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Abstract: To so lve the p rob lem s em erged in the tradit ional compu ter con tro l system in greenhouse, the p resen t situat ion of

the greenhouse environm en t con tro l is analyzed and a new schem e of it is p resen ted. By using distribu ted netw o rk con tro l

techno logy, the advanced single ch ip m icrocompu ter (SCM ) techno logy and hum idity sensit ive and temperatu re sensit ive

device w h ich po ssess the ab ility of h igh p recision and h igh reliab ility, an all digita lized“in telligen t hum idity2temperatu re

senso r”and“doub le direct ion in telligen t con tro ller”w as developed. T he new developed greenhouse environm en t con tro l

w as successfu lly used in several greenhouses in Ch ina. T he fu tu re developm en t of th is system w h ich can be used in

livestock houses o r o ther agricu ltu ral structu res is also discussed.
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1　 In troduction

　Greenhou se in ch ina has been m ade a rap id p rogress
over the past tw o decades, and the m o re advanced

techno logy u sed in greenhou se environm en t con tro l
system w ill be an t icipa ted. A s the developm en t of
com pu ter techno logy, com pu ter da ta acqu isit ion and

con tro l system w h ich in tegra tes com pu ter, da ta
acqu isit ion, p rocess con tro l, netw o rk comm un ica t ion
and CR T techno logy w ere u sed in indu stria l
p roduct ion w idely. Fo r info rm at ion acqu isit ion,

handling, supervsing and p roduct ion op t im iza t ion, the
system has the p ropert ies of easy to expend, friend ly

in terface, and p rom ising fu tu re. D u ring the last
decade, com pu ter da ta acqu isit ion and con tro l system
has been w idely u sed in the sicen t if ic research and

p roduct ion in agricu ltu re. D evelop ing from the sing le
elem en t, sing le goal, sta t ic m anagem en t to m u lt i2
elem en ts, m u lt i2goals, and m u lt i2levels, is one of the

im po rtan t research direct ion in agricu ltu re by u sing
advanced techno log ies.

2　Presen t Situa tion Abroad and a t Hom e

　W ith the developm en t of com pu ter techno logy, the
agricu ltu ra l app lica t ion of electron ic techno logy,

in telligen t sen so r techno logy, m echan ica l2electrica l

in tegra t ion, com pu ter netw o rk techno logy, the

greenhou se system has becom e the fron t ier science of
research field to enhance the com pet it iveness of

agricu ltu ra l p roduct ion in the w o rld m arket,

scien t if ica lly u t ilize the agricu ltu ra l resou rces,

increase the agricu ltu ra l p roduct ion, decrease the
p roduct ion co st and p ro tect ing the environm en t since
1990s. A gricu ltu re in developed coun tries has reached

a rela t ively h igh level of indu stria liza t ion and m any

coun tries in the w o rld have increased the techn ica l
investm en t in greenhou se to get m o re agricu ltu re

p roduct ion shares in the w o rld m arket.

　M icro2electron ic techno logy and com pu ter netw o rk
m anagem en t w ere w idely researched and u t ilized in

greenhou ses (o r livestock hou ses) environm en t con tro l

and daily opera t ion and m anagem en t in developed

coun tries, especia lly in N etherlands, Japan, U SA ,

Israel and Germ any, w here the lim ita t ion of hum an

con tro l w as overcom e.

　T he greenhou se has been developed rap id ly fo r over
20 years in Ch ina and the acreage of greenhou ses is the
la rgest in the w o rld. D u ring " the N in th F ive2Year

P lan " period, the efficien t and energy saving sloar

greenhou se, m u lt i2span and the successfu l doub le

layer infla ted p last ic m u lt i2span greenhou se w h ich
su its fo r no rthern Ch ina have grea t ly reduced the

energy con sum p tion com pared w ith the sam e p roducts

in fo reign coun tries. A ll the researches p layed an
im po rtan t ro le in lead ing ou r agricu ltu re from

trad it iona l, labo r in ten sive m anagem en t to m odern

in tegra ted effect ive m anagem en t. How ever, the

greenhou se in Ch ina is fa r from the indu stria lized
agricu ltu re and there are st ill m any p rob lem s in th is

f ield such as the poo r in tegra t ion of the greenhou se
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equ ipm en t and indu stria liza t ion, and environm en t
con tro l app roach, hard to share the hardw are and

softw are and poo r reliab ility, etc.

　 Environm en t con tro l is the key techno logy in
greenhou se p roduct ion. In Ch ina, the SCM ( sing le

ch ip m icrocom pu ter) based in telligen t con tro l system

in greenhou se w as developed by som e in st itu tes and

pu t in to p roduct ion in experim en ta l sca le. How ever,

th is k ind of com pu ter con tro l system has a lm o st the

sam e hardw are and ju st pefo rm s the ana log signa ls and

IöO flow of on2off signa ls. T h is research op t im ized

the w ho le system w h ich fu lly u t ilizes the com pu ter
pow er, and p resen ts a new schem e fo r the greenhou se

environm en t con tro l2dist ribu ted netw o rk con tro l

system (DN CS).

3　Schem e of the D NCS

　 In o rder to overcom e the d isadvan tages of

com p lex ity, inconven ien t repa iring and h igh p rice
resu lted from the trad it iona l cen tra l com pu ter con tro l,

and w ith the a id of advanced SCM techn ique and h igh

p recision, h igh reliab ility hum idity sen sit ive and

tem pera tu re sen sit ive device, the advanced dig ita lized
" in telligen t tem pera tu re2hum idity sen so rs and

con tro ller" and the DN CS w ere developed. Com pu ter

da ta p rocessing techno logy and com pu ter netw o rk

comm un ica t ion techno logy w as u sed. T he grea t
funct ion s of SCM w as fu lly u t ilized in the

m easu rem en t and tran sm ission part of sen so rs, and

the physica l info rm at ion can be dig ita lized direct ly
w h ich w ill save the ana logy device such as A öD
adap ter and am p lif ier. T he reliab ility and p recision of

the sen so rs w ere grea t ly im p roved w h ile the m ateria l

co st of the hum idity and tem pera tu re sen so rs w as
decreased con sequen t ly. T he R S2485 comm un ica t ion

p ro toco l w as app lied in p ract ica l connect ing of

sen so rs, w h ich a llow s u tm o st 256 sen so rs in one data

w ire. In addit ion, there are st ill o ther advan tages of
R S2485 p ro toco l such as good ab ility in no ise2
resistance w h ich benefits from the circu la r cu rren t

comm un ica t ion style, h igh reliab ility on data
exchanging, long distance da ta t ran sm ission and low

co st of cab le lines. T h is schem e w as developed on the

basis of m arket ana lysis and long2term invest iga t ion

ab road and at hom e. T he schem e of DN CS is show n in
F ig. 1, from w h ich th ree obviou s characterist ics of

DN CS can be found: ob ject2o rien ted and dist ribu ted

structu re, in telligen t un it in tegra t ing supervising and

p ro tect ion, and R S2485 field bu s netw o rk.
3. 1　Object-Or ien ted and D istr ibuted Structure
　 Since the com pu ter w as u sed in greenhou se, the

F ig. 1　T he schem e of the DN CS

developm en t of a con tro l system has experienced w ith
tw o stages: cen tra l con tro l system and dist ribu ted

con tro l system.

3. 1. 1　Structu re of cen tra l con tro l system
　T he cen tra l con tro l system has the structu re w h ich
cen tra lized the un its of m easu rem en t, p ro tect ion,

con tro l and comm un ica t ion in to one cen tra l com pu ter.

T he system con sists of upper com pu ters w h ich
perfo rm the funct ion of da ta p rocessing, d isp laying

and telecomm un ica t ing, and loca l devices w h ich

accom p lish the funct ion of da ta inpu t and ou tpu t,

con tro l p ro tect ion and supervision.
　T here are severa l draw back s in th is st ructu re: the

loca l devices w ill be an info rm at ion " bo t t leneck" due

to perfo rm ing too m any funct ion s and the reliab ility of

the system is rela t ively low , and w hen there are
m alfunct ion s in loca l devices, a ll loca l and teleda ta

w ill be lo st and hence the w ho le system co llap sed. In

addit ion, it is d iff icu lt to design and expand w ith h igh
resou rce2con sum ing.
3. 1. 2　Structu re of d ist ribu ted con tro l system

T he dist ribu ted system also con sisted of tw o

levels: the upper level is u sed to m anage the system
and the low er level w h ich con sisted of m any

independen t funct iona l un its does the rest. T here are

tw o types of d ist ribu ted system acco rd ing to the

d ifferen t u ses of funct iona l un its.
　1) Funct ion2o rien ted dist ribu ted system
　 Each un it perfo rm s on ly one funct ion and the

funct ion of the system can be divided in to tem pera tu re

m easu rem en t un it, hum id ity m easu rem en t un it,

rem o te con tro l and opera t ion un it, da ta acqu isit ion

un it, p ro tect ion un it, etc. T he advan tage of th is

system is tha t the funct iona l un its and comm un ica t ion
cab le w as separa ted com p letely in electron ics. A ny

un its do no t influence on o ther un its. W h ile its

draw back s are the rela t ively com p lex ity of the second
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connect ion, d iff icu lt to expand and the un its can no t
be in sta lled separa tely.

　2) O b ject2o rien ted dist ribu ted system
　O ne un it connects w ith one ob ject w h ich can be
trea ted as inpu t line, ou tpu t line, sen so rs and

con tacto rs. T h is k ind of system can be ca lled rea l

d ist ribu ted greenhou se environm en t con tro l system ,

as it can b reak the funct ion lim ita t ion of second
equ ipm en t and fo rm er m anagem en t system. T h is

system is in acco rdance w ith the techn ica l standards of

IEEE and w ill be the d irect ion of fu tu re developm en t.

T he fo llow ings are the characterist ics of th is system :
1) H igh reliab ility: the m alfunct ion of som e un its w ill

no t influence the opera t ion of the w ho le system ; 2)

Independence betw een the un its and lit t le influence on
each o ther; 3) Good ab ility in da ta sharing; 4) H igh

efficiency of the system ; 5 ) T he m u lt ifunct ion and

in tegra t ion con tro l, easy to m ain ta in and opera te; 6)

Good ab ility in no ise2resistance; 7) Easy to expand;

8) L ow co st becau se m uch less cab le is needed.
　T he fundam en ta l d ifference betw een DN CS and the

comm on analog device is tha t the funct ion of the

DN CS shou ld be accom p lished by softw are. T hat
m ean s tha t in o rder to m eet d ifferen t p ract ica l needs,

no t on ly the h igh quality hardw are bu t a lso the

com pat ib le softw are are needed. T he quality of the

DN CS is d irect ly rela ted to the funct ion of the
softw are.

　 T he DN CS softw are w h ich com b ines w ith the

standard con tro l st ra tegy and advanced con tro l
app roach w as developed. T he fuzzy con tro l st ra tegy is

a lso u sed in th is system and con sequen t ly, the

in terchangeab ility of the DN CS w as im p roved.

3. 2　F ield Bus
　 F ield bu s is the basic part in the comm un ica t ion

system w h ich requ ires the in telligen t sen so rs.

　Excep t fo r the tran sducer, o ther loca l sen so rs such

as hum idity and tem pera tu re sen so rs, liqu id2level
sen so rs, w ind speed sen so rs and valves have som e

ex ten t of in telligence. T h is is an en t irely d ifferen t

revo lu t ionary change to the conven t iona l ana log
device. T he doub le d irect ion m u lt i varian ts d ig ita l

comm un ica t ion w as rea lized betw een the sen so rs and

the upper level con tro l un its. T he dig ita l un its take

the p lace of 4～ 20 mA analog signa l standard, w h ich
w as u sed fo r a long t im e. F ield bu s is the resu lt of the

developm en t of variou s techno log ies such as electron ic

techno logy, in st rum en t techno logy, com pu ter

techno logy and netw o rk.
　Since the field bu s is u t ilized, the con tro l circu it has

been dow n loaded in the low er level, and dist ribu ted in

the loca l in st rum en ts, w h ich saved m any p ieces of
connect ion and tran sfo rm at ion equ ipm en t and hence

the num ber of the hardw are item s w as reduced and the

co st of the system w as a lso decreased. In addit ion, the
d ifferen t sen so rs can be easily connected in the cab le,

be conven ien t to the fu tu re repa iring.

　T he m o st st rik ing advan tage of the field bu s is tha t

it dow n loads the con tro l funct ion s to the loca l device.

M o st task s are accom p lished by the loca l con tro llers,

w h ich en t irely change the trad it iona l st ra tegy tha t

needs cen tra l com pu ters to perfo rm all funct ion s. So it

is po ssib le to con struct a pow erfu l opened con tro l
system tha t can rea lize the info rm at ion and equ ipm en t

sharing.

　O ther advan tages of the field bu s can be summ arized
as fo llow s: 1) E lim ina t ing the info rm at ion bo t t leneck

due to the 4～ 20 mA signal t ran sm ission; 2) R educing

the num ber of lines u sed fo r connect ion, saving the A ö
D o r D öA converter; 3 ) H igh p recision in
m easu rem en t; 4) H igh reliab ility and rea l t im e ab ility;
5) T he funct ion of the converter is enhanced and the

num ber of sen so rs is reduced; 6) Easy to repa ir and

long service life.
3. 3　 In tell igen t Un its- In tegra tion of Superv ision and
Protection
　T he in telligen t un its include in telligen t tem pera tu re2
hum idity sen so rs, in telligen t tem pera tu re2hum idity
con tro llers and in telligen t w ind speed sen so rs. T he

funct ion s and characterist ics are p resen ted as fo llow s:

3. 3. 1　Characterist ics
　1) In tegra t ion of supervising and p ro tect ion: no t

on ly guaran tee the m easu rem en t p recision, bu t a lso

im p rove the reliab ility of the system.

　 2 ) Standard ized hardw are: the hardw are in each
un it is the sam e w h ile the softw are is d ifferen t. T he

sam e k ind of tem p la te can be exchanged w h ile the

p recision is no t influenced.

　3) O b ject o rien ted design.
　4) Pow erfu l funct ion and a w ide range of adap t ive,

variou s p ro tect ion app roach can be flex ib ly im p lan ted

o r rem oved.

　5) A strong capab ility in no ise2resistance.
　6) Conven ien t L CD disp lay.

　7) Self2detect ion and pow er off p ro tect ion.

3. 3. 2　Funct ion of the in tegra t ion un its
　1) P rovid ing variou s k inds of p ro tect ion app roach2
es.

　2) Param eters can be ca lib ra ted in loca l un its.

　3) P rovid ing variou s k inds of sta tu s info rm at ion and
opera t ion funct ion s.

　 4) Severa l k inds of a la rm funct ion s fo r abno rm al
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situa t ion s.
　5) Param eters ad ju stm en t.

　6) P rovid ing the comm un ica t ion in terface betw een

the netw o rk and dig ita l da ta.

4　Prospect ive of the Automa tion of the Gree-

nhouse Env ironm en t Con trol

　T he m arket of the au tom ation of the greenhou se
environm en t con tro l is p rom ising. In addit ion, the

design standard of the au tom ation of greenhou se

environm en t con tro l in Ch ina has no t been released,

therefo re, the com pet it ion in au tom ation of
greenhou se environm en t con tro l w ill be fierce w ith in

the recen t few years. How the au tom ation of

greenhou se environm en t con tro l w ill develop in the
fu tu re is the m o st concern fo r every engineer w ho

engages in au tom ation of greenhou se environm en t

con tro l. T he fo llow ings are som e po in ts of view :

4. 1　 In tell igen t Sen sors and D ev ices
　 In telligen t sen so rs and devices are based on

electron ic techno logy. L arge2sca le in tegra t ion circu it

and em bedded system m ade it po ssib le to in tegra te the

funct iona l CPU , A öD adap ter and inpu t2ou tpu t device
in to one ch ip in SCM. W ith the device shell and

connect ion line, a fu ll funct ion in telligen t device can

be m ade. T h is device can perfo rm m u lt ifunct ion such

as signa l t ran sm ission and p rocessing, da ta p rocessing
and exchange, and com pu ting the p redefined p rogram.

　R S2485 seria l in terface and field bu s netw o rk w ere

u sed in comm un ica t ion. U sing field bu s netw o rk,

in telligen t sen so rs and con tro llers, and personal

com pu ter, a sm all sca le DN CS can be m ade, w h ich

w ill be bet ter than the trad it iona l DN CS. In telligen t

IöO tem p la te connected by field bu s, loca l equ ipm en t
and in telligen t device m ade up of the fu rther sca t tered

dist ribu ted con tro l sta t ion and hence fo rm u la te the

new structu re of DN CS w h ich con sists of th ree levels:

con tro l netw o rk, system netw o rk and m anagem en t
netw o rk.

　 T he IöO m odu le is loca ted in the low level,

equ ipm en t and in telligen t devices can a ll be opera ted
independen t ly and can perfo rm the funct ion of erro r

detect ion, da ta p rocessing and tran sm ission,

com pu ta t ion fo r con tro l st ra tegy, a la rm ing and self2
diagno sis. Each in telligen t un it is no t en t irely
dependen t on the cen tra l com pu ter, even if the cen tra l

com pu ter is in m alfunct ion, each un it can perfo rm

independen t ly and execu te the p redefined task.

4. 2　Com bina tion of F irst D ev ice and Second D ev ice
　 In the p resen t developm en t of the greenhou se

environm en t con tro l system , the funct iona l un its and

the loca l device are separa ted in a ll k inds of system s.

T h is situa t ion leads to the soph ist ica ted in sta lling of

electrica l cab le line, and w ill increase the d iff icu lty on

con struct ion and fiancia l ba lance. To reso lve th is
p rob lem , the first device m anufactu rer shou ld do a lo t

of w o rk to in tegra te the sen so rs and m icro p rocessing

ch ip in to first device, w h ich w ill pave the w ay fo r loca l
con tro l st ra tegy. T here w ill be st ill a long w ay to go
befo re a ll the first devices are in telligen t. A nyw ay,

the in telligen t device rep resen ts the d irect ion of the
fu tu re developm en t.

4. 3　From L oca l Comm un ica tion to Advanced F ield
Bus
　A cco rd ing to the standard of in terna t iona l electron ic

comm it tee and the defin it ion of the F ield Bu s

Foundat ion, f ield bu s is the comm un ica t ion netw o rk
w h ich connects the in telligen t loca l devices and

au tom atic equ ipm en t.

A s the em ergence of the in telligen t loca l devices
and the release of the standard of h igh level f iled bu s,

it w ill be po ssib le to rea lize the au tom atic con tro l of

greenhou se environm en t by u sing standard field bu s
con tro l system.

4. 4　 In tegra tion of Superv ising and Protection
　 T he greenhou se environm en t con tro l system
developed by ou r in st itu te has been u sed in severa l

m u lt i2span greenhou ses in Ch ina, such as in Yan ta i
A cadem y of A gricu ltu ra l Science, A nyang V egetab le
R esearch Cen ter.

　A s the m arket econom y m atu res, the indu stria lized

agricu ltu re m anagem en t refo rm s and the m arket
regu la t ion is enfo rced, it is believed tha t the DN CS

can be u sed no t on ly in greenhou ses, bu t a lso in

livestock hou ses o r o ther agricu ltu ra l st ructu res in the
fu tu re.
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分布式网络控制——实现温室环境调控自动化的一种新方案

滕光辉, 李长缨
(中国农业大学水利与土木工程学院,北京 100083)

摘　要: 针对传统计算机控制技术在温室环境调控中呈现的控制复杂、维修不便和价格昂贵的缺点,该文分析了温室环境
调控自动化的现状,提出了一种全新的实现方案。采用分布式网络控制技术并使用国际先进的微型单片机技术和国外高精
度、高稳定性的湿敏及温敏器件,研制出全数字化“智能温湿度传感器”和“双回路智能温湿度控制器”。目前研制的温室环
境调控自动化系统已在国内数家现代化智能温室推广应用。还对温室环境调控自动化的发展提出了几点看法。
关键词: 温室; 环境调控自动化; 分布式网络控制系统
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