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DEVELOPMENT OF THE TEMPERATURE AND HUMIDITY INTELLIGENT
CONTROL SYSTEM FOR FIG ORCHARD BASED ON RFID TECHNOLOGY

Abstract. For increasing the fig production and quality, and saving the labor cost, a kind of
management fig garden intelligent system is designed combining the research on the fig tree
cultivation situation and growth period. In this system the RFID tags which are equipped with sensors
are installed on side of fig trees and will sense and save the temperature and humidity in Real Time
mode. Data will be sent to a small Server trough the LAN from the Readers of RFIDS which are
installed in different parts of the orchard. The Server will save the data and analyze them based on
its software. If the humidity or temperature is not in a good condition, a tractor equipped with
watering and poison tank, air conditioner and humidifier will be activated and sent to the tree. The
intelligent gardening software system include tree guarding software(TGS) and path finding
software(PFS). The TGS is installed on the Server, and investigates all data of each tree. If any tree
needs watering or temperature change, it will indicate the amount and the type of the requirement.
The server will send the information to the interfacing circuit and the tractor will receive the
information, head to the tree and take the necessary steps. The PFS is also installed on the Server
and receives the identification code of the nearest tag via the Reader which is connected to Server
for recognize tractor coordinates. Then modified route base on inter database and identification
code, finally move to the goal tree.
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Problem Statement

The fig belong to the Moraceae Ficus L. variety
which native to Southern Mediterranean coast, it is a type
of health fruit, it contain 18 amino acid, plenty of pectin
and cellulose, the fresh fruit has heat 3094.7 KJ, Sugar
162.6g, Protein 14.1g, Fat 4.0g, Calcium 0.54g,
Phosphorus 0.32g, VC 15mg, Iron 6mg, Niacin 5.5mg
and VB 1mg per kilogram [1 — 3]. Recently in China the
major cultivation provinces is Xinjiang, Jiangsu,
Shandong, Hunan, Zhejiang, Yunnan andFujian et al. In
2009, China’s fig production is in the top 20 in the world,
in 2012, the planting area is arrival 2500hm?, in 2014, the
planting area is 5000hm? [4; 5].

The fig tree has strong adaptability to the
environment, it can resistant drought and barren, it can
grow in sandy and sandy loam soil, the most suitable soil
is the neutral sandy loam soil that is the deep soil, water
and fertilizer conservation. Relevant studies shown that
during the fig growing process, the temperature and
humidity has great influence on the fruit quality. It is
necessary to supply the suitable temperature and
humidity for fig tree’s healthy and high yield. Above all,
the temperature and humidity setting of the tree guarding
software (TGS) should be depended on the growing
season periodicity [6; 7].

Radio Frequency Identification (RFID) technology
is a kind of technology that through radio-frequency

signal to realization of contactless recognition and obtain
the needing data, it can apply during complex
environment including agricultural environment
detection, it has some merit such as low energy
consumption, convenient control, easy arrangement and
installation, communication flexible, it is very
enthusiastic about the future [8; 9]. The paper research’s
foundation is based on the radio frequency intelligence
identification, designing a kind of a fig orchard
temperature and humidity intelligence conditioner
system, this system has some function that saving-water,
auto-spraying, temperature and humidity conditioner, it
can improve the fruit yield and quality, especially in
improving water utilization.

Basic material

System Design

This system’s implement is: the tags which are
installed on the fig trees with temperature and humidity
sensors, the temperature and humidity data will be
received and saved under the real-time mode, then the
RFID readers which are decentralized installed around
the orchard send the temperature and humidity data
through the network to the small server, the server
analyze the data through related strategies. If the
temperature or humidity is not in a good condition, the
field management machine equipped with watering and
poison tank, air conditioner and humidifier will be
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activated and sen to the tree. The field management
machine that is controlled by the server, will receive the
tree’s location and by the guidance of the tags in the area
will find its route toward the tree. The tractor will arrive
to the tree and then optimize the condition by watering or
air-conditioning or humidifying. The field management
machine will stay there until the next mission.

Hardware Facilities

The hardware facilities of the intelligent
temperature and humidity control system including:
navigation circuit, server, RFID sensor-tag, RFID reader
and WLAN.

Navigation Circuit

This circuit will be installed in field management
machine, and its electricity will be provided by the laptop
through a USB cable and will be controlled through a
RS232 port by the server (laptop), they are both use the
same port which is the RS232-C port. Then the orders
will be transmitted to relay controllers of field
management machine in order to guide the field
management machine forward, backward, toward left or
right like a robot. Then orders can turn on or off the
watering pomp, spray, air conditioners of the field
management machine.

Server

Server in field management machine cabin which
receives all the data transmitted by RFID Readers
through the WLAN and records them on its hard disk. It
needs to have a fast processor to analyze the received data
in a short time. After analyzing the data of tree’s
condition by the tree guarding software, will send the
proper orders to the field management machine. The
laptop also has a RFID tag Reader and whenever the
tractor crosses a tree this Reader will read the tree’s
identification tag and sen the data through the RS232 port
to the laptop. The Server uses the navigation system and
its data base to identify the field management machine
location to amend and control the field management
machine’s route. In addition, the data recorded on the
hard disk will be stored permanently for future usage in
order to data analysis and more precise decision for
increasing the orchards efficiency.

{_ Wi-Fi Card

[1] Ethernet Port PC
[] RS232Port

RFID Reader

Figure 1 — The diagram of the Server

It is possible to make a connection between the
orchard manage, who is in another geographical location,
and the Server through the WLAN or MAN. In this way
the manager could access to the Server and add the
necessary data to the system based on the orchards
requirement. For example, the necessary information and
the 6-digit code of the trees that needing the spray will be
sent to the Server by the manager, so then the Server will
order the field management machine to operate.

RFID Sensor-Tag

The paper use RFID technology which can receive
the orchard’s physical information through a large
number electronic tags. The electronic tag not only cheap,
simple structure, high reliability and can connect various
sensors. The electronic tags combine with temperature
and humidity sensor, so the electronic tags have the
ability to receive temperature and humidity data [10; 11].
The RFID sensor tag which integrated temperature and
humidity sensor install on the tree or near the tree, can
save and transmit data information. The sensor put the
environment condition data save in the tag and through
RFID wave send to the nearest reader, and then the reader
send the data to the field management machine.

=

RFID Hybrid Tag

Battery

Air-Sensor

Soil-Sensor

Figure 2 — The diagram of the Sensor-Tag

RFID Reader

RFID reader has the chemical or solar batteries, is
one of the infrastructures of the RFID technology,
including radio frequency module, reading module and
aerial, through standard protocol use non-contact mode
to recognise RFID sensor tag’s data. The RFID reader is
installed in different position of the orchard, and
transmitting signal, if the identifiable tag inside the signal
range, the temperature and humidity information which
is saved in the tag can be read, and then send the field
management machine’s server through WiFi. After
installing reader, the aerial send the signal can cover and
receive several tags data. In the process installing reader
and tag make sure every tag can be covered by the reader,
and every reader should be covered by the WiFi[12,13].

WLAN

The WLAN is covered the whole orchard. If the
orchard has large area, for make sure each reader can
connect the server more WLAN are needed.

Software System

The intelligent horticultural system is contained two
parts: Tree Guarding Software(TGS) and field
management machine Path Finding Software(PES)
system.

171



Ynpaeninusa pozsumrxom cknaonux cucmem (36 — 2018) ISSN 2219-5300
Tree Guarding Software (TGS) Implementing
The Tree Guarding Software is installed in the
Intelligent horticultural system equipment

server, use to analysis and handle the tree’s data from
each tag. If one tree need watering or the temperature out
of proper range, the system will implement method and
work parameter. Server sends the message to the port
circuit, the field management machine receive the order
and then drive to the goal tree and take the necessary
action, the flow chart as shown in Fig. 3 [14].

Start

Get
circumatance

Reglstration Information
in memory

Data out
of range

Move commond to
tractor

Figure 3 — Tree Guarding Software flow chart

Path Finding Software(PFS) System

The field management machine Path Finding
Software system is also installed in the server, and
receives the identification code of the nearest tag via the
Reader which is connected to Server for recognize field
management machine coordinates. Then PFS based on its
internal database and identification code of target that has
been given by TGS, indicates field management
machine’s route and amends it if necessary. Then it
orders to the interfacing circuit for control the field
management machine toward the tree [15; 16].

Read the nearest
tree ID number

Ts the near
tree. the goal
tree direction?.

Is near tree, No
the goal tree?

Yes

Continue to move
in the direction

< ‘

Figure 4 — The diagram of the Path Finding Software

Start work

Modified track

Selection and Arrangement

Tag Selection and Arrangement

Considering the tree spacing and the system budget
allocation, for each 9 trees in the orchard one tag is
installed, shown as Fig. 5.

Figure 5 — The schematic diagram of the tag arrangement

There are 60 tags in the orchard, the environment
data will be measured in every 5 minutes. These tags are
equipped with SHT75 temperature and humidity sensor
which is reliable accuracy and can quickly detect the
temperature and humidity vary, connect data with the
tags through I/O port, working temperature range: -45°C
to -85°C, working humidity range: 0% to 100%.

Reader Selection and Arrangement

For assuring the reader signal can cover all tags,
installing 2 readers in the middle of the orchard, installing
1 reader on the field management machine, make sure
each reader can receive 30 tags data. The Thingmagic M6
ultrahigh frequency RFID reader is selected, it has WiFi
function, and can transmit data to server through WiFi.

Temperature  Conditioner and  Humidifier
Selection

The field management machine which equipped
with server, air conditioner, humidifier and water tank.
The server is a laptop, the flow of the air conditioner is
Im3h, the humidifier can supply 80% atmosphere
humidity for 30m? space, the water tank store water for
three hours of usage, and able to be connected to water
tap.

Control System Composition

The port circuit connect with 3 relays. One of the
relay trigger is installed on the server of the field
management machine which handling the data depend on
the private path finding software. The other two relay
trigger control air conditioner and humidifier, it working
depend on the tree guarding software. Moreover, the port
circuit connect with the server, and the server is installed
the fig tree guarding software and field management
machine path finding software.
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Intelligent horticultural
Setting

The intelligent horticultural system including two
software and field management machine which contain
server, air conditioner, humidifier and water tank, the

prototype system show as Fig. 6.

)

system Parameter

Figure 6 — Intelligent horticultural system machine

These two software are both developed basing on
the C language. The PFS system can receive nearest tag’s
ID code which sending from the RFID reader, and it can
supply the goal ID code through that the field
management machine can ascertain the movement route.
The TGS system analysis the every tree data from each
tag, if one tree’s temperature or humidity out of the
suitable range, the system will cue the need to implement
the type of measure and working parameter, the
temperature and humidity setting of the tree guarding
software should be depended on the growing season
periodicity. The fig tree will fall in dormant time in
winter, the temperature just need between 3°C to 5°C;
after germination period in spring, the temperature need
between 15°C to 25°C, the air relative humidity need
above 80%; during the growing time in summer, the
temperature should maintain between 25°C to 30°C, the
temperature relative humidity should control between 60%
to 70%, till fruit ripening and last to late autumn, and then
gradually fall into dormant time. Therefore, it is
necessary to develop a kind of fig orchard temperature
and humidity intelligent conditioner system, to save the
labor cost, improve the production efficiency, reducing
loss course by nature condition vary and improve the fruit
quality [17; 18].

Operation Testing

For deeply research the system practicability, the
orchard in Yancheng city Jiangsu province China is
selected to implement the project, the plant fig variety is
Blan Rick, the orchard area is 2 mu, row spacing is
3mx2m. The testing team about 540 trees in 1.1mu, the

comparing team is the tree of 50m outside, the
monitoring and collecting temperature and humidity
began at 00:00 16 June 2007, monitoring time is 24 hours
each day.

The Intelligent Horticultural System Affecting on
the Fig Orchard Atmosphere Temperature

As shown in Fig.7, the intelligent horticultural
system significant reduce the temperature value the
temperature peak in a day, the testing temperature value
maintain below 30°C, the total temperature vary is calm,
the highest temperature is lower 8.7°C than the
comparing temperature, it can make sure fig growing in

the suitable temperature.
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Figure 7 — Intelligent horticultural system machine
effect on the surrounding temperature

The Intelligent Horticultural System Affecting on
the Fig Orchard Atmosphere Humidity

As shown in Fig. 8, the intelligent horticultural
system obviously improve the humidity value of the
whole day air humidity bottom period, the testing team
humidity value main maintain over 60%, and the total air
humidity vary tendency relatively stable, the lowest air
humidity 29% more than the comparing team, it can let
the fig growing in the suitable air humidity.
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Figure 8 — Intelligent horticultural system machine
effect on the surrounding humidity
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Conclusion rapid regulate the orchard temperature and humidity
which save the labor cost, improve the production
efficiency, reducing loss course by nature condition vary,
this technology can popularize to the other plant’s
productive process.

The temperature and humidity intelligent
conditioner system which available for fig orchard can
analysis real-time accurate data from sensor and then
manage the orchard’s temperature and humidity, it can

References

1. Genru, He, Shihua, Zhang, Li, Zhu, et al. (2017). The Commercialization of the Fig and Its Fresh-keeping and Processing
and Utilization [J]. Farm Products Processing, (14), 53-56.

2. Xuedan, Zhang, Miao, An, Qian, Zhang, et al. (2013). Research Advances in Postharvest Physiology and Preservation
of Fig Fruits [J]. Food Science, 34(23), 363-369.

3. Youyou, Pan, Pei, Hua, Yunxiang, Wang, et al. (2016). Recent Advances in Ficus carica L. Polysaccharides: Extraction,
Isolation and Purification and Bioactivities [J]. Food Science, 37(17), 289-295.

4. Zhifen, Ling, Kai, Ma, Hongmei, Du, et al. (1998). Source and Outbreak Character of Fig Shoot [J]. Jiangsu Journal of
Agricultural Sciences, (4), 44-48.

5. Rui, Sun, Ming, Jia, Lei, Sun. (2015). World Figs Resources Development and Applied Research [J]. World Forestry
Research, 28(03), 31-36.

6. Zhiming, Zheng, Xuerong, Zhao. (2004). The Figs Introduction and High Yield Planting Technology [J]. Practical
Forestry Technology, (3), 23-24.

7. Peng, Huang, Xiaoming, Ling. (2005). The Figs Excellent Varety and Efficient Planting Technology [J]. Practical
Forestry Technology, (7), 33-35.

8. Jianping, Qian, Beilei, Fan, Xiang, Zhang, et al. (2017). Temperature Monitoring in Cold Chain Chamber Based on
Temperature Sensing RFID Labels[J]. Transactions of the Chinese Society of Agricultural Engineering, 33(21), 282-288.

9. Qinglin, Huang, Lixin, Zhang, Yucong, Jiao, et al. (2016). The Cotton Seed Quality Safety Origin System Based on RFID
Technology [J]. Jiangsu Journal of Agricultural Sciences, 5, 395-400.

10. Lei, Wang, Fangming, Deng, Xiang, Wu, et al. (2017). Design of an Integrated Temperature Sensor for RFID Application
Tag [J]. Transducer and Microsystem Technologies, 36(6), 102-104.

11. Yucong, Jiao, Lixin, Zhang, Qinglin, Huang, et al. (2017). The Meat Product Quality Safety Original System Based on
RFID and QR Code [J]. Jiangsu Agricultural Sciences, 5, 215-218.

12. Qiong, Xiong. (2017). Autonomous Positioning and Navigation Design of Fruit and Vegetable Picking Robot-Based on
Information Fusion of RFID and WSN [J]. Journal of Agricultural Mechanization Research, 39(10), 223-227.

13. Li, Li, Haihua, Wang, Hongbo, Yuan, et al. (2013). Development of Yield Monitoring System in Solar Greenhouse. [J].
Transactions of the Chinese Society for Agricultural Machinery, 449(z2), 205-208.

14. Yineng, Chen, Kui, Fang, Xinghui, Zhu, et al. (2016). The Research the Manner of the Improving Original Precision
Based on RFID[J]. Jiangsu Journal of Agricultural Sciences, 6, 426-429.

15. Xin, Li, Lingyan, Li, Nan, Li, et al. (2017). Autonomous Positioning and Navigation Design of Picking Robot Based on
RFID and WSN[J]. Journal of Agricultural Mechanization Research, 39(9), 215-218,268.

16. Shenghui, Li, Chunhua, Xia, Changying, Ji, et al. (2017). Simutaneous Localization and Mapping for Autonomously-
navigating Agricultural Vehicle Based on Panoramic Vision[J]. Jiangsu Journal of Agricultural Sciences, 3, 598-609.

17. Bo, Wang, Guanghui, Di, Zhonggiang, Pan, et al. (2016). The figs Biological Habit and Planting Technology [J].
Deciduous Fruits, 48(03), 47-49.

18. Shijun, Chen, Guihong, Yu, Hongjiang, Chen. (2013). Facilities Figs Planting Technology [J]. Deciduous Fruits, 45(05),
49.

Cmamms naditiwna oo peoxoneeii 03.10.2018

PenenzenT: n-p TexH. Hayk, npod. B.Jl. ToryHcokuii, 3aBigyBad xadenpu ynpaBiiHHS CHCTEMaMH OC3MEKH JKHTTEMIsIIbHOCTI
OpiecbKOro HaIiOHAIBFHOTO MOJIITEXHIYHOTO yHiBepcuteTy, Oneca.
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Anvuenckuii nonimexuiynuti koneoorc, Anuy Anvuen 224000

PO3POBKA CUCTEMMU IHTEJEKTYAJIBHOI'O YIIPABJIIHHSA TEMIIEPATYPOIO I BOJIOTICTIO
JJIA ®ITOBUX CAJIB HA OCHOBI TEXHOJIOI'Ti RFID

Anomauia. /[na 30inouients 6upooHUYmMSa i AKOCMI IHHCUPY, A MAKOAC 3A0WA0HCEHHA 8apmocmi poboyoi cunu, po3poodieHo
PI3HOBUO YNPAGIIHHS IHMEIEKMYANbHOI CUCMEMOI0 (icypHO20 cady, AKUll NOEOHYE OOCTIONCEHHS 3 CUMYAyieio 00poOKU (Pic06020
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depesa ma nepiody pocmy. ¥ yiii cucmemi meeu RFID, siki obnaonani damuuxamu, écmanogieni na Oik gicogux oepeg i 6yoymo
siouyeamu i 36epicamu memnepamypy ma 60102iChb 8 pedcumi peanbHo2o uacy. Jlani Hadcunamumymscs na HegenuKull cepeep
yepe3 10KANbHY Mepedxcy 6i0 uumauie RFIDS, axi ecmanosneni 6 pisnux wacmunax caoy. Cepgep 36epizac 0ani ma ananisye ix na
0CHOGI npozpamnoco 3abesnevenns. Axwo onozicmes abo memnepamypa me nepedygaioms y XOpoutomy Cmawi, akmugyemocs
mpaxkmop, 001A0HAHUT NOTUGHUMY | OMPYIHUMU MAHKAMU, KOHOUYIOHEPaMU ma 360110JCY8AHAMU, | CHPAMOBYEMbCS HA 0EPeBo.
Inmenexmyanvua cucmema npozpamnozo 3abesneuenns O cadiGHUYMEA KNIOYAE @ ceDe npozpamHue 3a6e3nedueHHs 0XOpoHU
odepesa (TGS) ma npozpamne 3abesneuenns ona nowyky waaxie (PFS). TGS ecmanosnioemvca na cepgepi ma 00cnioxcye 6ci 0awi
KOJICHO20 Oepesa. Axuyo 6yOv-sike depeso nompebye noaugy abo smiHu memnepamypu, ye 6yoe noKazyeamu KilbKicms ma 3micm
sumoeu. Cepgep nadcunae ingopmayiro 00 cxemu inmepgeiicy i mpakmop ompumae ingopmayiio, gionpasumuvcs 00 oepesa i
soicugamume Heobxionux 3axooie. PFS makooic ecmanosnoemuvcs na Cepgepi ma ompumye ioenmughixayivihuii K00 Haubauscu020
meey uepes Reader, saxuil niokmouenuii 0o Cepgepa 0as posniznaganus koopounam mpa@ixy. Ilomim moougikosana 6aza
mapuipymie Ha 6azi Oanux ma i0enmugikayiunuil Koo, Hapewimi, CnpsmMogye 00 nompibHo2o oepesa.

Knwuoei cnosa RFID; memnepamypa i éonozicms; /lamuuk; ghicypruii cad; inmenekmyanvHa cucmema ynpagiinusa
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