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Abstract— The development of modern technologies of cultivation must continue, although the conventional harvesting technologies
are still providing benefits. For that purpose, we need a comprehensive, effective and efficient standard operating procedures (SOP)
This research applies the fuzzy logic control system to construct Standard Operating Procedures (SOP) models of technology models
for the harvesting of sesame cultivation. The research method used were literature studies, field research and expert discussion in
Madiun, the center of sesame plantation in Indonesia. Standard operating procedure components and criteria including models for
harvesting technology, drying technology and separating of seeds. The results are standard operating procedures consisting of models
for the harvesting of sesame crop, drying and separating of seeds effectively and efficiently. The package system of SOP for decision-
making, the holistic rule-base was considered which consist of the plant, labor, location and available technology. The example of
Rule-Base ‘If Then’, if varieties branched or not, the Single row or Double row, the location drying is limited, labor is limited, and the
technology is available, the goal model harvest without No Tied, as decisions and so on for rule-rule others, and it has been available
in Software.
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related to the form of branching and the age of the plant as
[. INTRODUCTION well as resistance to drought [6].

Differences in the appearance of sesame plants are vital to
getting the attention of the decision to increase the
production of crops. Decision-making, especially harvesting
standard operating procedures of sesame plants is needed to
be developed. Standard operating procedures for harvesting
systems include harvesting technology, drying technology,
@nd the separating of sesame seeds [7-8]. Harvesting
technology includes cutting without bound, cut into small
bundles, and long cut ties [9-10]. Drying techniques include
horizontal drying, and drying cone-shaped or inverted V

Sesame plant§esamum indicurh.) is an annual plant
which is potential fro dry land [1]. In Ethiopia, this plant is
the first ranking for the year 2013 for the production of oil
from seeds [2]. In Indonesia, the sesame plant growth is
considered suitable for micro-climate. The fact is that there
are not many areas in Indonesia can be developed for th
center of crop plantation. This led to the lower domestic
production capacity of sesame. This has an impact on
government policy on determining the import option for this

commoc_zllty [3]' In fact, the sesame _seed IS an ImpOrtamtriangle. Seed separation technology includes Tampi hit, hit
factor, in this case, the raw material to develop local

' . .7 the blower, the blower and milling [11]. Various methods of
materials based on sesame agro-industry potential in

Ind o (). H the ol tent of qi harvesting will result if the plants are harvested at the right
dr?ﬁone?ff;\ (4). or:/vegt/]er, 5 € oll content of sesame see ISage at maturity is 90% (percent) [12]. The purpose of this
ifferent from each other [5]. study was to obtain the comprehensive, effective and

v black hit d b fficient standard operating procedures of the harvesting of
namely black sesame, white sesame, and brown sesamg, .. . planSesamum indicutn).

se_teads.t Bt))asedhon tge aphpea}:;mce of plapts,l t(;l_eret.are plin S One way to get the standard operating procedure is to
\t,)w OL;] thratnc €s, dranc hw:g r_rgjany E)/er '%a 'rfﬁ |ofn and yredict the determinants by problem-solving methodology
ranc at spread much. besides, based on the form o sing the application of fuzzy logic control systems. This

pads, there are four spaces, sSix spaces, an_d_ e|gh_t SPACCstem is suitable to be implemented in the system based on
Based on the shape of rooting, sesame is divided into two

. L data acquisition and control system [13].
kinds of roots namely deep and shallow roots; it is closely q y [13]
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The final result of the standard operating procedure is the

best decision which is taken from various opportunities
with the help of “rule-based if and then”. The consultation
base which is used in the methodology is sesame crop

models. The objective of this research is to construct a

comprehensive, effective and efficient standard operating ( SURVEY, FIELD STUDY AND SELECTION EXPERT )
procedure (SOP) models for the harvesting of sesame 1
cultivation by application of fuzzy logic control system. SELECTT EXPERT
[I. MATERIAL AND METHOD Input and Analysis
(Needs anabyrs, problem formuation and
A. Material and Place identiication system)
Fieldwork on dry land of Sugihwaras village districts '
Saradan Madiun, East Java Indonesia which the altitude of Designing wake Sesarme Harvesting Models
65 m above sea level and in the paddy field of Banjarejo
Village, District Taman Madiun which the altitude of 63 m Sub-SOP Harvesting
above sea level.from March to August 2015. The materials T
used in this research including six types of seed varieties of ub-50P Drying
SBR1, SBR2, SBR3, SBR4, H2 and M2, organic fertilizers, o
chemical fertilizers, and pesticides. i
Sub-SOP Separation
B. Method
The method used is the application of Mamdani fuzzy
logic on field research result, and depth interviewed with FF Than
experts to obtain primary and secondary data from the
literature review about models for harvesting, drying and i
separation models seeds. The possibility of fuzzy logic DSS-SOP Harvesting Sesame

membership value is between 0 and 1 that could be stated as
two values "Yes and No," "Right and Wrong," "Good and
Bad", "Small and Large", "Wide and Narrow” :

. g . o SOP Harvesting Sesame
simultaneously. However high its value depends on the Models

weight of membership. The application of fuzzy logic
OK?

required fuzzy variables, fuzzy set, the discourse and the
Finished

Verification
Ok?

domain of fuzzy sets [14].

The Mamdani Fuzzy logic includes the fuzzification and
the establishment of a knowledge base of fuzzy (rule-base in
the form of IF ... THEN), application functionality
implications of using the MIN function and composition of
the inter-rule using the function MAX (produce fuzzy set
new), and defuzzification using Centroid, through the
components of the model. The next stage is to draw up the
standard operating procedures holistically, make decisions Fig. 1 Flow chart stages of research
based on data, knowledge, and models that produced Data-
base, Knowledge-base and arranged in a Model-basgy Analysis
management system to create a consultation [15]-[16].

The analysis uses fuzzy inference system, where each the
C. Research Stage criteria and the indicators do formation fuzzy set
The research was initiated by the selection of expertsMembership and subsequently form a knowledge base if-
which consist of practitioners, academics, and public then based on expert opinion to determine the goals and
officials from the department of agriculture. Each expert alternatives or decisions that can make it easier to determine

conducts an inventory and verifies the criteria and indicatorstN€ Sesame crop harvesting activities on the circumstances

as the key elements stages of yield component of primarythat exist on the user [17].

and secondary data includes sub-models of harvesting,

drying, and sub-sub-division. Each element generates fuzzy IIl. RESULTS ANDDISCUSSION

membership function set as low, medium, and high. It is  The resultsof expert discussion in the decision making
continued by the establishment of the fuzzy knowledge basepf harvesting technology in sesame crop cultivation were 8
(rule-base in the form of if ... then, sub-SOP harvest, sub-factors and 1 goal. Based on fuzzy logic, the fuzzy sets were
Sop Drying, and Sub-SOP separation. The next stage of theyranged of the factors that make up the membership of the
preparation of SOP Harvest Sesame and verified, if correctappropriate weighting of criteria, called indicators. Factors
it will be continued with the validation which results in the that could be possible to be the determinant of crop varieties
SOP Models of sesame harvesting models. technology selection, planting models, acreage, drying,
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where the drying area, the availability of personnel, the available, but workers are limited. It is efficient to harvest in
availability of technology and seed separation technique. smaller bundles. In contrary, for branched varieties is

Sesame is one of the gentlest crops on harvestingsuitable to develop in a single row or squared planting
equipment, so technology setting that will work in all model.
conditions are needed [6]. Analysis of the harvesting Availability of labor will greatly affect the effectiveness
technology which includes the drying and separation of theof crop harvesting and determine the model, where the
seeds shows a broad range of scenarios, each of which hasodel without bundles/tied harvest will increase the
been arranged into sub-models for harvesting technology,productivity of the workers compared with a model in large
sub-models for drying technology arsilib-models for the  bundles or small bundles/tied [6]. The average value of
separation of grains. There are several criteria and indicatoobserved labor productivity on harvesting influence the
as a result of the expert verification (Table 1). planting models and varieties planted are presented in Table
2.

The results of in-field research on the level of energy
efficiency showed a real difference. Where the technique of
harvest without not tied shows high efficient reach 30%,
then in large tied 19,32% and in small tied only 0,05%. The
complete observations are presented in Fig. 2.

TABLE |
THE RESULTS OF THEEXPERTVERIFICATION OF THECRITERIA AND
INDICATORS OFFACTORSHARVESTING TECHNOLOGY

Indicator
No Tied/bundles
Small tied/bundles

Criteria

1. Harvest technology

There are nine (9) criteria, and each criterion has several

80,00 ¢ 74.00
Large tied/bundles
: _ 70,00 59,73
2. Drying inverted V ¢0.00 | 1,80
Cone type/bundles 50,00 - ® harvest
- time
horizontal type 40,00 - 9
3. Plant of Models Single row 30,00 - ) o efficienc
Double Row 20,00 y (%)
Square 10,00 ~ 9
- 0,00
4. Planting Area Narrow
D1{small D2 {Large D3 {not
Moderate tied) tied) tied)
Wide Fig. 2 Power efficiency level of harvest model (m2)
Very Wide
— f h TABLE Il
S.Varieties of sesame Branc THE AVERAGE VALUE OF THE OBSERVATION OFLABOR PRODUCTIVITY PER
No branch UNIT AREA OF CROPPLANTING
Limited(<5 people / Ha) Average
. Moderate (6-10 people No Harvesting Planting Varieties | productivity
6. Available Labor JHa) Model Models of sesame | (m?)/person/
day
Many (> 10 people /Ha - -
: .y( peop 1 Small tied | Single row 400
Limited (< 5%) 2 | Smalltied | Double row| 350
7. Location drying Moderate (6-10%) 3 Small tied Square 420
TG10% 4 Small tied Branch 420
Broad ( 0) 5 | Small tied No branch 380
Limited / conventional 6 Large tied | Single row 550
- 7 Large tied Double row 500
8.Available Technology Moderate /semi-modern 8 Large tied Square =70
Available/Modern 9 | Large tied Branch 550
Behind and beaten 10 | Large tied No branch 500
- : 11 Not Tied Single row 700
9.Separation Winnowing tray 12| NoTied | Double row 700
Dozer and blower 13 No Tied Square 750
14 No Tied Branch 700
15 No Tied No branch 650

indicators (Table 1). Preparation of sub-models of the There is a varied labor productivity, where the crop
harvest can be carried out with regard to varieties, plantingmodels, models of planting and use of improved varieties
method, Iabor, Iocatlon, and avallablllty of tools. The Sub- give an average value of different productivity (Tab|e 2)’

models for the harvesting of sesame can be seen in Fig. 2. while the harvesting speed of the results is shown in Fig. 3
Unbranched varieties are suitable to develop in double-

row planting model in a wide field and the technology
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9,00
8,00 / 7,90
7,00 13

6,00 5.53//

5,07

5,00

' 4,67  —#=D1(small tied)
4,00 4,57 :

4,17 —fi—D2 (Large tied)

3,00
2,00 D3 (not tied)
1,00
0,00 ‘ |

M1(squere) M2(single M3 {double
row)) row)

Fig. 3 The speed of harvesting against the cropping model

It can be seen in Fig. 3 that the squere cropping and
harvesting models are not tied in the fastest time in the
harvest. Appropriate decision making must take into account

the value of membership based on field research results for

getting the getting the right decision [4].

Identification systems, the preparation of | _
criteria and indicators by experts

A/ No
input
Data from expert assessment of the
criteria and indicators and GOAL
(Varieties, planting, labor, location,
and available technologies)

Verification

Ok ?

Consultation (Making RULE-BASE Yes

if then)

Sub-Harvesting Sesame Models

Fig. 4 Sub-model of sesame harvesting

Rule Base sub-models of crop varieties are criteria, a pilot
plant, labor, location, drying and equipment available, with a
total of 15 indicators of the obtained rule-base of 216
opportunities.
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Focus || SUB-HARVESTING
MODELS

Varieties %

Planting

Models

Labor

Location

A Moderate

ecnology

THEN

GOAL
Not Tied
Small Tied
Large Tied

Fig. 5 Structure sub-harvest model

Fig. 5 shows that the sun harvesting models have five
criteria that must be considered, where some rules base are
arranged in consultation by selecting existing indicators and
will get the possibility of a decision of the three alternative
crops namely no bundles/ tied, bundles/tied, small and large
bundles/tied. However, it is possible to consider related to
plant spacing, because the spacing will produce a high seed
production or the highest seed yield is gained at 30x10 cm or
45x10 cm spacing [18]. Struktur sub- harvest models consist
of 5 factors which have various indicators between 2-3. It
needs to be arranged of rule-base known as the construction
of fuzzy-based knowledge. There is the probability of 486
rule-base. It means that the use of SOP will possibly use one
or more decisions in identifying the real condition in the
field [14].



Harvest sub- structure known models are 5 factors that
influence, and each has a variety of indicators that are
between 2-3, then the rule-base preparation is called the

establishment of the knowledge base contained 486 fuzzy
rule-base, meaning that it allows the user SOP to use one or

more decisions after identification of the real conditions on

the ground that it faces [14]. Identification systems, the preparation of
The results of the field experiment on the model of drying criteria and indicators by experts

showed that the drying with cone model gave higher

capacity than the others, where the plants were arranged on ¢

the tangent end or the cone. Capacity or space occupied a :

. . . input No
maximum of 70% with different harvest models. The Results Sub Model Harvest , Data from
observations contained in Fig. 6. model more efficient cone expert assessment of the criteria and
in place. indicators and GOAL (Varieties, plantet,

labor, location, and available
technologies)
4 | . erification
J1o0% > Ok ?
J3 (horizontal type) v D3 not
a0% lied)
1 0% HD2iLaige . . . YeS
o tied) Consultation (Making RULE-BASE if
12 (cone type) FFD w1 ismall then drying)
tied)
If_ls'.vu
11 (an inverted V type) St Leo \/
T - T T I/
0,0 10,0 20,0 30,0 40,0 Sub Drying Sesame Models
Fig. 6 Capacity to the drying model

Shown in Fig. 6 shows the effect on the loading capacity
of the cone type model with large tied, while the rate of dry
speed is in Fig. 7.

3,00
7.00 7,00 Fig. 8 Flow chart sub-drying models
6,00 >
6,00 A >3
' \ The complete results of the structural analysis model of
500 — 5,67 & 453 the drying sub-models are affected by the results of the
w00 4,50 4,17 harvest, labor, location, and availability of technology.
' 4,00 Structures of a sub-rule base model of drying can be seen in
3,00 Fig. 9.
200 Fig. 9 shows that sub-models of drying the sesame have
five criteria which must consider namely harvesting model,
Lov workers, location, and availability of equipment and
0,00 . . . technology where some rules base are arranged in
b1 (small ted) D2 (Large tied) D3 (Hot tled) consultat_mp by selectlng the existing indicators and will get
the possibility of a decision of the three alternative methods
—+—Jl{nverted Vtype) ~ —M—=J2(Cone type) of drying namely inverted V, Cone, and Horizontal type.
J3 (Horisontal type) The correct choice of drying method will improve the

quality of food products, additives, and even herbs and

Fig. 7 Dry speed of drying model (day) medicines and will save costs [19].

Furthermore, the results of the analysis for sub drying
models produced sub-models taking into sub-models
harvest, labor, location, and availability. Decision making
drying more sub-models presented in Fig. 8.

1093



SUB-DRYING @

FOCUS — |
MODELS
Identification systems, the preparation of
criteria and indicators by experts
Harvesting
Models Y
input No
Results Sub Model Harvest , sub model
Drying, Data from expert assessment of
the criteria and indicators and GOAL
(labor, location, and available
Labor Moderate technologies)
| _~ Verification
= Ok ?
. . . Yes
location Moderate Consultation (Making RULE-BASE if
then Separation)
. / ' i
12\5:2:2; Moderate Avalaible
Sub- Separation Sesame Models
THEN
|
GOAL
Inverted V
Cone type
Horizontal type

. ) Fig. 10 Chart sub-model of separation of seeds
Fig. 9 Structure rule base sub- drying models

The next step in the harvest and post-harvest crop is. Sub-model of the separation of seed in Fig. 10, is an

. ) . . integral part of the previous sub-model. Therefore, it would
sesame seed separation. Separat|on_can posﬂwgly_ IMPaGhe sub-models of effective and efficient separation.
seed crop results, no matter what size, the variations in The structure of the rule base sub-model separation
density or Wh'C.h contaminants need o be removed. 0fsesame seeds, model based on criteria and indicators is
standard operating procedure for separation, sub-models '?)resented in Fig. 11
considering harvesting submodels, workforce, location and T
availability of equipment/technology. Related to this sub-

separation model, more seeds are presented in Fig. 10.
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Focus

Harvesting |

i

Drying

Labor

Location

| SUB SEPARATION
MODELS

Avalaible
Tecnology

Fig. 11 Construction of sub-model of the separation of sesame seeds

@‘

Avalaible

THEN

GOAL

Behind and beaten
Winnowing tray
Dozer and blower
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The separation technique in Fig. 11, depends on how to
do the harvest, labor, land area and the availability of
technology that will determine a suitable method. Besides, it
also determined the characteristics of the ease of pods or
capsules to rupture or open sesame [20]-[22f. sub-
models, it can be in use appropriately in decision-making,
where each submodel of software is prepared separately in a
simple yet comprehensive manner. Decision-making can be
used to determine how to repair planting, varieties and
harvesting equipment technique more effectively and
efficiently. [22]. Rule-base can be arranged in each
submodel as in Table 3.

IV. CONCLUSIONS

The decision-making process can be obtained from the
analysis of a series of mutually influence and can be a
complex or holistic approach. Thus, the standard operating
procedure is a comprehensive decision. The components of
the model which consist of the plant, labor, location,
willingness instrument will determine the decision of how to
harvest, drying and separation of seeds namely:

Sub Model for Harvesting have three (3) alternative
options namely no Bundles/tied, small bundles/ tied and
large bundles/tied. Is also consider five (5) factors / criteria:
varieties, planting models, labor, location, and availability of
technology.

« Sub Model for Drying with three (3) alternatives
namely inverted V, cones and horizontal models, to
considerfour (4) factors / criteria: harvest models,
labor, location, and availability of technology and
there are > 200 an opportunity decisions.

« Sub model for Separation with three (3) alternatives
namely Behind and beaten, Winnowing tray and
Dozer and blower, considéour (4) factors / criteria:
drying models, labor, location and availability of
technology and there are 729 an opportunity
decisions.
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TABLE 11l
THE IMPORTANT COMPONENT OFHARVEST MODELS

Rulz;? ase Varieties Planting Models Labor Area drying Tecnology then Goal
1 No branch Single Row Limited limited limited then PN1
2 No branch Single Row Limited limited Moderate then PN1
3 No branch Single Row Limited limited Modern then PN1
4 No branch Single Row Limited Moderate limited then PN1
5 No branch Single Row Limited Moderate Moderate then PN1
6 No branch Single Row Limited Moderate Modern then PN1
7 No branch Single Row Limited Wide limited then PN1
8 No branch Single Row Limited Wide Moderate then PN1
9 No branch Single Row Limited Wide Modern then PNI
etc.. etc.. etc.. etc.. etc.. etc.. etc.. etc..
etc.. etc.. etc.. etc.. etc.. etc.. etc.. etc..
etc.. etc.. etc.. etc.. etc.. etc.. etc.. etc..
213 Branch Squere Many people Moderate Modern then PN2
214 Branch Squere Many people Wide limited then PN2
215 Branch Squere Many people Wide Moderate then PN2
216 Branch Square Many people Wide Modern then PN2
Information: PN1 : Harvest Models 1
PN2 : Harvest Models 2
udi. L.S.“The ect o aning Method an ariety on
i 6 Budi. L.S.“The Effi f Plani Method d Vari
Show at Table 3, the meaning of numbers : Productivity of SesameSesamum indicurh),” Bulletin Agronomy
if varieties is no Then: Vol 8, Aug. 2007.
branched, the The goal : harvestmodel is No [71  B.Uzun, E. Yol, S. Furat, M. Topakg, M. Ganakg, D. Karayel. “The
planting models i§ bundles/Tied (E:ﬁectsSOf Diff .Ergnt ;'llligeldl\’{lettéods On ;’hgz Post’-A\N(I;leaé Secon_d
a Single row,| Harvest without bundles/ Tied : rop Sesame: Seed Yield’, Energy Budget, And Economic
ilable labor ig It's how to harvest without Ng Return, Turk J Agricpp 399-407. 2012
aval h [8] LE. Ibrahim, A.E, Ahmed.“Identification Of Factors That Influence
limited, ~  area| bundles/Tied and be placed on the Technical Efficiency Of Cash Crops Production (Sesame And
drying is ||m_|ted, spreqd because_ the available Groundnut) In North Kordofan State, Sudahiternational Journal
and availablel location and available technology Of Scientific & Technology Research2277-8&16. 3, Oct. 2014
technology is| make it easy for the next stage [9] D.R. Langham, J. Riney, G. Smith,T. WiemerSe8ame Harvest
limited Guide"Oklahoma: Sesaco,2008
216 | if varieties is| Then: [10] L.R.RandVerma."Post-Harvest Management of Pulses”. Indian
. . Institute of Pulses Research Kanpur Rep.208-024, Oct. 2007
b:’anc_:hed, del the ghed?oa}l : h;rveStmOdel is small [11] Post-Harvest Handling Training Manual for Extension Workers No.
planting models i bundles/Tie 650-A-00-09-00003-QQJSAID, 2012.
square, the o [12] C.F. Lisboal, D.D.A. Silval, LR. Teixeiral, A.J.Campos, LA.
available labor i Harvest small bundles/ Tied is|a Devilla, and A.G. Silva."Physiological quality of sesame seed
many people, areaway to harvest small bunch Ly harvested at different plant positions and maturity stage&frican
drying is wide, and drying with inverted or cone with Journal of Agricultural Research. Vol. 11(30), pp. 2825-2832, DOI:
technology is July, 2016
modern [13] Sutojo, T, Mulyanto, E & Suhartono, Wytificial intelligence Andi
- Offset, Yogyakarta. .2011
If, ... Then : [14] Kusumadewi, SriArtificial Intelligence (Teknik dan Aplikasinya)
Etc........... | Graha limu,Yogyakarta. 2003
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