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 This study aimed to develop and test the feasibility of a smart greenhouse 
prototype media that is used as a planting medium with an automatic 
watering system. The method in this study was Research and Development 
using the Waterfall model. In order to test the feasibility, the prototype was 
validated with material expert validators, media expert, and farmers. The 
questionnaire instrument was compiled based on Walker and Hess 
instrument. The results of the research found are as follows: the results of 
feasibility research by media experts has an average score of 4.35 with the 
category "very feasible", assessment by experts the material has an average 

score of 4.4 with the category "very feasible", and the assessment of the user 
has an average score of 4.06 with "feasible". The purposed controlled system 
of smart greenhouse and as a media for farmers was validated. Our results 
demonstrated that the smart greenhouse is suitable media to help farmers 
cultivating the tomatoes plant.  
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1. INTRODUCTION 

Tomato plant (solanum lycopersicum mill) is a commodity of vegetables that cannot be separated 

from daily needs as a complementary food. In addition, this plant is rich in vitamins and minerals needed for 

human growth and health. The high demand for tomatoes in Banten, is not supported by the amount of 

production of this plant. Based on data from the central statistics agency of Banten Province in 2017, Banten 

only had a tomato harvest area of 214 hectares which produced 10,168 quintals, but in 2016 the production 

reached 16789 quintals [1]. It can be concluded that tomato production decreased by 6621 quintals due to the 
lack of loose soil. 

Tomato cultivation requires special attention. It has been reported that tomato is characterized by 

high water need and it is considered moderatedly sensitive to salinity. Therefore, development of strategies is 

necessary to enchance efficiency of water use and maintaining the quantity and quality of tomatos production 

[2-3]. On the other hand, in this case, land and environmental have also factors greatly influence such as 

temperature, soil moisture, watering, the need for radiation or light intensity and others. In addition, the 

limited land area, because uncontrolled land has an impact on the balance of the ecosystem due to it causes 

extreme climate change, therefore the need for tomato cultivation which can overcome this problem. 

https://creativecommons.org/licenses/by-sa/4.0/
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Greenhouse is a construction building that functions to avoid and manipulate environmental 

conditions desired and has complicated procedure since the number of variables involved on it and which are 

dependent on each other [4-6]. Technological developments in greenhouse are able to adapt, change, and 

engineer climate namely air temperature, duration of watering, soil Moisture and air circulation [7-8]. The 

use of greenhouses has been widely used for agriculture in various regions in Indonesia, but the processing in 

greenhouses is currently still performed manually or semi-automatically which means it still requires human 

intervention in its management. One of them is the watering process, watering is something that can not be 

seperated in maintaining and caring so that plants can flourish, but sometimes watering plants is often 

ignored, so if the water needs needed by tomatoes are not met, it will have a fatal impact on the development 

of the plant itself. In manual management process, farmers are required to directly observe the plants in the 
greenhouse. This results in less effective management, longer production processes and high processing 

costs. Therefore, it requires watering the plants automatically. 

Automatic watering system based on internet of think (IoT) that used a microcontroller by using 

wifi to transmit data that was monitored on an android application. The microcontroller used was NodeMcu 

which is already integrated with the ESP8266 module as a module for internet connection [9]. In the process 

of monitoring this system used DHT11 sensor for temperature and humidity monitoring. This tool used a soil 

moisture sensor which is used as a standard for detecting water content in the soil [10-13]. If the water 

content conditions in the soil are in accordance with the standards in the program, the automatic watering will 

start. In this case, automatic control of watering in the form of scheduling and monitoring can be performed 

wherever farmers are. Implementation of an automatic watering system based on IoT will help farmers in 

caring for plants and monitoring temperature and humidity, thus providing monitoring and scheduling that 
can be performed through applications on smartphones connected to the internet [14-15]. With the 

advancement in technology, everything can be arranged using an automatic control system. The technology 

still uses electricity, the electricity power needs are very important to maintain the stability of the 

Greenhouse. But in fact, fossil energy reserves are increasingly depleting, encouraging humans to make 

renewable and environmentally friendly alternative energy to meet electricity needs. By utilizing sunlight as 

an alternative power source that is renewable and free of pollution. In fact, in Indonesia renewable energy has 

not been utilized optimally, as an alternative energy source. 

Based on the above problems, this research aimed to make the development of smart greenhouse 

prototype as a tomato plant cultivation using transparent solar cells as a source of electricity. From the above 

background, the following problems can be formulated: (1) How is the process of developing the Smart 

greenhouse prototype as a tomato plant cultivation using a transparent solar cell as an electric source, (2) 

How is the feasibility of developing a smart greenhouse prototype as a tomato plant cultivation using 
transparent solar cells as a source of electricity for farmers. The research objectives to be achieved in this 

research are developing smart greenhouse as tomato plant cultivation using transparent solar cells as a source 

of electricity and validate the feasibility of smart greenhouse prototype as tomato plant cultivation using 

transparent solar cells as electricity sources for farmers. 

 

 

2. RESEARCH METHOD 

The research method used in this study was research and development (R&D) with a waterfall 

development model [16]. The waterfall method consists of five stages, namely requirements definition, 

system and software design, implementation and unit testing, integration and system testing, operation and 

maintenance. This research was conducted in June-July, 2019 in the Electrical Engineering Education 
laboratory and farmer's farmland in the area at Cipocok Village, Serang City, Banten Province. The subjects 

of this study were 10 farmers. Data collection techniques and research instruments were used to observe, 

interview, and questionnaires. The questionnaire instrument was compiled based on Walker and Hess 

instrument [17]. The questionnaire instrument was given to media experts, material experts and farmers as a 

user. The media expert questionnaire instrument consisted of three aspects namely media design, technical 

and benefits. The material expert questionnaire consisted of three aspects, namely material and benefits. The 

user questionnaire instrument consisted of four aspects namely media design, technical, material and benefits. 

The questionnaire was validated by means of instruments that have been prepared in consultation 

with the supervisor or experts in their field (expert judgment) to get a valid instrument assessment. The 

questionnaire instrument which was declared valid by the expert was then calculated for its reliability using 

the Cronbach Alpha formula [18]. Data analysis used descriptive analysis. The product was tested for 

feasibility using a questionnaire assessed by experts and users with a four-choice Likert scale, namely: 
Strongly Agree, Agree, Disagree and Strongly Disagree. After the data were obtained, then changed the 

qualitative data into quantitative with an assessment of 1 to 4. The assessment results were then analyzed and 

categorized according to the assessment criteria by referring to the quality predicate of the product based on 
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the conversion of quantitative to qualitative data, by referring to the quoted formula from Widyoko [19]. The 

following Table 1 is the conversion of quantitative to qualitative data that was used to interpret the feasibility 

of the product.  

 

 

Table 1. Conversion of quantitative to qualitative data [19] 
Formula Mean Classification 

X>𝑋1
̅̅ ̅+1.8xsbi >3.4 Strongly Feasible 

𝑋1
̅̅ ̅+0.6xsbi<X≤𝑋1

̅̅ ̅+1.8xsbi 2.8<X≤3.4 Feasible 

𝑋1
̅̅ ̅-0.6xsbi<X≤𝑋1 

̅̅ ̅̅ +0.6xsbi 2.2<X≤2.8 Fair 

𝑋1
̅̅ ̅-1.8xsbi<X≤𝑋1

̅̅ ̅-0.6xsbi 1.6<X≤2.2 Not Feasible 

X≤𝑋1
̅̅ ̅ -1.8xsbi ≤1.6 Strongly Not Feasible 

 

 

3. RESULTS AND ANALYSIS 

The aim of this research is to develop a smart greenhouse prototype as a media for cultivating 

tomatoes plant utilized transparent solar cells as a source of electricity that suitable for tomato farmers in 

Serang City. In order to design a suitable media, there were 3 stages that we conducted in this study as 

follows: 
 

3.1.   Learning media development 

The first step to conducte a learning media development, observations and interviews were done 

with tomato’s farmers and the banten agricultural office. The results showed that financial supporting from 

banten agriculture office was limited for the farmers. This problem will be affected decreasing the production 

of tomatoes in Banten area. In the farmer point of view, weather and soil condition were constraint in 

growing tomatoes. According to the other literature, the typcal condition for cultivating tomatoes are 

temperature range of 24-32 °C, soil humidity of 50-80 RH%, sunlight of +400 fc and 500-1500 masl [2-3]. 

These datas were used to develop hardware and software requirement analysis.  

The design of smart green house can be explained on (1) hardware design is a description of the 

product to be made. The hardware prototype design can be seen in Figures 1(a); (2) Software design, at this 
stage there were two software namely Arduino IDE 1.8.5 and Blynk. The Arduino IDE 1.8.5 was used to 

process DHT11 sensor data and soil moisture data was sent to the blynk server via the Internet of Things 

module. The details information of DHT11 sensor, Arduino, and the Blynk software platform for 

enviromental monitoring can be found in elsewhere [20-21]. Programming was performed using the blynk 

format. Data that was sent to blynk can be monitored via android using the blynk application. Blynk is an 

application used to monitor soil temperature and humidity values; (3) mechanical design is a watering plant 

monitoring system based on soil moisture. Mechanical design was made with a combination of several 

components. Mechanical design of smart greenhouse prototype was shown in Figure 1(b); (4) Land design 

was made with a size of 30 cm X 6 cm X 6 cm which is adjusted to the size of the prototype. In land design 

there were three containers of plants (raised beds) where one bed was filled with 10 tomato seeds. The beds 

were placed vertically facing the solar cell with a distance of 60 cm, the distance between the beds and other 

beds was 5 cm so that they are not too close together and can grow well, the position of the beds was closer 
to the water pipe with a position above the beds with a distance of 30 cm so that between the pipe and the 

beds are not too close. Inside the beds, there was a soil moistue sensor with a depth of 5 cm from the ground 

surface. The internet of things module was placed outside the planting area. Land design was illustrated in 

Figure 2(a); (5) Electronic design is a combination of all components in smart greenhouse prototype. 

Electronic design of the media was presented in Figure 2(b); (6) manual book design was made to facilitate 

farmers in operating smart greenhouses, (7) the design of the whole tool was a series of whole systems using 

the internet of things module as a microcontroller. This design that used a DHT11 temperature sensor and a 

soil moisture sensor will be an indicator of watering the plants. Data obtained from the sensor will be sent via 

the internet to blynk. The data sent can be monitored on the blynk application that has been installed on 

Android to run the water pump as a watering system.  

After designing hardware and software of smart green house prototype, the next step was an 
implementation and unit testing of smart green house by utilizing transparent solar cells. There were 2 

conditions that conducted during the implementation and unit testing of smart green house. These are 

condition of greenhouse without watering and with controlled watering. In order to obtain temperature and 

humidity data in the greenhouse without watering, the temperature testing was carried out from 07.00-17.00 

western Indonesian time (WIB). The highest temperature occured at 12.00 WIB with a temperature of 35 °C 

and humidity of 35%. The results can be used as a basis data for making temperature and humidity control 
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devices in the greenhouse. Temperature and humidity without watering were relatively high, which is 

between 32-35 oC. This temperature value was not the optimal condition for tomato plant growth because 

tomato plants require optimal temperatures between 24-32 oC [22-23], therefore it will not grow maximally. 

Likewise, the humidity value also affected to the tomato growth. Hence, temperature and humidity need to be 

controlled. The results of temperature and humidity were shown in Figure 3 and tabulated in Table 2. 

 

 

 

 

 

 

 

(a) (b) 

 

Figure 1. (a) Hardware prototype design and (b) Mechanical Design of Smart Greenhouse Prototype 
 

 

 

  

(a) (b) 

 

Figure 2. (a) Land Design and (b) Electronic design of smart greenhouse prototype 

 
 

Table 2. Smart Greenhouse test for Temperature and Humidity without Watering 
Time RH of Soil (%) Temperature (C) RH (%) 

07.00 61 21 50.3 

08.00 52 28 51.2 

09.00 47 32 48.9 

10.00 42 32 50.2 

11.00 39 33 43.6 

12.00 35 35 43.9 

13.00 36 34 44.5 

14.00 33 33 44.5 

15.00 36 31 46.5 

16.00 38 29 47.5 

17.00 43 28 48.5 
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Figure 3. Temperature and Humidity without Watering 
 

 

The other condition was smart greenhouse with controlled watering. The watering condition was 

performed in the morning at 07.00 WIB. At that time the temperature value was still quite good at 26 oC with 

62% humidity due to controlled watering. However, the temperature inside the greenhouse increased at 11:00 

WIB and humidity decreased of 31 oC and 43% humidity until 16.00 WIB. The temperature inside the Smart 

Greenhouse increased and humidity decreased of 32 oC and 41% of humidity at 12.00 WIB. This happened 

because the sun and wind conditions were rather strong. At this time, the humidity sensor gave a signal to the 

internet of things module therefore the watering occured and the measurement at 01.00 WIB showed a 

temperature of 28oC and humidity of 59%. The temperature and humidity sensors were able to control the 

ups and downs of the temperature and humidity values. The results of temperature and humidity graphs in 

this test can be seen in Figure 4 and Table 3. 
 

 

 
 

Figure 4. Temperature and humidity sensors data 

with morning and evening watering 

 

Table 3. Smart Greenhouse test for Temperature and 

Humidity with Controlled Watering 

Time 
Soil Moisture 

Sensor 
DHT 11 Sensor 

 RH (%) Temperature (oC) RH (%) 

07.00 62 26 43.6 

08.00 53 27 43.9 

09.00 49 29 44.5 

10.00 46 31 44.5 

11.00 43 31 46.5 

12.00 41 32 47.5 

13.00 59 28 48.5 

14.00 55 28 50 

15.00 50 30 50 

16.00 46 31 49 

17.00 61 27 50 
 

 

 

The results of the tomato plant height study were carried out for one week in the Electrical 

Engineering laboratory. This measurement was performed to determine the height of tomato plants. The 

maximum highest size of tomato plants for a week controlled was 7 cm in raised beds A and B. These results 

have a slightly different with the raised beds C due to the position of the plant that induced the growing state 

of the plants. This result was accordance with the others [24-25]. Hence, the position of sunlight affected to 

the growing state of the tomato’s plants. The height measurement results were used as a benchmark for the 

efficiency of greenhouses in the growth and development of plants so as to produce quality plants. The 

following graph shows the height of the greenhouse component in Figure 5 and tabulated in Table 4. The 

results showed that a smart greenhouse can induces the growth of tomatoes plant and suitable for cultivating 
the plants.  
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Figure 5. Tomato Plant Growth for every single day 

 

 

Table 4. Results of Tomato Plant Growth 

Day 

Height (cm) 

Raised bed 

A 

Raised bed 

B 

Raised bed 

C 

Monday 1 1 1 

Tuesday 2 3 3 

Wednesday 3 3 3 

Thursday 4 4 3 

Friday 5 5 4 

Saturday 6 6 5 

Sunday 7 7 6 
 

 

 

3.2.   Integration and system testing 

(1) Transparent solar cell test. Transparent solar cell test was performed to see it as a source of electricity 
by charging the battery. There are several factors that influenced the charging battery to run a water 

pump and internet of things module on a smart greenhouse. 

(a) Water pump: The water pump test was carried out by providing a voltage input. Then the output 

forced the motor to water the plants. Internet of things module : This test was performed by giving 

a voltage to the sensor of 3.3 V to 5 V DC. The internet of things module will receive input from 

the sensor to control the water pump according to the condition of the Soil Moisture sensor and the 

DHT11 sensor. 

(b) Solar cell: The specification of solar cell was 15 wp which means it has 15 watts peak (when the 

sun is blazing). Peak in 1 day is assumed to be 2 hours so that 15x2=30 watts/day. This is the 

maximum capacity of power that can be generated for 1 day. The power generated minus power 

used by Smart Greenhouse is 15-91, so there is still a difference of 76 watts/day that can be used, 

so that a Solar Cell with a capacity of 15 wp is considered safe to use. 
(c) Charger controller: The battery used was 12 V, therefore, this charger control will keep the charger 

voltage 12 x 10%, the required charger voltage between 13.2-13.4 Volts and when it reaches that 

voltage, this circuit will automatically stop the battery charging process. Conversely, if the battery 

voltage drops to 11 Volts, the controller will disconnect so that the battery does not run out. If the 

battery is 12 V, 9A and the charger controller is 12V, 10A, the calculation is 9A/10A=0.9 (1 

Hour), then charging time of battery is about an hour. 

(d) Battery: The power requirements are multiplied 2 times:91x2=182 watt hour =182/12 volts/9 amps 

=2 batteries of 9 Ah. Battery can serve the needs of 3 days without sunlight: 91x3x2=546 Watt 

hour=546/12 Volt/9 Amp=5 batteries of 9 Ah. The specification battery was a 65 Ah battery so 

that it can be used if 7 days without sunlight. With the use of batteries that have stored power: 12V 

x 9A=108 Watts, 108 Watts of load used 108 W/108 W=1 Hour. The ability of a battery that can 
operate for more than an hour. 

(2) Soil moisture sensor testing. Soil moisture sensor testing was performed by applying a voltage to 5 V 

sensor. Then the sensor will work by processing analog data and converting it to digital values. The 

ADC value can be changed in the form of a percentage of soil moisture. According to the sensor 

readings which have a relationship between voltage (V) and resistance (Ω) which is inversely 

proportional. The results of soil moisture sensor can be seen in Figure 6(a). DHT11 sensor testing was 

performed by giving a voltage of 5V DC. Then the sensor will work by processing digital data, the 

sensor will read the received value and display it to the blynk application namely Temperature and 

Humidity. The results of DHT11 sensor testing can be seen in Figure 6(b). The blynk application 

displayed the values of the connected sensors, the DHT11 sensor as room temperature and greenhouse 

room humidity monitoring, soil moisture sensors for monitoring soil moisture and maintaining the 

quality of tomato plants. Testing of Blynk on Android can be seen in Figure 6(c). 
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(a) (b) (c) 

 

Figure 6. (a) Soil Moisture Sensor Testing, (b) DHT11 Sensor Testing, and (c) Test result of Blynk 

Application 

 

 

3.3.   Feasibility of Learning media 

The operation and maintenance phase was carried out by applying greenhouse media to farmers for 

one week. Then farmer was given questionnaire to determine the user's response in assessing the feasibility 

of the media. 

a) Feasibility assessment by media expert 

The assessment of the developed greenhouse media was assessed by three media experts, namely 
two from the electrical engineering education lecturers and one from the Faculty of Agriculture lecturer. 

Experts assessed all aspects of media design, technical and benefits. The following assessment scores by 

media experts can be seen in Table 5.  

 

 

Table 5. Feasibility Score of Media Expert 
No Aspect Mean score Category 

1 Media design 4.4 Very good/very feasible 

2 Technical 4.25 Very good/very feasible 

3 Benefit 4.4 Very good/very feasible 

Total 4.35 Very good/very feasible 

 

 

According to the results of the assessment of three lecturers, the media design had mean score of 4.4 

with a very good/very feasible category, on the technical aspect had mean score of 4.25 with a very 

good/very feasible category, and finally in the aspect of the media benefits had mean score of 4.4 with very 

good/very feasible. Evaluation of all aspects obtained a mean total score of 4.35 with the category of very 

good/very feasible.  

b) Feasibility assessment by material expert 

The assessment of the developed greenhouse media was assessed by three media experts, namely 

two from the Electrical Engineering lecturers and one from the Faculty of Agriculture lecturer. Experts 

assessed all aspects, namely material and benefits. The following assessment scores by media experts can be 

seen in Table 6.  

c) Feasibility assessment by user 

The test was carried out on farmer's land with the number of respondents of 10 people. In this test 

there were four aspects of assessment namely media design, technical, material and benefits. The feasibility 

assessment by the user can be seen in Table 7. 

 

 

Table 6. Feasibility Assessment of Material Expert 
No Aspect Mean score Category 

1 Material 4.4 Very good/very feasible 

2 Benefit 4.4 Very good/very feasible 

Total 4.4 Very good/very feasible 
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Based on the results of the assessment of three lecturers as material experts, the material aspects had 

a mean of 4.4 with very good/very feasible category, on the aspect of benefits had a mean of 4.4 with very 

good/very feasible category. The overall evaluation of aspects had a total score of 4.4 with very good/very 

feasible.  

 
 

Table 7. Feasibility assessment by user 
No Aspect Mean Score Category 

1 Media design 3.95 Good/feasible 

2 Technical 4.1 Good/feasible 

3 Material 4.15 Good/feasible 

4 Benefit 4.05 Good/feasible 

Total 4.06 Good/feasible 

 

 

According to the the assessment of users on media, design aspects had a mean of 3.95 with 

Good/Feasible category, on the technical aspects had a mean of 4.1 with Good/Feasible category, on material 

aspects had a mean score of 4.15 with Good/Feasible category and on benefit aspect had a mean score of 4.05 

with the Good/Feasible category. The overall evaluation of aspects had a total score of 4.06 with the 

Good/Feasible category. The findings of this research provide insight for feasibility of smart greenhouse for 

farmers to cultivating tomato plant.  
 

 

4. CONCLUSION 

The research objectives to be achieved in this research are developing smart greenhouse as tomato 

plant cultivation utilizing transparent solar cells as a source of electricity and validate the feasibility of smart 

greenhouse prototype for farmers. The results showed that a smart greenhouse can perform the growth of 

tomatoes plant and suitable for cultivating the plants. In order to test the feasibility, the prototype was 

validated with material expert validators, media expert, and farmers. The level of feasibility in the 

greenhouse media by media experts in terms of aspects of media design, technical and benefits had a mean 

score of X=4.35 with the category Very Good/Very Feasible. In the assessment of the manual book by 

material experts in terms of material aspects and benefits had a value of X=4.4 with the category Very 
Good/Very Feasible and user assessment in terms of media design, technical, material and benefits had a 

value of X=4.06 with Good/Feasible category. We believe that our results maybe helpful to further practical 

development and experiments on the smart greenhouse.  
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