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Abstract — This article highlights the design of a unique control technique for irrigation hours or known as rectifying method. The 
concept of rectification is implemented for setting interval irrigation house for greenhouse in accordance to the changes of daily 
weather parameters. Three sensors were used for measuring temperature, humidity and sun intensity (irradiance). The sensors 
provide data that are function as multiplying factor for the control algorithm to perform autonomous adjustment for the next 
irrigation time. The algorithm involves with a constant K which is applied as time setting for daily irrigation hours. The time setting 
is manually calibrated associated with the local weather such as dry climax, raining and hot weather. The sensors measure data and 
record for every 7 minutes. Every 20 minutes the measured data is calculated by the rectifying algorithm to produce new interval 
time. This new interval is further refined before the system produce the final interval irrigation hours. The number of interval per 
day will make the condition in the greenhouse conducive for plant that would promote healthy growth of plants in the greenhouse. 
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I.  INTRODUCTION  

Nowadays greenhouses are used widely and extensively 
by botanists, commercial plant growers, and dedicated 
gardeners for planting plants. Plants can be grown easily in 
the greenhouse due to the availability of required plant 
environmental conditions. It can be a potential businesses 
model for a new concept of home agriculture especially in 
tropical countries. In Malaysia each house consumes small 
garden or land which is very valuable if properly managed 
for home agriculture. One of the unique ideas to materialize 
the potential of home agriculture project is setting up mini 
greenhouse. In general a greenhouse is a building in which 
plants are grown. The purpose of a greenhouse is to provide 
a controlled environment for plants, which allows them to 
flourish under optimal conditions. It has a structure with 
different types of covering materials, such as a glass or 
plastic roof. Glass or plastic walls are heats up because 
incoming visible solar radiation from the sun is absorbed by 
plants, soil, and other things inside the structure. Air warmed 
by the heat from hot interior surfaces is retained in the 
greenhouse by the roof and wall. In addition, the warmed 
structures and plants inside the greenhouse re-radiate some 
of their thermal energy in the infrared spectrum, to which 
glass is partly opaque, so some of this energy is also trapped 
inside the glasshouse.   

Although heat loss due to thermal conduction through 
the glass and other building materials occurs, net energy 
increases (and therefore temperature) inside the greenhouse. 
Monitoring and controlling the changes of the heat inside the 
greenhouse for promoting fast growth of plants is a new 
exploration especially for tropical climax. Apart from the 
above factor greenhouse in tropical countries is exclusive in 

minimizing the usage of pesticide chemicals which is badly 
harmful to human. Heavy dose of pesticide is used to prevent 
the plant from the insect and bugs in open plantation. Insect 
and bugs such as mosquito, snails, bat and etc. are well 
known becomes the main disturbance of the plant to growth. 
Hence greenhouse becomes the best option to isolate the 
disturbance and ultimately produce healthy vegetables 
without chemical. 

II. HOME AGRICULTURE PROJECT 

The project involves the development of modern 
agriculture system specifically for home user. It maximizes 
the small land or home garden to generate lucrative income 
with low cost and minimum maintenance. The system is 
powered through Solar for supporting all the electronic 
devices includes automation system, motor pump and night 
lighting system.  

 In tropical countries typically in Malaysia, medium 
scale greenhouse is common for planting strawberry in 
highland areas. Few farmers used to plant vegetables, 
flowers and potato. However small greenhouse for home 
garden is rarely seen even many houses have enough space 
to set up mini greenhouse.   

Hence this project is to explore the effectiveness of the 
greenhouse against tropical weather, low maintenance cost 
and also technopreneurship concept generating side incomes 
for housewife or garden hobbyist. The project will explore 
all the components of the system include design, test, 
measurement and garden products. The next project that is 
very much related to similar control is Aquaponics: 
combination of aquarium and hydroponic. The control pump 
is monitored to ensure adequate volume of water from 
aquarium to hydroponic plants. The hydroponic plants will 
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make uses of the aquarium water and clean up the nitrogen 
contents. The clean water is feed back to the aquarium so 
that the fish will get less nitrogen contents of water. The 
circulation is helping the growth for two entities: Fish and 
Plants. 

III. GREENHOUSE PROTOTYPE 

Figure 1 shows the prototype of greenhouse which 
comprises four main components. There are solar power 
system, greenhouse structure, water tanks, sensor devices 
and monitoring control circuit. The details of the 
components are summarized in the following subsections. 
While Figure 2 demonstrates the control circuit, an inverter 
for water pump, Solar charger and water host. 

A. Solar Power System 

The solar power system is designed to provide full power 
supply for the whole system of the greenhouse. The solar 
system consists of 2 photovoltaic (PV) panels with each 
produces 70 W. The total of power generated by the solar 
system would be 140 W. This power is used continuously 
providing DC supply for all the functions in the greenhouse. 
The two solar panels are charging the batteries of 4 cells 7 
AH on day time which should be sufficient to support the 
system on the night time. The optimization usage of power 
for the greenhouse is summarized in Table 1. 

It is estimated the system consumes approximately 1 A 
per night for normal day.  With conservative calculation 
therefore  four 7 AH batteries would be enough to ensure the 
whole system is survived for one whole night before the 
batteries being charged again on the day time. 

B. Green House Automation   

The prototype greenhouse as shown in Figure 1 has open 
area of 7’ x 12’ which is equivalent with 84 sq. feet. The area 
can accommodate approximately 30 to 35 plant begs. The 
greenhouse is constructed using metal frame and coated with 
transparent plastic to filter out 30 % of radiated sun.  

Two parameters inside the green house are continuously 
measured and the data is saved in SD card. The two 
parameters are humidity and temperature. The third 
parameter is irradiance. These parameters are interrelated 
and change towards the condition of current weather, for 
instance during day time, the temperature and irradiance are 
normally high while the humidity is low. 

The main automation that have been designed is 
irrigation interval hours. Irrigation hours is an interval time 
for watering the plant. The interval is calculated based on 
data measurement from environment sensors for activating 
the sprinkler at regulated time. In short the interval is longer 
when the weather is cool and become shorter when the 
weather is hot.  The movement of the interval is to ensure 
the plants are regulated with efficient water supply and the 
temperature in the greenhouse is well controlled especially 
during hot condition. The sprinkler is placed on top of the 
green house for wide watering coverage. The duration of 
watering is set to 2 minutes that makes the temperature 
dropped slightly after the activation. This process is 

continuously regulated to ensure the temperature and 
humidity is well maintained at productive level.  

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1: Greenhouse, Water Tank and Solar PV 

 

 
 

Figure 2: Controller, Inverter, Solar Charger and Water Host 
 
SHT1X sensor is an integrated two in one sensor for 

measuring temperature and air humidity. SHT1X is using 
one wire technology which requires 3 pin ports. 
Pyranometer that is used in the measurement produces a 
value known as irradiance or watt per area (W/m2). 
Irradiance is the radiant flux (power) received by a surface 
per unit area. This value indicates the strength of light 
intensity. In this project light is required to facilitate for 
photosynthesis process for plant to grow. Therefore, part of 
the study is to explore the duration of light that make the 
plant to grow faster. When the light is low especially during 
night time, the green house is light up with full spectrum 
florescence light. Full spectrum florescence light has 
capabilities to generate all wavelengths that are useful for 
plant [13]. Some plants grow better when given more of a 
certain light color, due to the high mechanism of 
photosynthesis. 
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TABLE 1: POWER SOURCE AND POWER USAGE 
 

Item Power Source Specification 
1 Solar Panel PV 70W x 2 140 W 
2 Dry Cell Batteries 2AH x 2 for 

Control Unit 
4AH 

3 Dry Cell Batteries 2 AH x 2 for 
Pump Inverter 

4 AH 

4  2 x Solar Charger 2 Ampere 4 Ampere 

 Total Ampere 4 to 8 A/day 
 

Item Components Current Usage (mA) 
1 Control Unit 24H x 20 mA 0.48 
2 4 Night Light LEDs 0.3H x 12 x 

15 mA x 4 
0.216 

3 Water Pump from Power 
Inverter 20 watts 
0.03 H x 1.67 A x 3  
 

 
0.15 

 Total  0.846 A 

 
 

 
Figure 3: Block Diagram of Autonomous Watering System 
 
  

C. Real Time Data Measurement 

The system communicates with the various sensor 
modules in real-time in order to control the light, ventilation 
and temperature control efficiently inside a greenhouse by 
actuating a sprinkler, fan ventilation, and lights respectively 
according to the pre-known condition of the crops. An 
integrated Liquid crystal display (LCD) is used for real time 
display of data acquired from the various sensors and the 
status of the various devices. Microcontroller board with 
peripheral components   are easily available hence reduces 
the fabrication costs. The design is quite flexible as the 
software can be changed any time. It can thus be tailor-made 
to the specific requirements of the user. The measurement 
data devices has been programmed to capture 5 data 
parameters which include time and date, temperature, air 
humidity, soil moisture and irradiance. The interval of data 

capture is fixed for every 7 minutes. Below is an example of 
captured data with stop code (XX).  

 
XX0817170500001F020D1B820AXX1017170500002

102061B990AXX1817170500001D02011B9C0AXX2017
170500001C02011BA30AXX2817170500001E02F41A92
0A 

The acquitted data that stored in MMC is used for 
monthly analysis using Environment Data Manager (EDM) 
[7]. EDM keeps records for all the months with the aim to 
investigate the climax changes throughout the year.    

D. Autonomous Integrated Monitoring Board  

Systems of the future will increasingly have the 
characteristics of the autonomous features. Autonomous is 
described as independent system which run with minimum 
supervision. In this paper interval irrigation hours is being 
emphasized for one the automation control. Other features 
that would be designed for automation are    

• Monitoring intruder detector e.g. monkeys. 
• Fertilizing control 
• Solar Panel tracker control  
• Night light control for enhancing Photosynthesis 
 The control board is a readymade board with 

microcontroller 18F4250. It has 7 ports which are sufficient 
for small control application. Besides the main board, 
additional boards are also required to facilitate the 
monitoring functions such as Real time circuit (RTC), 
Humidity and Temperature sensor board, keypad and relay 
board. Configuration of each board is done through MicroC 
(compiler and debugger). The network of the whole system 
is illustrated in Figure 3. 

IV. INTERVAL ALGORITHM 

In tropical country soil moisture is easily evaporated 
within few hours. The water should be timely replaced to 
ensure the plants are not over dried. The frequency of 
watering for plants is dependent on the condition of 
weather. Many watering plant systems implementing soil 
moisture factor as indicator to activate or scheduling the 
time for watering the plants. N.J.Jeng and R.Radharaman 
design low cost control circuit to measure soil moisture 
[17]. The circuit is implanted in the few locations with each 
unit transmits the data through Wi-Fi signals. Each unit is 
powered with small batteries that last for 6 months. Fisher 
also use soil moisture as main factor to indicate the 
scheduling for watering the plants [12]. Both requires few 
hundreds of sensors to transmit data to the main controller. 
The drawback from these techniques is the management of 
the devices which require intensive monitoring and 
maintenance. The device is also exposed to water as it is 
being implant in the soil to read the water contents of the 
soil. This also makes the lifespan of the device is shorten 
due to corrosion or oxidation. .  

A new method that eliminates the drawback of soil 
moisture technique is by using feedback of data integration 
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from three parameters: temperature, air humidity and 
irradiance. This feedback method is based on calculation to 
produce interval time for activation. 

 
 

Figure 4: Algorithm of Interval Irrigation Hours 

 
Figure 4 shows the illustration of feedback control for the 

complete system. Interval algorithm will receive two inputs 
to generate the next activation time for control system.  

A. Parameters in Algorithm 

First input is calibration, K, that is set to determine the 
regular hours for activation. The range of K is 1 to 5 Vdc. 
It can be easily adjustable through variable-resistor 1KΩ, 
Second input is from the two sensors which are calculated 
to produce multiply factor for K. One wire sensor SLTH1 
is used to measure two environment parameters namely 
humidity and temperature. Another sensor is pyranometer 
which is used to measure sun intensity. The interval 
algorithm uses feedback signals from the three sensors to 
decide the next interval time for water sprinkler. In general 
the process of control is shown in Figure 5.  

The result is used to add with the present activation time 
which then produce the next activation time. The example 
of the results is explained in the discussion section. 

The relation for the three parameters with time activation 
has been described in [1] as follow: 

 

 
The equation can be further justified as  
 

 
 

 
 

where K is a constant which related to the coefficient factor 
for Time activation. 

B. Sampling Time and RTC 

Besides sensor Real Time Clock (RTC) is used to keep 

track the time. RTC is mandatory for running the algorithm. 
The sampling time for checking the condition of the 
greenhouse is set for every 20 minutes. The measured data 
wil be calculated to produce the time H. This value will be 
added with the current time for final interval time.  

V. MEASUREMENT AND RESULTS 

Measurement exercise was carried out on 1st April 2016 
with the aim to study the trend of graph H. The 
measurement graph as shown in Figure 10 is ploted using 
the algorithm. The graph produces consistent long hours for 
H before 8.00 am. It starts to move down as weather starts 
to change from morning to full sun. The slope is slightly 
narrow which takes 2 hours from 8.00 to 9.30 am. Once the 
graph reach the lowest level it continues low until 15.00 pm. 
After 15.00 pm the graph starts to move up till 17.00 pm. 
The duration for the second slope tooks 2 hours.  

The gradient of the two slopes are dependent on 
condition of daily weather. The gradient is larger when the 
day time is bright while on the other hand it becomes 
smaller when the day time is raining. The changes of the 
slope control or rectify the interval of irrigation time. 

The flowchart of Figure 5 shows the process of sampling 
for the interval time H. The sampling time is set for every 
20 min. The algorithm will calculate and produce the value 
for H. If the value is bigger than 2 hours, the process will 
be repeated to rectify the final H particularly at the two 
slopes. This rectifying process is configured during day 
time only.  

Two samples of Interval irrigation time have been 
recorded through the same control system. Figure 10 shows 
the interval numbers is 6 times per day due to cloudy and 
raining day while Figure 11 shows 8 times per day due to 
hot and bright day. The smart control time for the 
greenhouse is very significant as the plants grows healthy. 
Figure 7, 8 and 9 show the plant growth after 7 weeks of 
using the smart irrigation system.   

VI. DISCUSSION 

Greenhouse project is a new concept of entrepreneurship 
for house owners in Malaysia. The project scope involves 
with the design structure of the greenhouse, smart irrigation 
for plants, monitoring system, guarding system, fertilizing 
and etc. The results for smart irrigation hours using 
rectifying method, justified good impact to the plant 
growth. The number of irrigation time per day is reflected 
from weather changes such as hot day, raining and cloudy. 
It is fully autonomous, low cost and easy to manage. The 
algorithm coding also has been designed and tested. The 
algorithm uses weather changes that   being read by three 
environment sensors. The response is feedback to the 
control algorithm for calculating the new interval time. The 
new control algorithm also promotes healthy plants without 
insect problems and environment pollution.  

(1) 
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Figure 5: Flowchart of Irrigation Hours 
 

 
 

Figure 6: Irrigation Hours for One Day Measurement 
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Figure 7: Plants Growth after 2 Weeks 

Figure 8: Plants Growth after 4 Weeks 

Figure 7: Plants Growth after 2 Weeks 
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VII. CONCLUSION 

In tropical country plants growth is highly effected by 
weather.  The temperature could rise up to 37’C during peak 
at noon every day. This temperature level is not suitable for 
some vegetables plant. Simple autonomous control to 
control the temperature level is by using feedback sensors 
to determine the next irrigation time. This method regulate 
the daily irrigation time hence control the temperature and 
humidity in the greenhouse. This unique automation control 
would help user to spend less time with the plants but the 
plants can grow healthy and safety. 
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Figure 9: Plants Start to Flowers (7 weeks) 



M. AMIR ABAS et al: AUTONOMOUS IRRIGATION CONTROL THROUGH RECTIFYING METHODS FOR … 

DOI 10.5013/IJSSST.a.17.32.30                                         30.7                              ISSN: 1473-804x online, 1473-8031 print 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
 
 
 

Figure 10: Eight Interval Hours for Bright Day 

Figure 11: Six Interval Hours for Cloudy Day 
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