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ABSTRACT 
 
ZIGBEE is widely used in applications that involved in 
monitoring and communicating functions. ZIGBEE 
technology is used in monitoring and controlling the 
growth of a potato plant inside a greenhouse system. It 
communicates wirelessly to sensor circuits to maintain the 
overall aspect needed for a suitable environment in 
growing potatoes. Light, Water, and Temperature are 
some of the factors being controlled. The purpose of this 
thesis is to look into the possibility of using ZIGBEE in 
Greenhouse application. 
 
Key Words: Database, Greenhouse, Sensors, Zigbee 
Technology, Optimization, Rough Set Theory 
 
 
1. INTRODUCTION 
 
Philippine markets are seeing heavy competition from 
foreign crops, particularly in the high yield area. Cool 
weather crops are mostly grown on mountainous areas 
such as Baguio where cool climate exists. Certain crops 
such as potatoes, lettuce, avocados and breeds of flowers 
require different conditions for high-quality yield. 
Weather, soil, humidity, light intensity and PH level are 
some of the factors that are controlled within a greenhouse 
[1].  
 
The Department of Agriculture in the Philippines is 
planning to fund several greenhouse projects in the 
provinces more specifically Eastern Visayas due to the 
high-quality produce that are flooding the market. Studies 
have shown that the plants grown in a controlled 
environment give higher and better yields. Crops and 
flowers may also be grown all year round because 
greenhouses control the climate and the natural 
environment within it. Philippines exportation of goods 
will improve and be competent by developing and 
automating greenhouses in the country [2]. 
 
A potato plant will undergo this study to test the 
effectiveness of the system compared to normally grown 
potatoes outside [3]. The Factors inside the greenhouse 
are pre-programmed based on the requirements of the 

plant. Potatoes are considered a “cool weather” crop and 
the challenge is meeting the different requirements of the 
potato during its different stages of development. The 
roof controller will shift the translucent material that 
regulates the temperature [4]. The shade alone is not 
sufficient to regulate the internal temperature; therefore, 
water spraying and ventilation system will also be 
incorporated. The temperature sensor will deliver up to 
date information on the condition of the greenhouse.  The 
user may override the system anytime even from a remote 
distance.  
 
The system will include not only real-time data gathering 
but also control of the entire operation within the 
greenhouse. Wireless communication between devices 
will be implemented using ZIGBEE technology to provide 
reliable data information [5]. A user-friendly interface will 
monitor and control the overall aspects inside the 
greenhouse for ease and convenience. 
 
 
2. SYSTEM COMPONENTS  
 
2.1 ZIGBEE  

Zigbee is a personal area network (PAN) that is designed 
specifically to substitute the proliferation of individual 
remote controls [6]. It was created to provide and satisfy 
the market’s needs of a cost-effective, standard-based 
network which supports low power consumption and data 
rates, along with stable security and reliability. Mainly, 
Zigbee is the only standards-based technology that 
addresses the needs for most remote monitoring/control 
and sensory network allocations [7]. It is basically 
designed to provide highly efficient connectivity between 
small packet devices and targeted at radiofrequency (RF) 
applications which require a low data rate along with 
lengthy battery life and secure networking. The 
transmission rate of data varies from 20 to 250 
kilobits/second with a maximum range of operation up to 
250 feet or approximately 76 meters. The project will 
utilize a pair of Zigbee modules as its means of 
communication, one will be the transmitter and the other 
would be the receiver. Instead of RFID [8], Zigbee would 
be used. 
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2.2. Temperature Sensor 

 
For the Temperature monitoring system, the LM35 was 
chosen as the temperature sensor [9]. The group’s 
temperature monitoring will also include an easy to read 
LCD display for easy tracking. The LM35 is 
comparatively more accurate and linear in terms of sense. 
The parameter of the LM35 is set in Celsius format. The 
output voltage is varied by 10mV per degree Celcius. 
There is a discrepancy of ±0.4 degrees. It needs 2 minutes 
to reach target output voltage, and 4 minutes to attain 
equilibrium [10]. 
 
2.3. Soil Moisture Sensor 
 
The soil moisture sensor is based on a capacitive circuit 
that measures the conductance of the soil with the use of 2 
metal conducting probes. The circuit is composed with a 
Quad Op-amp TC084CN that serves as an oscillator, 
differential amplifier, and rectifier. For further testing, the 
Logic Scoring of Preference can be used [11]. A 1 KHz 
square wave frequency is produced by the oscillator 
which will be canceled or attenuated by the differential 
amplifier depending on the input frequency signal from 
the probe and oscillator [12]. The rectifier is responsible 
for converting the output signal obtained from the 
differential amplifier into its equivalent DC value. If the 
capacitance value obtained is high, then the conductivity 
level of the soil moisture content is low and vice versa. 
The moisture content of the soil will then vary depending 
on the conductivity level from the 2 metal probes. USB 
can also be used to transfer data and information [13]. 
 
2.4.IRC Slimboard with Z8F6421 Flash 
Microcontroller 
 
IRC Slimboard is an integrated development module, 
which employs the Z8F6421 Flash microcontroller and 
Zilog’s advanced Z8 microprocessor.  The primary 
advantage of microcontrollers of this type is its on-circuit 
reprogrammable and debugging capabilities.  Thus 
separate tools such as an IC programmer and 
corresponding development board for a specific model 
such as the ones being manufactured by Microchip (e.g. 
PIC18F4550) are eliminated [14].  However, a common 
problem that is usually encountered is the spike of the 
microprocessor. One way to improve this is to use a 
Spatial Algorithm and Neural Network System [15,16]. 

 
The versatility for its use in embedded applications is 
supported by the availability of 60 pins that can function 
either as I/O ports or ADC converters, and the essential 
peripherals such as timers and UART [17].  Furthermore, 
another advantage of the said microcontroller type is the 
capacity to program its 4 kb RAM using C language [18].  

 
 

2.5. Greenhouse prototype 
 

Greenhouses are normally constructed with four walls and 
a triangular roof. Sensors were added to measure 
parameters [19].  All of which are made of glass and other 
materials that insulate the heat and control the climate and 
temperature inside the structure.  Our greenhouse is built 
to simulate cold climate conditions in an urban setting.  
Fiber glasses are still used on 2 sides of the greenhouse 
with adjacent wooden walls.  The roof is made of 
common glass material, which can be readily removed in 
order to provide good accessibility to the plants being 
cultivated and monitored (figure 1). 

 

 
Figure 1: Greenhouse Prototype 

 
2.6. Microsoft Visual Basic  

 
There are several programming languages and compilers 
available in developing a program or graphic user 
interfaces like C++ and Visual Basic which are one of the 
popular ones. Microsoft Visual Basic is used as the 
programming tool being relatively easier to learn and 
simpler to use. Basically, it is athird-generation event-
driven programming language and integrated 
development environment (IDE). This is primarily for 
developers to have an easy way in creating client 
applications with drag and draw features that assign codes 
to add meaningful events on a Windows program.  Simply 
put as the program is drawn, the code is written at the 
same time. It enables rapid application development 
(RAD) of graphical user interface (GUI) programs and 
provides unique software architecture with Windows.  
 
3. DESIGN CONSIDERATIONS 
 
3.1. System Set - up 
 
As shown in Figure 2, the system’s core is the Zilog 
microcontroller and the Zigbee coordinator. The 
microcontroller accepts input from the soil moisture 
sensor’s capacitive comparator and the temperature 
sensor’s serial input. The microcontroller’s output is 
directed to the LCD display, Tunnel Ventilation and water 
solenoid sprinkler. The Zilog MCU also outputs to the 
data logger program using the ZigBee coordinator. The 
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ZigBee slave then receives the transmission then the data 
logger saves the data. The process is repeated using 
different sampling times for each input. Testing the 
Zigbee System requires Neural Network software testing 
[20]. 
 

 
 

Figure 2: System Block Diagram 

 

3.2. Light Sensor 
 

 

Figure 3: Schematic Diagram of Light Sensor 
 
This circuit uses an LDR which opposes current from 
flowing to C1. Therefore it limits the voltage across C1 to 
about 0.3V. When the light strikes LDR its resistance 
drops allowing current to flow to the bases of Q1 bringing 
it to conduction. Q2 and Q3 are like flip flops and they 
conduct alternately. At the juncture the relay will switch 
when the light is enough [21].  
 
3.3. Dark Sensor 
 
Automatic dark detector senses darkness. As the light 
level decreases and LDR meets the maximum threshold 
resistance, the circuit automatically switches on the 
Motor.  
 

 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4: Schematic Diagram of Dark Sensor 

 
 
3.4. Solenoid Water Valve 
 
A solenoid water valve is used to control our water 
cooling system. The Manufacturer was Hydroelectric. We 
chose this particular valve due to its operating voltage of 
12 volts [22]. Most of the devices used in the system 
require the same voltage level therefore a common source 
is being utilized to cut back on expenses. The solenoid 
valve can be configured to output .25 -17 liters per 
minute. The pressure that we require is also met by the 
solenoid valve. 
 

 

Figure 5: Solenoid Valve Functions 

3.5. Roof Control System 
 
A roof sensing circuit will maintain the amount of light 
needed in the greenhouse system to regulate the air 
temperature inside. The Light/Dark sensor will control the 
motor and the limit switch of the roof. If there is too much 
light, the roof will be automatically be covered with a 
tinted sunscreen film and will uncover it respectively 
when it is dark.  
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3.6. Process Flow of Microcontroller Program 
 

Figure 6: Block Diagram of Microcontroller Program 
 
 
3.7. Rough Set Theory Test 
 
The basic industrial electric fan will be used as the 
entrance of our cross flow tunnel ventilation. The output 
of the System will be inputted in the database. A Rough 
Set Theory Algorithm will be used to optimize its result 
[23,24]. The Rough Set Theory are based on the Works of 
Palwak [25]. 

 
The base of the fan will be disassembled then mounted on 
a wooden housing. The fan will also be positioned facing 
the plant to maximize the airflow. The exhaust fan used 
will be a water proof exhaust fan. This exhaust fan will be 
positioned on the opposite side of the greenhouse. The 
database of the system will be in the form on an 
Information System S = (U, A). Information System [26, 
27]. 
 
4. DATA AND RESULTS 
 
4.1 Temperature Sensor Test 
 
The data acquired from our testing procedures reveal that 
the temperature sensor used by the group for the thesis 
prototype is accurate especially when measuring ambient 

temperatures of a particular environment.  Thus it 
displayed enough sensitivity to quantify the changes on 
the temperature within the greenhouse prototype while it 
is being managed by the corresponding control system 
[28]. Temperature sensor test details is shown in table 1. 
 

Table 1: Temperature Sensor Test 
       

Hg 
Thermometer 
Reading (°C) 

Temperature 
Sensor 
Reading (°C) 

Percent 
Difference 

31 28.12 9.7% 
32 29.32 8.7% 
32 28.13 12.87% 
32 29.17 9.25% 
30 27.7 7.97% 

 
 
4.2 Zigbee Distance Test 
 
The Zigbee distance test confirms that the Zigbee 
modules are more than enough to satisfy the size 
requirements of a Greenhouse. Greenhouses in the 
Philippines are standardly 10 feet by 40 feet, therefore the 
ZigBee is more than sufficient to cover the entire 
greenhouse [29]. ZIGBEE distance test details is shown in 
table 2. 
 

Table 2: ZIGBEE Distance Test 
 
Distance (ft) Signal Received 

(Y/N) 

10 Yes 
15 Yes 
20 Yes 
25 Yes 
30 Yes 
With physical isolation (concrete 
and door) 

Yes 

35 Yes 
40 Yes 
40 feet With Physical Isolation 
(concrete and doors) 

No signal 

50 Yes 
 60 No signal 
 

 
 
4.3 Soil Moisture Sensor Test 
 
The Soil moisture sensor was very sensitive in detecting 
highly saturated and dehydrated soil. In conditions where 
the soil moisture was adequate, the output flashed both 
High and Mid LED. Based on the Zilog programming 
scheme we designed the water solenoid valve to open 
only if the soil moisture module outputted a Low output 
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(Red LED). The output was immediate and very accurate 
as to the situation of the soil. Table 3 shows soil moisture 
sensor test. 

 
Table 3: Soil Moisture Sensor Test 

 
Soil Moisture Soil Moisture 

Reading 
Voltage Level 

Very Dry Soil  Low ≥ 0.25V  
Newly Watered Soil High ≤ 1.0V  
Water Saturated 
Soil 

High ≤ 1.0V  

Normal Water 
content 

Mid/ Low 0.26V – 0.99V 

 
4.4 Potato Growth 
 
The group’s potato tubers were planted and after 15days 
the sprouting stage was complete and we observed quick 
growth of stem and initial buds. This is within the 
expected sprouting period of 2 weeks. The 15 days should 
not be counted as growth period because this was merely 
the appearance of initial roots stem and buds. The group, 
therefore, had 81 days to cultivate the plant. Stage 2 of the 
growth stage began around August 26-31. Stage 2 was 
entered by the greenhouse plant after 33 days from 
planting. This is within the expected outcome, because 
stage 2 takes about 30-70 days. The 2nd to 3rd stage 
transition of growth took approximately 12days again this 
is within the expected result.  
 

Table 4: Potato Growth Stages 
 
 Philippine 

Recommends 
Benguet State 
University 

Thesis 
group 

Planting 
stage      
(tuber 
seeds) 

Pre-sprouted 
tubers 2-3cm 
long 

Pre-sprouted 
tubers 1-3cm 
long 

Fully 
grown 
potatoes 
already 
sprouted       
8-14cm 

Stage 1 Approximately           
2 weeks 

Approximately           
2 weeks 

15 days 

Stage 2 2-4weeks 2-3 weeks 18 days 
Stage 3 Approximately           

2 weeks 
Approximately           
2 weeks 

12 days 

Stage 4 Approximately           
1 month 

Up to a month 36 days 

Stage 5 3-4 months Until the plant 
dies 

 

 
 
4.5 Potato Yield 
 
As presented in Table 5 below, the automated greenhouse 
was able to yield 452 grams. This yield is higher than the 
low elevation yield in areas such as Cabuyao, Laguna & 

UP Los Bańos: Bayog, Los Bańos, Laguna; & Angat, 
Bulacan. But the automated greenhouse yield is lower 
when compared to areas such as Mountain trail and La 
Trinidad. The maturity period of the greenhouse plant was 
also in between the maturity of low elevation and high 
elevation plants. If given more time and if the pest 
problem were avoided the group’s potato plant would 
have surely yielded more. Also, during rainy seasons the 
yield of the entire country plummets. Data mining and 
Optimization Algorithms like the Rough Set Theory can 
also be used to optimize the data [30,31,32]. 
 

Table 5: Data Yield Comparisons 
 
Location Maturity 

Period 
(days) 

Yield 
(grams) 

Climate 
conditions 

Mountain 
trail, Baguio 

80-90 539-566 High elevation 
(optimal 
weather) 

La Trinidad, 
Baguio 

80-90 755-809 High elevation 
(optimal 
weather) 

UP Los 
Banos 

70 382-474 Low elevation 
(normal 
weather) 

Cabuyao, 
Laguna 

70 382-474 Low elevation 
(normal 
weather) 

Angat 
Bulacan 

70 369 Low elevation 
(normal 
weather) 

    
Thesis 
Greenhouse 

81 452  Controlled 

 

 
Figure 7: Potato Yield 

 
5. CONCLUSION 
 
The Automated Greenhouse System implemented with 
the Zigbee Standard was able to operate for most parts of 
the day and night. However, there were many instances 
where the system had to be restarted. The restart process 
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involved merely unplugging the power and restarting the 
laptop computer. This happened many times during the 
entire growth process of the potato. The Automated 
Greenhouse System implemented with the Zigbee 
Standard was able to keep the potatoes free from nature’s 
wrath such as powerful wind of typhoon and other natural 
calamities. The searing heat of the sun was also a very 
important factor, because potatoes cannot survive in too 
much heat. The temperature inside the automated 
greenhouse was a few degrees lower compared to the 
outside temperature. The water evaporation coupled with 
the tunnel ventilation were effective in lowering the 
temperature dramatically.  
 
6. RECOMMENDATIONS 
 
The researchers would recommend dry ice to be injected 
into the Greenhouse, enabling the Greenhouse to cool 
more effectively and start growing crops that require cold 
temperature such as strawberry. Any future researches 
that will use this thesis must be more experienced in 
planting crops. The group was unable to employ 
techniques in raising crops such as stem cutting, proper 
spacing, dehulling and many other end techniques. Crops 
such as iceberg lettuce, strawberries, grapes and other 
cold weather crops can be planted in the automated 
greenhouse. These crops are more expensive and will 
absolutely boost the agricultural output of the Philippines 
and make life better for the ordinary farmer. The future 
for high output yield in the Philippines will rely on 
technology to better serve mankind.  
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