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DNCS——A New Schane for the Autanation of
Greenhouse Environment Control

Teng Guanghui, LiChangying
(College o Hydraulic and Civil Enineering, ChinaA gricultural U niversity, B eijing 100083, China)

Abstract To lve theproblen semerged in the traditional computer control system in greenhouse, the present situation of
the greenhouse environrment control is analyzed and a nev scheme of it ispresented By using distributed network control
technology, the advanced single chip microcomputer (SOM ) technology and humidity sensitive and temperature sensitive
devicew hich possess the ability of high precision and high reliability, an all digitalized* intelligent hum idity-temperature
senor” and* double direction intelligent controller” w as developed The newv developed greenhouse environrment control
was successfully used in several greenhouses in China The future development of this systen which can be used in
livestock housesor other agricultural structures is als discussed
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1 Introduction

Greenhouse in china has been made a rapid progress
over the past wo decades, and the more advanced
technology used in greenhouse environment control
systen will be anticipated A s the development of
computer technology, computer data acquisition and
control system which integrates computer, data
acquisition, process control, network communication
and CRT technology were used in industrial
production widely. For information acquisition,
handling, supervsing and production optimization, the
systan has the properties of easy to expend, friendly
interface, and promising future During the last
decade, computer data acquisition and control system
has been widely used in the sicentific research and
production in agriculture Developing from the single
elanent, single goal, static managanent to multi-
elanents, multi-goals, and multi-levels, isone of the
mportant research direction in agriculture by using
advanced technologies

2 Present Situation Abroad and at Hame

W ith the development of computer technology, the
agricultural application of electronic technology,
intelligent sensor technology, mechanical-electrical
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integration, computer network technology, the
greenhouse system has become the frontier science of
research field to enhance the competitiveness of
agricultural production in the world market,
scientifically utilize the agricultural resurces,
increase the agricultural production, decrease the
production cost and protecting the environment since
1990s A griculture in developed countries has reached
a relatively high level of industrialization and many
ocountries in the world have increased the technical
investment in greenhouse to get more agriculture
production shares in theworld market

M icro-electronic technology and computer network
managenent were widely researched and utilized in
greenhouses (or livestock houses) environment control
and daily operation and managanent in developed
ocountries, egecially in N etherlands, Jgpan, U SA,
Israel and Gemany, where the Imitation of human
control w as overcome

T he greenhouse has been developed rapidly for over
20 years in China and the acreage of greenhouses is the
largest in the world During " the N inth Five-Year
Plan" period, the efficient and energy saving sloar
greenhouse, multi-pan and the successful double
layer inflated plastic multi-gpan greenhouse w hich
suits for northern China have greatly reduced the
energy consumption compared w ith the same products
in foreign countries A Il the researches played an
mportant role in leading our agriculture from
traditional, labor intensive management to modern
integrated effective managenent However, the
greenhouse in China is far from the industrialized
agriculture and there are still many problems in this
field such as the poor integration of the greenhouse
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equipment and industrialization, and environrment
control approach, hard to share the hardware and
oftw are and poor reliability, etc

Environrment ocontrol is the key technology in
greenhouse production In China, the SOM (single
chip microcomputer) based intelligent control system
in greenhouse w as developed by some institutes and
put into production in experimental scale How ever,
this kind of computer control systen has aimost the
sam e hardw are and just peform s the analog signals and
I/O flow of on-off signals This research optimized
the whole systam which fully utilizes the computer
pow er, and presents a nev schane for the greenhouse
enviroorment control-distributed network oontrol
system (DN CS).

3 Schane of theDNCS

In order to overcome the disadvantages of
complexity, inconvenient repairing and high price
resulted from the traditional central computer control,
and w ith the aid of advanced SOM technique and high
precision, high reliability humidity sensitive and
temperature sensitive device, the advanced digitalized
“intelligent  temperature-humidity sensors  and
controller” and the DNCSw ere developed Computer
data processing technology and computer network
communication technology was used The great
functions of SOM was fully utilized in the
measuranent and transnission part of sensors, and
the physical information can be digitalized directly
which will save the analogy device such as A /O
adgpter and anplifier T he reliability and precision of
the sensorswere greatly mproved w hile the material
cost of the humidity and temperature sensrs was
decreased consequently. The RS-485 communication
protocol was egpplied in practical connecting of
senors, which allow s utmost 256 sensors in one data
wire In addition, there are still other advantages of
RS-485 protocol such as good ability in noise
resistance w hich benefits from the circular current
communication style, high reliability on data
exchanging, long distance data transnission and low
cost of cable lines This schanew as developed on the
basis of market analysis and long-term investigation
abroad and at home The scheneof DNCS is shown in
Fig 1, from which three obvious characteristics of
DNCS can be found: object-oriented and distributed
structure, intelligent unit integrating supervising and
protection, and RS-485 field bus network
3 1 Object-Oriented and D istr ibuted Structure

Since the computer was used in greenhouse, the

Drata logger of intellegent humidity

and temperniune sensors

Fig 1 The schane of theDNCS

development of a control systen has experienced w ith
wo stages central control systan and distributed
control system.
3 11 Structureof central control systam

The central control systan has the structurew hich
centralized the units of measurement, protection,
control and communication into one central computer.
The systan oonsists of upper computers which
perfom the function of data processing, diglaying
and telecommunicating, and local devices w hich
acoomplish the function of data input and output,
control protection and supervision

There are several draw backs in this structure: the
local devicesw ill be an information " bottleneck” due
to perform ing too many functions and the reliability of
the systeamn is relatively low, and when there are
malfunctions in local devices, all local and teledata
w ill be lost and hence thew hole systen collapsed In
addition, it is difficult to design and expand w ith high
resource-consum ing
3 1 2 Structure of distributed control system

The distributed systen also oonsisted of two

levels the upper level is used to manage the system
and the lower level which consisted of many
independent functional units does the rest There are
wo types of distributed system according to the
different usesof functional units

1) Function-oriented distributed system

Each unit performs only one function and the
function of the systean can be divided into temperature
measuranent unit, humidity measureanent unit,
ranote control and operation unit, data acquisition
unit, protection unit, etc The advantage of this
systan is that the functional units and communication
cable was separated completely in electronics A ny
units do not influence on other units W hile its
draw backs are the relatively complexity of the second
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connection, difficult to expand and the units can not
be installed separately.

2) Object-oriented distributed system

One unit connects with one object which can be
treated as input line, output line, sensors and
contactors This kind of systan can be called real
distributed greenhouse environment oontrol system,
as it can break the function Imitation of second
equipment and former management system. This
systan is in accordancew ith the technical standards of
IEEE and w ill be the direction of future development
T he follow ings are the characteristics of this systen:
1) High reliability: themalfunction of some unitswiill
not influence the operation of the whole system; 2)
Independence betw een the units and little influence on
each other; 3) Good ability in data sharing; 4) High
efficiency of the system; 5) The multifunction and
integration control, easy to maintain and operate; 6)
Good ability in noise-resistance, 7) Easy to expand;
8) Low cost becausemuch less cable is needed

T he fundamental difference betw een DN CS and the
common analog device is that the function of the
DNCS should be accomplished by <oftware That
means that in order to meet different practical needs,
not only the high quality hardware but alo the
compatible software are needed The quality of the
DNCS is directly related to the function of the
oftw are

The DNCS oftware which combines with the
standard oontrol strategy and advanced oontrol
approach w as developed T he fuzzy control strategy is
alo used in this systan and coonsequently, the
interchangeability of theDN CSw as mproved
3 2 Field Bus

Field bus is the basic part in the communication
system w hich requires the intelligent sensors

Except for the transducer, other local sensors such
as humidity and temperature sensrs, liquid-level
senors, wind Peed senvrs and valves have some
extent of intelligence This is an entirely different
revolutionary change to the conventional analog
device The double direction multi variants digital
communication w as realized betw een the sensrs and
the upper level control units The digital units take
the place of 4 20 mA analog signal standard, w hich
was used for along time Field bus is the result of the
development of various technologies such as electronic
technology, instrunent  technology, computer
technology and network

Since the field bus is utilized, the control circuit has
been dow nloaded in the low er level, and distributed in

the local instruments, which saved many pieces of
connection and transformation equipment and hence
the number of the hardw are item sw as reduced and the
cost of the systam was also decreased In addition, the
different sensors can be easily connected in the cable,
be convenient to the future repairing

Themost striking advantage of the field bus is that
it dow nloads the control functions to the local device
M ost tasks are accomplished by the local controllers,
w hich entirely change the traditional strategy that
needs central computers to perform all functions So it
is possible to construct a powerful opened control
systeam that can realize the information and equipment
sharing

O ther advantagesof the field bus can be summ arized
asfollows 1) Eliminating the information bottleneck
due to the4 20mA signal transnission; 2) Reducing
the num ber of lines used for connection, saving theA /
D or D/A oonverter;, 3) High precision in
measurament; 4) High reliability and real time ability;
5) The function of the converter is enhanced and the
number of senors is reduced; 6) Easy to repair and
long service life
3 3 Intelligent Units Integration of Supervision and
Protection

The intelligent units include intelligent temperature-
humidity sensrs, intelligent temperature-humidity
ocontrollers and intelligent wind speed senwrs The
functions and characteristics are presented as follow s
3 31 Characteristics

1) Integration of supervising and protection: not
only guarantee the measurement precision, but also
mprove the reliability of the systam.

2) Standardized hardware the hardware in each
unit is the same w hile the oftware is different The
same kind of template can be exchanged while the
precision is not influenced

3) Object oriented design

4) Pow erful function and aw ide range of adaptive,
various protection approach can be flexibly mplanted
or removed

5) A strong capability in noise-resistance

6) ConvenientL CD digplay.

7) Self-detection and pow er off protection
3 3 2 Function of the integration units

1) Providing various kinds of protection approach-
es

2) Parameters can be calibrated in local units

3) Providing various kindsof status information and
operation functions

4) Several kinds of alam functions for abnomal
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situations

5) Parameters adjustment

6) Providing the communication interface betw een
the network and digital data

4 Progpective of the Autamation of the Gree-
nhouse Environment Control

The market of the automation of the greenhouse
environrment control is promising In addition, the
design standard of the automation of greenhouse
environment control in China has not been released,
therefore, the competition in automation of
greenhouse environrment control will be fierce within
the recent fev years How the automation of
greenhouse environrment control will develop in the
future is the most concern for every engineer who
engages in automation of greenhouse environment
control The follow ings are some pointsof view:

4 1 Intelligent Sensorsand Devices

Intelligent sensors and devices are based on
electronic technology. L arge-scale integration circuit
and enbedded system made it possible to integrate the
functional CPU, A /O adapter and input-output device
into one chip in SOM. W ith the device shell and
connection line, a full function intelligent device can
bemade This device can perform multifunction such
as signal transnission and processing, dataprocessing
and exchange, and computing the predefined progranm.

RS-485 serial interface and field bus network were
used in communication U sing field bus network,
intelligent sensors and oontrollers, and personal
computer, a snall scale DNCS can be made, which
w ill be better than the traditional DNCS Intelligent
I/O template connected by field bus, local equipment
and intelligent devicemade up of the further scattered
distributed control station and hence formulate the
nev structure of DN CSw hich consistsof three levels
oontrol network, systen network and management
network

The 1/© module is located in the low level,
equipment and intelligent devices can all be operated
independently and can perform the function of error
detection, data processing and transnission,
computation for control strategy, alaming and self-
diagnosis Each intelligent unit is not entirely
dependent on the central computer, even if the central
computer is in malfunction, each unit can perform
independently and execute the predefined task
4 2 Canbination of FirstDevice and Second D evice

In the present development of the greenhouse
environment control systam, the functional units and

the local device are separated in all kinds of systans

This situation leads to the sophisticated installing of
electrical cable line, andw ill increase the difficulty on
oconstruction and fiancial balance To rewlve this
problem, the first devicemanufacturer should do a lot
of work to integrate the sensors and micro processing
chip into first device, whichw ill pave thew ay for local
control strategy. Therew ill be still a longway to go
before all the first devices are intelligent A nyway,

the intelligent device represents the direction of the
future development

4 3 Fran Local Canmunication to Advanced Field
Bus

A ccording to the standard of international electronic
committee and the definition of the Field Bus
Foundation, field bus is the communication network
which oonnects the intelligent local devices and
automatic equipment

A s the anergence of the intelligent local devices
and the release of the standard of high level filed bus,
it will be possible to realize the automatic control of
greenhouse environment by using standard field bus
control system.

4 4 Integration of Supervisingand Protection

The greenhouse environrment control system
developed by our institute has been used in several
multi-gpan greenhouses in China, such as in Y antai
A cademy of A gricultural Science, A nyang V egetable
Research Center.

A s themarket economy matures, the industrialized
agriculture managanent reforms and the market
regulation is enforced, it is believed that the DNCS
can be used not only in greenhouses, but al® in
livestock housesor other agricultural structures in the
future
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