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Abstract 

Greenhouses are one of the interesting and important 
parts of agriculture. Industrial greenhouses are used 
for growing of large amount of vegetables, fruits and 
flowers. Individual greenhouses usually have small siz-
es and are used as hobby of people for growing dif-
ferent, sometimes exotic plants. For correct growing of 
plants is necessary to ensure special conditions as soil 
moisture, room lightening, soil, air temperature, and 
so on. In the case of industry greenhouses, the mon-
itoring process usually is provided by a control system 
and operator, who regulates necessary conditions. In 
the case of individual greenhouse usually is difficult 
to obtain required growing conditions due to impos-
sibility for individual person to be always next to the 
greenhouse. For solving of this problem can be used 
network system and special equipment, placed into 
the greenhouse. 

Proposed greenhouse represents a modular system, 
which consists of separate planters that are essential-
ly links of one whole chain. Planter is equipped by all 
necessary components for ensuring required grow-
ing conditions. Main of them are heating, watering, 
and lightening systems. On the bottom of planter a 
heating cable is installed so that it does not disturb 
the water drainage. Excessive moisture simply flows 
out from the planter along inclined floor. Soil water-
ing is done by nozzles placed on the front and back 
walls of the planter. Both ends of watering tubes can 
be joined to general watering system by threaded 
components. Plants lightening is made by lamp plac-
es in the planter top. Required light intensity can be 
ensured by different lamp types. Planter local electri-
cal and watering systems can be simplicity joined to 
local systems of other planters and to greenhouse sys-
tem as a whole. Separate planters usually are used for  
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growing of defined types of plants. Generally, all nec-
essary parameters can be controlled by monitoring 
system but some of them will be obtained by planter 
controller and some by greenhouse controller. Air tem-
perature and moisture covers larger space than area 
of one separate planter and should be monitored by 
greenhouse measuring system. Soil electro-conductiv-
ity and acidity do not change abruptly and intensely 
and can be measured twice in the season by portative 
devices. Main parameters, light intensity, soil moisture 
and temperature are measured by sensors installed 
into planter. Measuring frequency can be some sec-
onds and even milliseconds but for plants growing 
process it is not necessary to measure these param-
eters more often than once an hour or once a half of 
hour. 

Main component of communication system is a glob-
al cloud server where a constantly updated database 
is held, which contains parameters of growing con-
ditions and recommendations. Greenhouses and 
planters have IP addresses and can be separated in 
the global system. Planter controller periodically mea-
sures plant lightening, soil moisture and temperature 
by installed sensors. Greenhouse controller reads this 
information from all planters into the greenhouse and 
also measures air temperature and moisture by sen-
sors. Server periodically reads this information from 
all greenhouses in the cluster, compares with required 
values and if it will be some deviations from norm 
sends a command to the greenhouse controller. The 
user (greenhouse owner) is able to receive the current 
state of all necessary parameters from the server by 
smartphone. In addition, he is able to change default 
values of growing conditions for its own greenhouse 
or separate planters.
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Main result of this research is creation of a global mon-
itoring system. Database is created on base of fifteen 
types of plants and can be flexible expanded. System 
proposes to customer information about validated 
planter and conditions for its good growing. For online 
monitoring server periodically communicates with 
greenhouse microcontroller. Costumer can get infor-
mation by SMS or 4G connections.

Key words: Vegetables, Fruits, Plants, Greenhouse, 
 Monitoring.

1. Introduction

Monitoring systems and network solutions are cur-
rently widely used in agriculture for different functions. 
Sergeev et al., [1] considers monitoring of food security 
and safety. Stevanovski et al., [2, 3] uses these opportu-
nities for agribusiness development. Automatic control 
and network applications are used for improvement of 
fruit and vegetables quality (Meyer [4], Brosnan et al., 
[5], Blasco at al., [6], Dara et al., [7]). Usually these meth-
ods are applied for industrial solutions (GGS Structures 
[8], and other) but it is useful to use them for individual 
gardens and greenhouses (Heikkinen [9], and other). 

Greenhouses are one of the interesting and important 
parts of agriculture. Industrial greenhouses are used 
for growing of large amount of vegetables, fruits and 
flowers. Individual greenhouses usually have small siz-
es and are used as hobby of people for growing differ-
ent, sometimes exotic (Özbek [10]) plants. 

For correct growing of plants is necessary to ensure 
special conditions (Karadeniz [11, 12]) as soil moisture, 
room lightening, soil, and air temperature (Schwarz et 
al., [13]) and so on. In the case of industry greenhous-
es, the monitoring process usually is provided by a 
control system and operator, who regulates necessary 

 conditions. In the case of individual greenhouse usu-
ally is difficult to obtain required growing conditions 
due to impossibility for individual person to be always 
next to the greenhouse. For solving of this problem 
can be used network system and special equipment, 
placed into the greenhouse.

One effective solution for greenhouse building can 
be implemented by using separate boxes (planters) 
for plants growing. Since different plants need differ-
ent growing conditions it is simple enough to ensure 
this by placing of plants into separate planters. Some 
plants cannot grow next to each other and this prob-
lem can also be solved. However, the most important 
problem is monitoring and ensuring necessary grow-
ing conditions that can be simply solved with using of 
special equipment. 

This research considers design of network structure 
and communicating procedure between global serv-
er, individual greenhouses and separate planters for 
plants growing. It is shown common design of the 
planter taken into account ensuring necessary condi-
tions for plant growing. As base parameters are con-
sidered air and soil temperature, lightening and soil 
moisture but the system can be extended with adding 
some other parameters. 

2. Materials and Methods 

2.1 Planter 

Greenhouse represents a modular system (Figure 1), 
which consists of separate planters (Figure 2) that are 
essentially links of one whole chain. Planter is equipped 
by all necessary components (Tanjuhhin [14]), for en-
suring required growing conditions. Main of them are: 
heating, watering, and lightening systems the analysis 
of that is presented in the Table 1. 

Figure 1. Scheme of the base idea of smart greenhouse: 
1 - central controller; 2 - planter, 3 - data flow from/to the planter, 4 - wires, Wi-Fi, 5 - hoses, electricity
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On the bottom of planter (Figure 2) a heating cable is 
installed so that it does not disturb the water drain-
age. Excessive moisture simply flows out from the 
planter along inclined floor. Soil watering is done 
by nozzles placed on the front and back walls of the 
planter. Both ends of watering tubes can be joined to 

 general  watering system by threaded components. 
Plants lightening is made by lamp places in the plant-
er top. Required light intensity can be ensured by dif-
ferent lamp types. Planter rigidity is simulated (Tan-
juhhin [14]), and analysed by mathematical methods 
(Gornostajev et al., [15]). 

Table 1. Conventional systems used in greenhouses

System type Solution Description Advantages Main limitations

Heating system

In-floor heating
Installation of heating 
pipes directly inside 
concrete floor

Providing uniform 
heating to the entire 
crop
Maximizes growing 
area

Fived structure without 
the ability to access the 
piping
Need for separate 
heating/pumping 
system for water 
circulation

Overhead heating
Installation of heating 
elements above the 
plants

Protection from cold 
night temperatures
Snowmelt system can 
be integrated

Need for rigid structure 
to fix the equipment
High initial investment

Under bench heating
Installation of heat 
pipes below the raised 
benches

Uniform temperature 
in the root zone
Air temperature in 
greenhouse can be set 
to lower

Necessity to build 
special benches
Separate heating/
pumping system

Regular cable/pipe 
heating

Installation of heating 
cable/pipes under the 
layer of planting soil

Direct transfer of the 
heat from the heating 
element to the soil

Inability to access the 
cable/pipes without 
removing the soil or 
plants

Watering system

Drip irrigation
Watering pipes with 
drippers installed 
directly near the plant

Maximum use of 
available water
Soil erosion is 
eliminated 

Necessity to occupy 
growing space with 
piping
Small watering area 
coverage

Mist/Sprinkler 
irrigation

Watering pipes with 
misters are installed 
above the plants

Suitable for almost all 
soil types
Reduces soil 
compaction, increased 
yield

Necessity to build 
structure to carry the 
piping
High initial investment

Manual watering
Use of regular water 
hose with nozzle

Minimal equipment 
cost

Manual operation with 
no automation at all

Lightening system Grow light grid
Installation of grow 
lights above the plants

No need for overly 
complicated control 
system

No dedicated control 
over the small zones

Figure 2. Planter with special equipment
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Planter local electrical and watering systems can be 
simplicity joined to local systems of other planters and 
to greenhouse system as a whole. 

2.2 Conditions and measuring 

Separate planters usually are used for growing of de-
fined types of plants. It is not limited plants nomencla-
ture and required growing conditions for some types 
of plants are presented in Table 2. The system can be 
expanded with addition of new plants. 

Generally, all parameters shown in the Table 2 should 
be controlled by monitoring system but some of them 
will be obtained by planter controller and some by 
greenhouse controller. Air temperature and moisture 
covers larger space than area of one separate planter 
and should be monitored by greenhouse measuring 
system. Soil electro-conductivity and acidity do not 
change abruptly and intensely and can be measured 
twice in the season by portative devices. Main param-
eters, light intensity, soil moisture and temperature are 
measured by sensors installed into planter. Measuring 
frequency can be some seconds and even milliseconds 
but for plants growing process it is not necessary to 
measure these parameters more often than once an 
hour or once a half of hour. 

2.3 Communication

Base principle for communication and monitoring 
is shown in the Figure 3. Main component of com-
munication system is a global cloud server where a 
constantly updated database is held, which contains 
parameters of growing conditions and recommenda-
tions. Greenhouses and planters have IP addresses and 
can be separated in the global system. 

Table 2. Conditions for plants growing

Plant
Soil 

temperature,
Soil 

moisture, pH
Electro-

conductivity,
Air 

temperature,
Air

moisture,
Light 

intensity,

0C % mS cm-1 0C % x 1000 s

Cucumber 21 - 24 70 - 80 6.0 - 7.5 2.0 - 4.0 22 - 28 80 - 90 30 - 70

Tomato 16 - 26 60 - 70 5.5 - 7.5 2.0 - 5.0 20 - 25 60 - 75 30 - 70

Salad Leaf 18 - 21 50 - 80 6.0 - 7.0 1.5 - 2.5 15 - 26 80 - 90 30 - 70

Watermelon 22 - 30 75 - 85 5.5 - 7.0 1.0 - 2.0 25 - 35 60 - 75 30 - 70

Melon 26 - 30 75 - 85 6.0 - 6.5 2.0 - 2.5 18 - 25 60 - 75 30 - 70

Pumpkin 21 - 30 70 - 80 6.0 - 7.5 2.0 - 4.0 20 - 30 70 - 85 30 - 70

Paprika 23 - 29 60 - 70 5.5 - 7.0 2.0 - 2.5 22 - 28 70 - 90 30 - 70

Physalis 22 - 30 60 - 70 5.0 - 7.5 2.0 - 3.0 20 - 25 60 - 75 30 - 70

Eggplant 21 - 29 60 - 70 5.5 - 7.0 2.5 - 3.5 22 - 26 60 - 70 30 - 70

Maize 21 - 29 60 - 70 6.0 - 7.0 1.5 - 2.5 30 - 34 60 - 70 30 - 80

Basil 21 - 25 60 - 70 5.5 - 6.5 2.0 - 2.5 21 - 25 60 - 80 30 - 80

Tarragon 10 - 27 60 - 80 5.0 - 7.5 2.0 - 2.5 20 - 25 60 - 80 30 - 80

Spearmint 16 - 26 60 - 80 5.5 - 7.5 2.0 - 2.5 20 - 25 60 - 80 30 - 80

Rosemary 15 - 21 60 - 80 5.5 - 7.5 2.0 - 2.5 20 - 25 60 - 80 30 - 80

Figure 3. Principal scheme of the monitoring system
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Planter controller periodically measures plant lighten-
ing, soil moisture and temperature by installed sensors. 
Greenhouse controller reads this information from all 
planters into the greenhouse and also measures air 
temperature and moisture by sensors. Server periodi-
cally reads this information from all greenhouses in the 
cluster, compares with required values and if it will be 
some deviations from norm sends a command to the 
greenhouse controller. The user (greenhouse owner) is 
able to receive the current state of all necessary param-
eters from the server by smartphone. In addition, he 
is able to change default values of growing conditions 
for its own greenhouse or separate planters. 

3. Results and Discussion 

Main result of this work is creation of a global moni-
toring system. Database is made according to growing 
conditions of fifteen types of plants and can be flexible 
expanded. System proposes to customer information 
about validated planter and conditions for its good 
growing. For online monitoring server periodically 
communicates with greenhouse microcontroller. Cus-
tomer can get information by SMS or 4G connections. 

Main problems can take place with measuring accura-
cy in one planter and correct communication into full 
system. 

Soil temperature can be measured by sensors like 
LI-COR 7900-180 [16] but the problem is measuring 
depth. The temperature will be different on different 
soil levels. Soil heating have also some problems. It can 
be used a heating cable or mat but power should be 
selected according to soil type because thermal con-
ductivity of different soil types is different [17]. 

The same problems can take place with soil watering. 
The current conditions can be measured for example 
by help of existing soil moisture sensors but measur-
ing depth and time should be correct chosen. After 
soil watering the upper layer is very wet but moisture 
measuring in this moment will give not correct results. 

Lightening system should registered solar light from 
morning to evening. Really it also is complicated 
enough because needs defining beginning and finish-
ing of measurements time. It means if during daytime 
light intensity will not be enough extra light will be 
turned on in the nighttime. A bit better solution can 
be turning light on in the daytime if the light intensity 
will be less than defined level but in this case control 
system should be able to measure light intensity in 
real time. Excessive lightening problems can also take 
pace. It means if solar light will be too much it will be 
necessary curtains to use. 

Common conditions into greenhouse will be mea-
sured by general sensors. If the temperature exceeds 

the required values, the windows will be opened. The 
same actions will be carried out if the air moisture will 
exceeds the required values. The system should be 
able to compare temperature and moisture into the 
greenhouse and outside of it. 

One very important part of monitoring system is com-
munication between planters and greenhouse and 
between greenhouses and server. Greenhouse micro-
controller periodically reads information from micro-
controllers of all planters and keeps this information. 
Server reads information from all greenhouses and 
compares obtained results with required values. The 
communication intensity should be separately defined 
for different greenhouses and planters. Database con-
tinuously updated by information of existing and new 
plants. 

4. Conclusions

- An intelligent system for greenhouses monitoring is 
proposed. The system is able to separate single plant-
ers into greenhouse and keep necessary growing con-
ditions in planter and into greenhouse as a whole. 

- Current state of all necessary parameters can be de-
livered to the customer via common server. The server 
periodically compares information obtained from sin-
gle greenhouses with required values. 

- It also keeps information about plants growing condi-
tions and continuously updates it.
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