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Abstract—Temperature and relative humidity of post-harvest storage environment play an important role in sustenance of 
quality and quantity of stored agricultural products. Hence, the need for maintaining optimum storage conditions is significant 
in ensuring good product storage. In this study, intelligent temperature and relative humidity controller for yam tubers 
post-harvest storage system based on fuzzy logic control approach is proposed. The intelligent controller tracks the 
temperature and humidity levels within the storage system compartments then regulates the forced-air cooling system and the 
humidification system appropriately. Simulation studies performed using MATLAB application software have demonstrated 
the capability of the developed intelligent controller in terms of good set-point tracking and robustness towards input 
disturbance rejection.        
 
Index Terms—FLC, Humidity, Intelligent Control, Post-Harvest Storage, Simulation, Temperature, Yam tubers.  
 
I. INTRODUCTION 
 
In many countries, substantial amount of agricultural 
products, including root and tuber crops, which cannot 
be consumed, processed, commercialized, transported 
or exported on daily basis are produced.  
Statisticsshow that, depending on the species and the 
storage environment, post-harvest losses of 
agricultural products are considerably high ranging 
from 30-60% of stored produce in 3-6 months of 
storage duration [1]-[2]. Hence, the need for 
improved, adequate and effective post-harvest storage 
and preservation facilities is emphasized. 
 
Several factors have been found  responsible for these 
losses which include inadequate and inefficient 
post-harvest storage and preservation facilities [1]. 
Others are environmental factors such as transpiration, 
respiration and sprouting, attacks by mammals, birds 
and insects, rot due to mould and spoilage as a result of 
bacterial actions. Transpiration, respiration and 
sprouting are physiological processes which depend 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 [1]-[3]. To control these physiological 
processes, therefore, maintaining appropriate 
temperature and relative humidity of the storage 
environment is essential.  
 
Yam (Dioscoreaceae; Dioscoreaspp.) 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 [4]-[5] with immense 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 
[1]-[3]-[5]-[4]. 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 [4]-[3]. For better storage of yam 
tubers, 15-16oC temperature range at 70-80% relative 
humidity has been recommended with expected 6-7 
months storage life under these conditions regardless 
of cultivars [1]-[4].  
 
Recent survey on post-harvest storage and 
preservation methods of yam tubers in West Africa 
(largest producers of yam tubers) reveals that most of 
the techniques employed for yam tubers post-harvest 
storage are traditional methods such as yam barns, 
improved yam barns, trench silos, clamp storage, 
leaving matured tubers buried in the ground until need 
arises etc. All these storage methods are characterized 
by considerable losses as the stored tubers are exposed 
to uncontrollable environment and harsh climatic 
conditions,and also to physical attacks by rodents, 
birds, insects, and mammals, as well as fungal and 
bacterial diseases, leading to physiological 
deteriorations. Overall, post-harvest losses in the order 
of 10-60% of total produce occur due to these factors 
as reported in [6] and up to 10-60% total weight losses 
in the first 3 to 6 months of storage [4]. For instance, 
an estimate of 33-67% losses as a result of reduced 
weight alone could occur after 6 months storage period  
which constitutes one million tons of yam tubers lost 
yearly in West Africa [4].     
 
Refrigeration at temperatures between 13-17oC  and 
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maintaining storage relative humidity at 70-80% have 
been shown to minimizes yam tubers post-harvest 
losses significantly and improve the shelf life[1]-[7]. 
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 approach is suggested. Intelligent control 
techniques has the potential to minimize some of these 
challenges and consequently improve the storage 
duration for yam tubers. 
 
This paper proposes an intelligent controller based on 
fuzzy logic control strategy for optimum tracking of 
desired temperature and humidity levels within yam 
tubers post-harvest storage and preservation system. 
Forced-air means of cooling is adopted due to its 
flexibility, lower operational cost, and good efficiency 
[8] to ensure proper ventilation of the stored produce. 
The forced-air cooling system is incorporated with 
cooling unit assembly coupled with cooling coils and a 
suction fan. Refrigerant is circulated in the cooling 
coils and a cooling (conditioned) air is forced over the 
coils through the produce pile by means of the suction 
fan. A temperature and humidity sensor is use to 
determine the properties (temperature and humidity) 
of the conditioned air supplied by the cooling system 
and appropriately adjust the intelligent controller 
outputs based on the feedback information received 
from the sensor, until desired set-points are reached. 
Next section of the paper introduces the adopted 
post-harvest storage system model. Development of 
Fuzzy Logic Controller (FLC) is presented in section 
III. Section IV discusses the simulation results. The 
study was concluded in section V.   
 
II. POST-HARVEST STORAGE  SYSTEM 
MODEL 
 
The model proposed by [9] is adopted and employed 
for modeling the forced-air yam tubers post-harvest 
storage and preservation system for optimal control of 
storage temperature and relative humidity. Heat and 
mass transfer processes occur between agricultural 
produce under storageand the surrounding 
environment. The storage system accommodating the 
stored produce is considered as a porous media system 
which consist of solid particles (yam tubers), often 
called matrix and a stream of flowing fluid medium 
(conditioned air).  
 
In this study, we consider the heat transfer equation 
based on one-dimensional airflow pattern through a 
bulk load of cylindrical shaped food products and the 
mass transfer equation based on moisture loss by 
evaporation at the surface of the produce as a result of 
the difference in vapour pressuresbetween tuber 

surface and the surrounding environment.   
A. The Heat Transfer Equation 
Equation (1) shows the one-dimensional transient heat 
transfer equation which describes the heat transfer in 
cylindrical coordinate system. 

 
cWdrrTrrk   /)/()/(                    (1) 

Where: k = Commodity thermal conductivity 
r = Radial direction 
  T = Temperature of commodity 
   = Commodity density 

  W = Heat of respiration generated per unit mass 
  c = Commodity specific heat 
 
B. The Mass Transfer Equation 
The moisture loss from a single yam tuber is given by 
(2)[9]. The transpiration process which takes place at 
the surface of the produce involves the removal of 
moisture across the thin, porous skin of yam tuber. 
Evaporation process occurs at the surface of the 
produce followed by convective moisture transfer to 
the surrounding air. The driving force is the difference 
in water vapour pressure, sP  on the produce surface 

and that of the surrounding air, aP .  

)(
.

ast PPkm                                  (2) 

where tk is the transpiration coefficient given by (3). 

)]/1()/1/[(1 ast kkk                       (3) 

where
.

m = Transpiration rate per unit area of yam 
tuber 

sk = Skin mass transfer coefficient 

ak = Air film mass transfer coefficient 
 
In the modeling process, the following assumptions 
were made: 
 

 Temperature variation within a unit yam 
tuber is restricted to radial direction. 

 The porous medium comprises of cylinders 
with uniform internal heat generation. 

 The yam tubers are of uniform dimension and 
distributed uniformly within the storage 
compartments. 

 The medium is of uniform porosity. 
 The water vapour pressure at the yam tuber’s 

surface is equal to the water vapour saturation 
pressure evaluated at the yam tubers’ surface 
temperature. 

 The walls of the storage compartments are 
insulated to minimize temperature changes 
within the medium along the axis of flow. 
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Fig. 1: Proposed Yam Tubers Post-Harvest Storage and Preservation System. 

 
C. System Description 
The proposed yam tubers post-harvest and 
preservation system is shown in Fig. 1. The storage 
system consists of four commodity (yam tubers) 
computational compartments, accommodating the 
stored yam tubers and a stream of conditioned air 
passing through the computational compartments.The 
storage space is divided into four storage 
compartments where the produce are loaded and 
conditioned air supplied by the cooling system is 
introduced into the system via inlet air duct which then 
circulates the entire volume of the system through the 
product pile and exit through the outlet port. The 
storage compartments consist of barriers that are 

joined together. The temperature-humidity sensor 
located at the entry point right inside the storage 
system monitors the temperature and relative humidity 
within the system. The sensor measures the 
temperature in degree Celsius (oC) and humidity in 
terms of percentage relative humidity (RH %). The 
supplied air temperature is regulated by adjusting the 
speeds of the cooling and circulating fans of the 
cooling system appropriately and the humidifier 
increases the amount of moisture content of the 
supplied air by regulating the speed of the humidifier 
exhaust fan which consequently inject fine mist 
(moisture) into the supplied air to form fine mist of 
moist (damp) airthat continue to circulate the entire 
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volume of the storage system. The storage process is 
controlled by a control framework illustrated in Fig.3 
comprising the developed fuzzy logic controller, 

sensor, and actuators (cooling and circulating fans of 
the cooling system and the exhaust fan of the 
humidification system). 

 

 
fig. 3: schematic of the controlled yam tubers post-harvest storage system. 

 
III. FUZZY LOGIC CONTROLLER FOR 
TEMPERATURE AND HUMIDITY 
 
As conditioned air (air parcel) is passed into the 
post-harvest storage system, it interacts with the stored 
yam tubers which leads to large temperature and 
moisture gradient. This makes the storage system 
model highly complex and non-linear demanding a 
form of intelligent and non-linear control technique. 
 
D. Architecture of Fuzzy Logic Controller (FLC) 
Fuzzy logic is a powerful problem-solving technique 
which has found many applications in a wide range of 
disciplines such as technological development of 
sophisticated control systems. It has been successful in 
several industrial applications including  process 
control, motion control, temperature control, robotics, 
greenhouse climatic control and grain drying 
processes among others [10]-[11]-[12]-[13].Unlike 
conventional control methodology, fuzzy logic control 
approachis easier to design and implement, and does 
not require complex mathematical model 
representation of the system behaviour. This control 
method is suitable for such control systems that are 
highly complex and non-linear in nature, such as 
post-harvest storage process, where the exact 
mathematical model description of the system is 
difficult to obtain. Fuzzifier, rule base, inference 
engine and defuzzifier are the main constituents of 
FLC as shown in Fig. 2. 

 

E. Framework of the Control System 
This study focuses on the control of temperature and 
relative humidity (which are major causes of 
post-harvest losses) in order to sustain the quality and 
quantity of stored yam tubers. The control objective of 
the developed intelligent controller is, thus, to ensure 
that optimum storage temperature and humidity levels 
are maintained within appropriate limits.  
The structure of the feedback control system involving 
the fuzzy logic controller and yam tubers post-harvest 
storage system is illustrated in Fig.3. The proposed 
intelligent controller comprises of two sub-controllers: 
fuzzy temperature controller and fuzzy humidity 
controller. Temperature error, 퐸 and its 
derivative,퐸̇ are the inputs to the fuzzy temperature 
controllerwhile the inputs to the fuzzy humidity 
controller are temperature error,퐸  humidity error,퐸  
and its derivative,퐸̇ . The temperatureerror,퐸  is an 
additional input to the humidity sub-controller due to 
the complex dynamic dependence of humidity on 
temperature. The outputs of thetemperature 
sub-controller are changesincoolingfan speed (∆푈 ) 
and circulating fan speed(∆푈 ), while that of the 
humidity sub-controlleris the humidifier exhaust fan 
speed (∆푈 ). Inputs to the plant are conditioned inlet 
air temperature (푇 ) and moisture injection rate 
(푀̇ ), while the outputs of the plant are actual storage 
temperature (Tac) and relative humidity (RHac). 
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Fig. 2: Basic Architecture of Fuzzy Logic Control System. 

 
In the developed fuzzy logic controller,minimum error 
in the desired controller outputs was achieved by using 
a combination of triangular and trapezoidal 
membership functions (MFs) for all inputs and outputs 
variables of both sub-controllers.  The computational 
architecture of the controller comprises of the MFs and 
the rule base. The proposed fuzzy control rules, for 
both sub-controllers, were constituted in the form of 
“IF THEN” rules which determines the relations 
between inputs and outputs variables. The proposed 
fuzzy control rules were formulated the following 
linguistic terms, NB (Negative Big), NS (Negative 
Small), Z (Zero), PS (Positive Small), PB (Positive 
Big), S (Stop), VL (Very Low), L (Low), H (High), 
VH (Very High) and M (Maximum), which describe 
the MFs for the input and output variables for both 
sub-controllers. These variables were all normalized 
within the limits of -1 to +1 which constitutes the 
universe of discourse. Crisp values for the input 
variables are fuzzified during the fuzzification 
process. The crisp output values for temperature 
sub-controller after defuzzification process are the 
change in speed of the cooling and circulating fans of 
the cooling system, while the crisp output value for the 
humidity sub-controller is change in humidifier 
exhaust fan speed. MAX-MIN inference method and 
Centre-of-Area (CoA) defuzzification method were 
employed for the development of both sub-controllers. 
 
IV. RESULTS AND DISCUSSIONS 
 
To ascertain the performance of the developed 
intelligent controller, reference storage temperature 
and relative humidity tracking and capability towards 
sudden input disturbance rejection were the two 
separate tests performed using MATLAB application 
software. The simulation results obtained are shown in 
Fig. 4 and Fig. 5. As can be evident from the results, 
both-sub-controllers were able to achieve and track 
appropriately the desired (reference points) storage 
temperature and relative humidity within shorter 
settling time of about 5 seconds. This shows the 
proficiency of the developed intelligent controller for 
real-time implementation.During normal operation 
conditions of the storage system, process disturbances 
could occur from sudden door opening, charging or 

discharging yam tubers and also from changes in 
environmental conditions. Both sub-controllers 
responds accordingly by regulating the process 
outputs when a sudden input disturbance was 
introduced at 60 seconds of storage duration. This 
indicates the robustness of the developed fuzzy logic 
controller towards rejection of sudden input 
disturbances.   
 

 
 

 
Fig. 4: System Response with Temperature Sub-Controller 

 

 
 

 
Fig. 5: System Response with Humidity Sub-Controller 



International Journal of Mechanical And Production Engineering, ISSN: 2320-2092, Volume- 3, Issue-9, Sept.-2015 

Intelligent Temperature And Humidity Controller For Yam Tubers Post-Harvest Storage System 
 

45 

CONCLUSION 
 
In this study, an intelligent controller based on fuzzy 
logic control technique has been developed for 
optimal control of storage temperature and relative 
humidity in yam tubers post-harvest storage and 
preservation system. The proposed system adopts 
forced-air cooling method for proper ventilation of the 
stored produce due to its simple nature, flexibility, 
good efficiency, low operational cost, low 
maintenance requirements and lack of leakage 
problems. A cylindrical shaped food produce model is 
adopted for modeling the yam tubers.As shown by the 
simulation results, the developed controller has the 
ability to track the desired reference storage 
temperature and relative humidity and responds 
accordingly to sudden input disturbances arising from 
loading and unloading of the stored produce. The 
intelligent controller demonstrated its suitability for 
real time applications of complex and non-linear 
processes such as the post-harvest storage process.  
The authors thanked International Islamic University 
Malaysia (IIUM) for providing the necessary 
equipment used for the study.    
 
REFERENCES 

 
[1] M. Abdulazeez, M. Salami, and I. B. Tijani, "Intelligent 

Control for Automation of Yam Storage System Using 
Fuzzy Logic Controller," in Computational Intelligence, 
Modelling and Simulation (CIMSiM), 2011 Third 
International Conference on Computational Intelligence, 
Modeling & Simulation, 2011, pp. 22-27. 

[2] R. C. Ray and M. R. Swain, "Bio (Bacterial) Control of 
Pre-and Postharvest Diseases of Root and Tuber Crops," 
in Bacteria in Agrobiology: Disease Management, ed: 
Springer, 2013, pp. 321-348. 

[3] Z. Osunde, "Minimizing postharvest losses in yam 
(Dioscorea spp.): treatments and techniques," Using 
food science and technology to improve nutrition and 
promote national development. International Union of 
Food Science & Technology, 2008. 

[4] L. U. Opara, "Yams: Post Harvest Operation," Massey 
University, Palmerston North, New Zealand (Edited by 
Mejia D, AGST/FAO) www. fao. 
org/inpho/content/compend/text/ch24. htm (last 
modified Aug. 2003), 2003. 

[5] O. A. Adeyinka, S. E. Momoh-Jimoh, K. M. Raisuddin, 
and A. A. Musa, "A review: Intelligent controllers for 
tropical food storage system," in Mechatronics (ICOM), 
2011 4th International Conference On, 2011, pp. 1-7. 

[6] A. A. Kader, "Increasing food availability by reducing 
postharvest losses of fresh produce," in V International 
Postharvest Symposium 682, 2004, pp. 2169-2176. 

[7] F. W. Martin, CRC handbook of tropical food crops: 
CRC Press, 1984. 

[8] A. Ambaw, M. Delele, T. Defraeye, Q. T. Ho, L. Opara, 
B. Nicolai, et al., "The use of CFD to characterize and 
design post-harvest storage facilities: Past, present and 
future," Computers and Electronics in Agriculture, vol. 
93, pp. 184-194, 2013. 

[9] B. R. Becker, A. Misra, and B. A. Fricke, "Bulk 
refrigeration of fruits and vegetables Part I: theoretical 
considerations of heat and mass transfer," HVAC&R 
Research, vol. 2, pp. 122-134, 1996. 

[10] K. Gottschalk, L. Nagy, and I. Farkas, "Improved 
climate control for potato stores by fuzzy controllers," 
Computers and Electronics in Agriculture, vol. 40, pp. 
127-140, 2003. 

[11] S. Khan, S. F. Abdulazeez, L. W. Adetunji, A. Z. Alam, 
and M. J. E. Salami, "Design and implementation of an 
optimal fuzzy logic controller using genetic algorithm," 
Journal of Computer Science, vol. 4, p. 799, 2008. 

[12] H. Mansor, M. Noor, S. Bahari, R. Ahmad, R. Kamil, F. 
S. Taip, et al., "Intelligent control of grain drying process 
using fuzzy logic controller," Journal of Food, 
Agriculture & Environment, vol. 8, pp. 145-149, 2010. 

[13] T. Morimoto and Y. Hashimoto, "An intelligent control 
for greenhouse automation, oriented by the concepts of 
SPA and SFA—an application to a post-harvest 
process," Computers and electronics in agriculture, vol. 
29, pp. 3-20, 2000. 

 
 
 
 
 

 
 


