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ABSTRACT

In many countries, substantial amount of agricultural products, including root and
tuber crops, which cannot be consumed, processed, commercialized, transported or
exported are produced on daily basis. However, facilities for adequate and efficient
post-harvest storage and preservation of these products are not readily available,
especially in most developing countries, resulting in considerable losses. Hence, the
need for improved, adequate and efficient food storage and preservation systems.
Nowadays, traditional methods for post-harvest storage and preservation of tropical
roots and tubers such as yam barn, underground pits, leaving matured tuber buried in
the ground until need arises, and trench silos are employed for the storage and
preservation of these crops. Unfortunately, all these storage techniques leads to
undesirable results as the stored products are susceptible to uncontrollable
environmental conditions such as temperature and relative humidity, which leads to
significant losses, reduction in quality and quantity of the products as well as their
market prices. Sustaining appropriate temperature and relative humidity of the storage
environment is crucial to achieving better storage objectives. However, at present,
only few studies have utilized the unique advantages of intelligent techniques to
improve the conditions of indigenous roots and tubers post-harvest storage and
preservation system. An intelligent post-harvest tropical root and tuber crops storage
system is proposed and developed in this research work. The post-harvest storage
system adopts the fuzzy logic control (FLC) strategy for optimum control of
temperature and relative humidity of selected tropical tuber crop. In this thesis, yam
(Dioscorea spp.) is considered for optimum control of its storage temperature and
relative humidity (tracking of its desired storage temperature and relative humidity).
In order to maintain optimum storage conditions, forced-air cooling is employed to
ensure proper ventilation within the storage compartments. Temperature and relative
humidity sensor was used to determine the property of the conditioned air supplied by
the cooling system and provides necessary feedback. To test the performance of the
intelligent controller for keeping the produce (yam tubers) storage temperature and
relative humidity requirements within acceptable range, simulation studies were
carried out in MATLAB/SIMULINK simulation environment and experimental
validation on existing post-harvest tropical food storage system prototype using DSP
chip as interfacing module was performed. Results obtained show that the developed
controller is able to track the desired temperature and relative humidity set-points for
each product under storage with a settling time of 5.6s and 4.63s respectively, and
responds accordingly to input disturbances to ensure better storage objectives are
achieved successfully.
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CHAPTER ONE
INTRODUCTION

1.1 BACKGROUND

Post-harvest storage is one of the several stages of post-harvest activities that follows
immediately after harvest of agricultural products in order to sustain the product
quality and quantity, reduce post-harvest losses and to guarantee food security by
ensuring its availability even in period of scarcity. However, recent statistics have
shown that, post-harvest losses of stored agricultural products are substantially high
ranging from 25 to 40% of stored products due to inadequate and inefficient storage
facilities especially in developing Nations (Abdulazeez, Salami, & Tijani, 2011).
Hence, the need for improved, adequate and efficient post-harvest storage and
preservation facilities is emphasized.

In addition to inadequate and inefficient post-harvest storage and preservation
facilities, various factors such as respiration, transpiration and sprouting have been
found responsible for these losses. Others include attack by mammals, birds and
insect, rot due to mould and spoilage as a result of bacterial activities. Respiration,
transpiration and sprouting are physiological processes which depends so much on
temperature and relative humidity of storage environment, and have been identified as
the major causes of post-harvest losses of stored agricultural products (Osunde, 2008).
To control these physiological processes, therefore, maintaining appropriate
temperature and relative humidity of the storage environment is significant.

Yam tuber (Dioscoreaceae; Dioscorea spp) is an edible starchy tuber grown
predominantly in tropical regions of the world. After cassava, yam is the next most

important staple food crop in West Africa and Southeast Asia (Adeyinka, Momoh-



Jimoh, Raisuddin, & Musa, 2011; Opara, 2003) with tremendous economic
contributions to these regions. Several species of yam are available, however, only
white yam (D. rotundata), water yam (D. alata), yellow yam (D. Cayenensis), aerial
yam (D. bulbifera), Chinese yam (D. esculenta) and trifoliate yam (D. dumetorum) are
considered significant staple food in tropical regions (Opara, 2003; Osunde, 2008).
Unlike other tropical fresh produce, such as cassava, yam can last relatively longer
under storage, hence, stored yam represents stored wealth which can be
commercialized throughout the year by the farmers or sellers (Adeyinka et al., 2011,
Opara, 2003). Recently, there is an increasing export demands of yam tubers which is
another factor responsible for the choice of yam in this research. Figure 1.1 shows a
typical yam tuber (Adeyinka et al., 2011). For good post-harvest storage and
preservation of yam tubers, 15-16°C temperature range and 70-80% relative humidity
has been recommended with expected 6-7 months storage life under these conditions

regardless of cultivars (Opara, 2003).
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Figure 1.1 A complete and a slice of yam tuber (Adeyinka et al., 2011)



Literatures have revealed that, most of the techniques used for yam tubers post-
harvest storage and preservation are traditional methods such as leaving the tubers
beneath the earth until need arises, underground structures, stringing (hanging), yam
barns, yam tubers left in the ridges after maturity, heap storage, trench silos, conical
protective roof and platform storage among others (Adeyinka et al., 2011). However,
it’s reported that, all these storage methods are characterized by heavy losses which
could be in the range of 30-60% of the stored agricultural products in 3-6 months of
storage duration depending on the species and storage environment as the produce are
susceptible to uncontrollable environment, harsh climatic conditions, physical attack
by rodents, birds, insect, and mammals, as well as fungal and bacterial diseases
(Abdulazeez et al., 2011). Refrigeration at temperatures between 13-17°C and
maintaining storage relative humidity at 70-80% have been shown to minimizes yam
tubers post-harvest losses considerably and improve the produce shelf life
(Abdulazeez et al., 2011; Opara, 2003). However, due to erratic and fluctuations in
power supply in some regions, high cost for man power required to maintain the
equipment, and financial cost of the equipment, the use of automatic and intelligent
control strategy is proposed in this study. Intelligent control methods has the potential
to minimize some of these challenges and consequently improve the storage duration
for yam tubers. In this research, the development of an intelligent controller for
optimal control of storage temperature and relative humidity levels within yam tubers
post-harvest storage and preservation system using fuzzy logic control (FLC) method
is presented. The developed fuzzy control algorithm is implemented using digital
signal processor (DSP) as an interfacing (data acquisition device) module and used in
real-time for control of the existing post-harvest storage system prototype. The choice

of DSP is due to its high computational capability, speed and processing power to



execute control algorithm for real-time control applications. Due to its flexibility, low
operation cost, good efficiency, low maintenance requirements and lack of leakage
problems (Ambaw et al., 2013), forced-air cooling method was adopted for proper

ventilation of the tubers under storage.

1.2 PROBLEM STATEMENT AND ITS SIGNIFICANCE

Post-harvest losses of agricultural produce has been reported as one of the main
causes of food shortage in the World (Dreze & Sen, 1991). In an attempt to minimize
these losses, indigenous post-harvest storage methods such as leaving the tubers in
ground until need arises, yam barns, trench silos and platform storage methods have
been employed in most developing countries. However, these storage methods are
characterized by substantial losses which could be about 30-60% of the stored produce
(Abdulazeez et al., 2011). For successful post-harvest storage and preservation of
yam tubers, adequate aeration of the storage environment and maintaining appropriate
storage temperature and relative humidity is significant. As pointed out by (Osunde,
2008), storage temperature and relative humidity are known to be the major factors
responsible for these substantial losses. Inappropriate storage temperature and relative
humidity leads to:

a.  Temperature effect: High storage temperature causes an increase in tubers
respiration, rotting and sprouting of the tubers under storage and
subsequently leads to their physiological deteriorations which results in
considerable losses by damaging the physiological structure of the tubers.
At lower storage temperatures, physiological deteriorations of the tubers

such as chilling injury could occur.



b.  Humidity effect: Inadequate aeration of the storage environment leads to
moisture build-up or condensation on the produce surface and
consequently makes removal of heat emitted due to respiration difficult.
High storage relative humidity enhances tuber rotting and decay as a result
of mould formation and hence, destroys the edible portion and nutritional
value of the produce. Dryness, shrinkage and loss in weight of tubers
occur at lower storage relative humidity. This affects the produce cooking
quality and its market prices significantly.

c. Insects and mammals attack: Agricultural produce under storage,
including yam tubers, are often prone to attack by insect, birds and
mammals such as rodents, and other pests that hide themselves inside the
storage environment. Also, exposure to microbial actions such fungi,
yeasts and bacterial cause serious damage to the produce which leads to
considerable losses by destroying the edible part thereby affecting the
nutritional values of the produce.

Despite of the fact that, several traditional storage methods have been
proposed, they have many disadvantages such as inadequate aeration and moisture
condensation on produce surface which leads to considerable losses by enhancing
physiological deteriorations. What is however required is an intelligent control
technique that is simple, safe, efficient and can effectively maintain appropriate
storage conditions within recommended levels. In this regard, a fuzzy logic control
strategy is suggested for control of the post-harvest storage system that can
appropriately control the storage temperature and relative humidity within suitable

limits.



1.3 RESEARCH OBJECTIVES

The primary objective of this research is to develop a fuzzy logic control algorithm

using DSP chip as an interface for real-time control of storage temperature and

relative humidity within yam tubers post-harvest storage and preservation system.

In order to achieve this objective, the following sub-objectives must be completed.

1.

Development of fuzzy logic algorithm for storage temperature and relative
humidity control within yam tubers post-harvest storage and preservation
system.

Development of DSP-Based hardware system for real-time control of the
post-harvest storage process.

Real-time performance evaluation of the DSP-based fuzzy logic controller

using an existing post-harvest storage system.

1.4 RESEARCH METHODOLOGY

The following approach is adopted in order to achieve the objective of this study.

1.

Literature Review

An intensive literature review of books, journal papers and articles is done
focusing mainly on intelligent control techniques, existing storage
techniques used for the storage and preservation of agricultural products,
cooling methods employed for the preservation of agricultural products,
and to acquire information on various characteristics and areas of
application of DSP chip order to be conversant with the present state-of-

the-art in these areas of research.



2.  Description of the proposed system
Based on the information obtain from literature survey, the proposed
storage system dynamics behaviour is studied and fully described and
control objectives were established based on this.

3. Development of the intelligent controller
The intelligent controller is then developed for optimal storage
temperature and relative humidity (tracking) control based on fuzzy logic
control strategy. The fuzzy logic controller consist of two sub-controllers:
fuzzy temperature controller and fuzzy humidity controller.

4.  Real-time Performance evaluation of the developed controller
The controller developed in stage (2) is then implemented using a DSP
chip as an interfacing module and substantiated for its control objectives
by real-time experimentation using an existing storage system prototype.

5.  Result Analysis
The results obtain are evaluated to ascertain its conformity with the
control objectives and to see areas of improvement where necessary.

Figure 1.2 illustrates the flow chart for the research methodology.
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Figure 1.2 Schematic of the Research Methodology Flowchart



