capable of determining when and 
how much to replenish the PUs with necessary items, par-
ticularly, Kanban as a decentralized control approach "al-

lows for decreasing the computational effort and coping with 
dynamics locally" [26]. 

A major goal of this report has been to theoretically de-
scribe how to coordinate the material flow between harvest-
ers and facility units using Kanban technique. An example of 
cotton harvesting operations was designed to demonstrate 
the application of Kanban approach to controlling the crop 
harvesting operations. The results showed that the optimal 
number of Kanban containers is K=10, and the Kanban sys-
tem seems to be working efficiently with low idle time 
(p0=1.163%) and a higher service level (wq=0.0030 h). In the 
actual case of field operations, eight transport vehicles are 
assigned to one harvester. This causes the excess of transport 
vehicle in the farm. The proposed method in this study can 
reduce the number of transport vehicles and total system cost; 
on the other hand, Kanban approaches have sufficient capa-
bility to coordinate the logistical activities during crop har-
vesting operations. Further, this approach can be extended to 
model the input material flow (IMF) operations. 

An important point is that the path planning for support-
ing the SUs was not directly involved in this work, since 
numerous researches have been carried out on this topic, e.g., 
references [11, 13] and [27]. These researches constitute the 
application basis for the proposed single-stage Kanban con-
trol system in the OMF operations. 

Due to the long distance between different functional 
units during the harvesting operations, the traditional Kan-
ban cards have a capacity limit in terms of timely transmit-
ting relevant information. Advances in wireless ICT-
technologies, especially the radio frequency identification 
devices (RFID) can provide "new opportunities to develop 
more automated and sophisticated electronic Kanban sys-
tems" [17]. Therefore, the introduction of emerging informa-
tion technologies has made it feasible, in principle, to control 
the field logistics using Kanban technique under just-in-time 
(JIT) philosophy. 

5. CONCLUSIONS 

In this paper, a theoretical approach to the representation 
of how to build an agricultural field logistics control system 
with Kanban technique for crop harvesting operations has 
been presented. By aggregating crop harvesting and transport 
process into two different stages, a single-stage Kanban con-
trol system for crop harvesting operations can be built under 
the JIT philosophy. It has been shown that the Kanban tech-
nique can be introduced to improve this type of transport 
logistics process. 

The above theoretical approach has provided valuable in-
sights for the improvement of agricultural field logistics 
process. Further researches can be extended to coordinate the 
field logistics of IMF operations. 
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Table 1. Operational Parameters Used in the Instance 

Operational Parameter Value 

Transport vehicle average speed on road, V (m s-1) 6.1 

Capacity of container on the transporter, H (m3) 44.0 

Capacity of hopper on the harvester, Ci (m3) 32.5 

Harvester average operating rate, v (m s-1) 1.6 

Harvester operating width, b (m) 3.8 

Average harvester utilization factor, α 0.8 

Table 2. Results for Different Servers K 

Number of Servers, K λ/(Kµ) Ls z(K) 

5 0.8906 10.49 $7263 

6 0.7421 5.63 $3942 

7 0.6361 4.82 $3400 

8 0.5566 4.58 $3248 

9 0.4948 4.50 $3207 

10* 0.4453 4.47 $3199 

11 0.4048 4.46 $3206 

Table 3. Average Results of Some Performance Measures 

Performance Indicator Average Value 

The probability that all servers are idle (p0) 1.163% 

Average time shipment spends in the system (w) 0.9464 h 

Average time shipment spends in the queue (wq) 0.0030 h 

Average number of shipments in the system (Ls) 4.4670 

Average number of shipments in the queue (Lq) 0.0142 
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