View metadata, citation and similar papers at core.ac.uk brought to you by fCORE

provided by Xiamen University Institutional Repository

FREGREG: 10384 N5 R
%#5. X2010230399 uDC

»
B R}
T & M & % A & X
im ZE Kl B shiEHl R it 5353
Design and Implementation of Automatic Control System

for Greenhouse

T 4t

PFHIP L TR

+ bz AR KR
IR BH: 2012 4 10 A
WX AR E] . 2012 4 11 A
FA4%F B H: + A

EMERRER:
oo A

2012 £ 10 H


https://core.ac.uk/display/41420166?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

ENXFEFAL IR %A

AN EAZM AL SOEAR NAE T 5 8 0L 58 1% K0T 5T 1k
Ko ANAERLGIEH S HADAN NG DA BRIV TR, 1)
AE SO DATE 24 57 AU W], AR S EVEAT (BT TR S T2
AREFRTE GRATO).

A AL A ( DUEL D
RIBFTEA, BRAG ( ) WL (A1) 22 Eisi %
welh, 7E ( ) SEHrE S GRAERL ERGS EHE R

A R A DT N BRI A PR, RAT BRI W AR, Al AANERF

ol )

PN (BE4):
= H H



BIRFFAIRCEAERE A A

ANFRE TR AR SE Crp e N RN [ 22 07 2% 8 47 58 it 7
V) SERE Or BRI I RS2 218 3C, JF 1) T2 A1 T B F R e M LAIR AT
FALR S CRLFRAU RN /O, VA AL SCHEN T
(EYSE (L S VINE IV NIV R PNE 2 b VA8 VNG S Y
Tt A e SO B Bt P A TR R RS AT S B LR
S G RS, SR ED S A Bl sl Hee Ty s BRI 22 018 3

AR E T

( ) LAJET TR IRE 2 e W A€ IR A A8 3,
=i TR A, ERIEH R

C N D 2R, S IR AL

G A LA AR N5 A TN B AR Y 28 o DRES 40718 S0V,
O E TR E R R f e AR S0, Re TR RS R

HE AL L AT AR S SRR AR ANIHE (1, BRI N
NI, ¥IiE ) B

(=]
AR



T

HE

AR, B E AR B 2 TRRIARRE, S Rct Ak, cg)
Zis AL A o BEE R AROR IR A AT S SR ANE 1) iz
RHT, St AR b et R e E AN R RFT b, e A e gn BUA AR AT K
TAEESRKII A RSN 17, et T ARMEIAL I A -

ATSORAE B AN KREEARAWOR I 5N, 45 B NI = RHIE0IR,
BT TR ARM HAR G AR R GBI 13 = SIS 1A O AR .

AR | Pt = RN (10 T2 5 SRR i, A SO IR R A 7 e AR b 2 ) R
et TN =R B Bh i filas . ARG MESEHRIL, MR Zeh. EAL
NPT . =R B sl . ARSI CAN R4 5 FALFE ]
THENLIERE, WESSEHEHLIE R LUK 5 A2 fl v L . i =) A shiz
SRS ARM i aseih, SRR AL IKAs, | LCD M4 R
PUFRIRT, PRI A BETT AR TEIRE T EE S5 A T LA 5 iR e sl o KR A
HlERIE TR ARM RGBT, ARG KR IR AR IR Ea:E; Mk
TR BN AR v 2 RS D0 L s 7 AN S o m] 2 IO A3k
AT RGAE BB LA I AL BRIV SRS ORI AKER by
SEPTAT RIS TP L M S B A v i P £ b R

ARG L2 N H] B Py 2 20 A e 7 v I ORI H R B TR Y
Bt i FH SERERCR -

FiE IRE LM ARM; ARG



Uit KM A B4 & gk 5 S B

Abstract

In recent years, the agricultural infrastructure development has made a great
progress, a variety of advanced facilities has been widely applied to agricultural
production. With the rapid development of science and extensive application in high
technology in modern agriculture, the use of advanced agricultural facilities has
become a new direction in industry. Its development promotes the progress and
decelopment on the way of agricultural modernization.

This dissertation is in the context of continual development of embedded system
combined the situation of Greenhouse in China, examining the certain technology of
building the greenhouse controller according to ARM technology and embedded
system technology.

Considering the requirements and features of the greenhouse in China, the
objective is to research the tobacco seeding greenhouse control system which is
composed by greenhouse automatic controller, pump controller, network cameras,
small weather station, and the upper monitoring computer. Among them the
Greenhouse automatic controller and water pump controller connect with the host
control computer through the CAN bus , while the network camera connects linking
to the host control computer through Internet.

Greenhouse automatic controller based on the desigh of embedded ARM
controller, integrating temperature and humidity sensor with a LCD and a keyboard
interface, so as to be used to control the greenhouse shading, filming, spray irrigation
and drip irrigation and other specified action.

Water pump controller based on ARM embedded system design as well, which
controls the action of water pump, chemical fertilizer pump, and medicine pump, t he
network camera can monitor the growth situation of tobacco in the greenhouse,while
the small outdoor digital weather forcasting station is able to forcast and send the

weather information promply back to the host computer, finally, the host control
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computer guards the condition of Greenhouses, pump room, video work, thereby
achieving centralized control and management of the tobacco tobacco seeding field.
The research results have been applied in a number of domestic Flue-cured Tobacco

Seeding Greenhouse projects, and obtained positive resullts.

Key Words: Greenhouse; ARM; Embedded System

I



Uit KM A B4 & gk 5 S B

B X

B I
N ] 1 - T SO STR I
F—E Gl E 1
LITEFFRBREEY e, 1

1.2 EIFIIMIBTILAR oo e 2
1.2.1 S & RHIAEIAR AN A I HAT JZAE FH i 2

1.2.2 [ AN R TTIIR oo 2

1.2.3 W8 EE KT R AT oot 3

I3 EERRABTGALRLEN oo 4
ETE O KBERARANE o, 5
2L HEATNERGE ..o 5

2.2 ARM ..o 6
23 CAN R oot 7
2.4 INEUFTTR ..ot 8
2.5 ZRFEINGE oo 10
BoE BB ERDH e 11
3.1 BARMESHEIR oo 11
31T MEGFRETIREIR ... 11 -

B2 MBI TESRFIIE oo 13

33 BT TTT SRR oo 13

B2 R IRHT oo 13
320 BT IR oo 13

3.2.2 THBETE TR oo 14

3.2.3 AETHBETTIR oo 15

3.3 BRAETHEEMETETR (oo 16

v



330 RGIIIAETTIR oo 16
332 RGMEBETTIR oo 17
BUAZRTEING oo 18
BME  RBEEIKIRIT oo 19
A1 FEBEBRGEILIT oo 19
4.1.1 TP RGE R ARKIZETE T oo 19
4.1.2 CPU BRIV oo 20
413 BREIHLILTE oo 21
B4 LTIV oo 22
A5 BEETETT oo 22
4.1.6 WEFERGEMFIEBETE oo 23

42 BEBRGEIT oo 24
42T HRANIRVIRIE BRGEBETT oo 25
4.2.2 FATHAERGEET oo 25
423 TTRBE TTHE T oo 27

4.3 BIIBEEIRT oot 27
BA ZRBEINGE oo e 30
FRE REIFEMEITFEFIEI o 32
SLAEHFIZTT oo 32
ST B EARSEI oo 32
5.1.2 CPU ARBETF S oo 33
513 BRBIAREZI oot 34
5.01.4 FEEBUEII oo 35
5.1.5 PSRRI ZEATAESE I oo 36
5.2 TBRIBEIT o 36
5.2.1 FEIEZRIE T e 37
5.2.2 BEEBEICTETE oo 40
5.2.3 PABAEICTE T coovoeee s 41
5.3 L LIt oo 42



Uit KM A B4 & gk 5 S B

531 UTTETE oo 42

5.3.2 NV BRIE EATBET oo 43

5.3.3 FEHIBRELR. oo 48

5.3.4 HERLEIL oot 50

53.5 HHMEEACTIEEL oo 52

5.3.6 JEATICI BIBBEIC T oo 54

5.3.7 ARG BB ERELL oo 57

B ZREEIINGE (oot 58
FBIRE BRBEMIR s 59
B.1 TR ..ooovooceeeceeeeee e 59

6.2 BRAETUIE ...oovooceeceeeeeee e 61
B3 FUTHEEER ..ot 62
8.4 ZREEIINGE (..o 63
FEE BB s 64
TL BB e e e e st e 64
7.2 BBEE oo e 64
BEETILIR oottt 66
Bl BB e 67

VI



Contents

Contents

ADSEFACT. ... 1
Chapter 1 INtroduUCION ..........cccoiiiiiieiecee e 1
1.1 The Background of Project and Significance...........cccocvcevenieninniincinnne. 1

1.2 Research Status at Home and Abroad............c.ccoevvinineinsieneenieiiees 2
1.2.1 Greenhouses Status and Role in Modern Agriculture..........cc..ccccennennn.e. 2

1.2.2 Domestic and International Greenhouse Research .............ccccoeveennnne. 2

1.2.3 Trends of GreenhouSe ........coveeiuiiiiiiiiieiicec et 3

1.3 MAIN CONTENTS ...ttt 4
Chapter 2 Overview of Related Technologies.........cccevvvevieiieiieecieenne, 5
2.1 EMDedded SYSTEMS ......c.oiiiiiieiiieie e 5

2.2 ARM ..o 6

2.3 CAN BUS ..ottt ettt re e e 7

2.4 Net TEChNOIOQY ....coiiiieiiee e 8

2.5 SUMIMBIY ...ttt e et b e b e been s 10
Chapter 3 System Requirements Analysis ..........cccooeiiiiiieiniennnnn, 11
3.1 Overall Business DeSCriptioN ...........cccciveiieiiieiieii e se e 11
3.1.1 Business Model OVETVIEW .........cocuiiiiieiiieiiienieeieesie et 11

3.1.2 The Owners of the Demand Described............ccccceevieriiieniieiiieniienene 13

3.1.3 Description OF Management Department Needs.........c.cccecvveerveeennnnnn. 13

3.2 Hardware Requirements ANalySiS.........ccceiviieiieieiie e 13
3.2.1 Environmental Requirements.............ccccveeeiiierieeeniiieeeiie e eevee e 13

3.2.2 Functional REqQUITEMENtS ...........ceeeuieriieriiieiieeieeiie e 14

3.2.3 Non Functional Requirements ............ccccueeeviierieeeriiieesiieesieeesvee e 15

3.3 Software Functional ANalysis...........ccccoveiiiiiiiiiieic e 16
3.3.1 The Functional Requirements of the System ..........c.cccccveeviieerveeennen. 16

3.3.2 System Performance Requirements.............ccccceevveeiiieniencieenneeieenenne 17

Vil



Uit KM A B4 & gk 5 S B

34 SUMIMIATY ...ttt b et nb et neenne s 18
Chapter 4 System Overall Design ... 19
4.1 Hardware SYStem AeSIgN.......ccveiviieerieiieieeite et esee st sra e re e 19
4.1.1 The Design of Hardware System .........cccceevvvieeriiieeriiieeniie e 19
4.1.2 CPU Board DeSi@N......c.c.ccouieiiiiiieiieniiieieeeie ettt -20 -
4.1.3 Driver Board DesIZN .........ceecuiieeiiiieeiieeciie et evee e 21
4.1.4 Power Supply Desi@n........c.cevuieiiieniiieiieieeiieeee et -22-
4.1.5 Keyboard DESIZN .....c..eeeruiieeiiiieeiieeeiieeeiee et eevee et e s sttt ae s 22
4.1.6 Monitoring SysStem DESIZN .......c.eevuieruierireiiieniiiniii e iieeeieeriee e eeeens 23

4.2 Software SyStem DESIGN .......cccoiiiiiiiiiieieie i 24
4.2.1 Embedded Software System Design.........ccccocoveiiiiinirnniieniieiienieeieene 25
4.2.2 Host Software System Design ..........cccoevvuveiiiiiieeiieeeiieecee e 25
4.2.3 Communication Interface Design ...........cccoecueevieniienieniiienieeieeeee e 27

4.3 DAtabase DESIGN .....ccuuiuiiieiieiesiiaiet ittt 27
YU 11 0] T U2 PRSP TPP 30
Chapter 5 System Detailed Design and Implementation............... -31-
5.1 The design of hardware SYSteM..........cccccoveriiininieneeee s -31-
5.1.1 Realization of Hardware ............ccoceevuevieniinenieneenenieneeeeeeee -31-
5.1.2 Realization of CPU Board Design ..........cccecuveeeciieeniieeniieeeiie e -32-
5.1.3 Realization of Driver Board Design .........ccceeevieriieiiienieniieiecieeeeae 34
5.1.4 Realization of Power Supply Design........ccccceeeviveeciieeiiieeieeee. -34 -
5.1.5 Realization of Video Surveillance Network Hardware.................... -35-

5.2 LOWEE DESIGN ...ttt -35-
5.2.1 Control Mode DeSiZN........ccocuieriieriieiieiiieieeieeree et -36 -
5.2.2 Setting Mode DESIZN........oceiuiiieiiieeiieeeiie ettt 40
5.2.3 Debug Mode DEeSIZN .....cccuveeiieiiieiieiie ettt 41

5.3 HOST DESIGN ..ttt -41 -
5.3.1 ULDESIZN .eiiuiiiiiieiieeieeiie ettt ettt saeesbeeseaeenseens -41 -
5.3.2 Small Weather Station Upper Design ........cccceeeeeeeeciieenciieeeiieeeinen. -42 -

VIII



Contents

5.3.3 Control Module..........coooiiiiiiiieiieeiieeeeeee e -47 -

5.3.4 Alarm MOdUI@ ......ccviiiiiiiiieiieiece e e 50

5.3.5 Seedling Information Recording Module ...........cccoveeviieeiiieeniieee. 52

5.3.6 Running Records and Fault Records...........ccccccveeiiinininiiniiiiee. -52-

5.3.7 System Information Setting Module...........ccceeevvierciiiinciieiniieeiee -56 -

I U [0 11 4= 1 o SO RUPRPPR -57 -
Chapter 6 SYStEM TeSt......cciveiieiie e - 58 -
6.1 HANAWANE TEST ...oveeiieiie ettt dh e e s s ne s - 58 -

6.2 SOTEWANE TEST ... e - 60 -

6.3 TEST RESUILS ... -61-

6.4 SUMIMAIY ..eiiiiiiiiiiiie ettt et e et e e nnbe e e nnr e e e e -61-
Chapter 7 Conclusions and ProSpect ..........cccccevvvveieeiieesiveenieeseenns - 62 -
7.1 CONCIUSIONS ...ttt te e enae s -62 -

A o (0] 010! SO RPOTRPPRPPR -63-
RETEIENCES ... it - 65 -
ACKNOWIEAGEMENTS ...ttt - 66 -

IX



LIEBAREREEX

AR, B FE AR B 2 TECRIARE, S Reat ok, o)
Zis AR A

R A R = ORI 2R 4, AR AT RO BRI IR RE 25, (B0 38 fi T o K-
JEHERFEMPERI RS, K2 B0e HaE G R E SN SAR 7™ dh, 28ii0 518 9% F 1
£ 5 LSS il 55 v DA SRt 28 1 FR A 20 3 127 b R R BRI JE

R A HHRU R R T3 M, 1988 41 B4 P4 M 3L KA 1 2 e iRl A i 5 =X
BATVRE . TR E R A MR B, amBir, AR, R
PR IHAR B2 A AR R . BT 1996 ST IRDFFTIN iy & wifoR, I
CORHZ BRI o 557 7 BT 2 KR Ol = BOE MR ARCH, I, i
MG AR SR 7 B R T R E A

| Y L 2 A, 2RO AKEE N 200 Rz M o UL R B O IRE,
AT e i B P 2 A AR GO R AT 92 ) XS, B ARt ] A 3 L K
FEIFEEAEY), (HERAEOUI, & 2208 19 N TR I N A5, SRORIEVED (1)
JRAC e BUA IR B R S0, 2 MR AR Tl 51 B R B BN ORI BEA iR S 3
FEREE, BB HE L CO IRIESFIRER, MOORTR BEN AT Ml o it
MBS I B . S A R SIS, [ e T E I B

ARG R T T M A (K S P K 45 4 Py AN & M il &
SRR, H BN B, PR T A A B R R = SR T R g 1R
GUIT AR AT LI R EA . IURAL . SR AL B P I R RS RS 1R e
TR, ORUET VAT Aot A, R IR KRS R T L
Wy E B A N T, SRR R 57 B am L s S 2B i R R S
FEAMY IR T T 747 28 AR AN 223K



Uit KM A B4 & gk 5 S B

1.2 EAIMRR IR

121 BmEAMERR R ey f K25 RA

U = I N DRSO o5 P £ 22 s ) 2 K R B3 TR 3
BEfy—Ahgolk v, el DUKEE A S8, TN IR . HR, 23U
A, D, R S OB CAR MY A i b BAT HER R 3o i = M ) U 6
AN S A, AR A, i AN, AT R
IR RN, RIS T AP e, Rl e m LA, Js iRy
R ORI RS, SR BRI A IR, REdm B B AL 1, n] DUSORT R I
AR SN, SEBRARNE A Tl A .

KRB FEAl . Al BB BT A MR = M, IR ke =
KM Bl Tzl B AR MY R P b AR R A e

1.2.2 EAINEREXMRFH IR

[ Ah ik FE SR = M O DR, 20 T4 50 R T i IR
R =M. 21 20 tHhal 70 FEAC, CHBUTTHENUO S AR RS IR
=) AL AR wHOl . K IR R S EAEA T, et 1A
(RIA o

HAT, EANAILE K E RS LB, JF A — 2 A lbsdE. Jf
7R 2 B = M L) LA SRR G A% O P, 4 Bl AR P 1 4% gk
v, AN EABTHATR S JF HIEASE PRI N LS9, HiRR TR Rl
RS, CaAe 4 Ashr) oy AT & R .

F I ARl = M A JE A 2D e o 3] 70 AEARR AN 80 AEARHT, FR A HH IR
B I A, BRI RGHEA R B[R E AR BRGSO
BOGHE, (B2 Tl BE kRl s A AR S5 A LS R BUAL, AL AE X R
ZORMAAF N, PG G RENETE . Wik, ENGE IR AR &L
FEDT, 0 FE AN KHIEAR BTG, PG IEBUR, X MG R G347 T 4
BHENIE S JE FE N, Sk EARME TS AR R S8 EAEE Az
ARG L E AT TS E L APl PLC 28 AshiEhl RS, HIhae L%

2



%W 5l

SRS A KN « JRSE S COp S H IRAEREATH il AKX L8R A Bhiz i &
girh, ZHARG, VPRMKEEN LO7 80 TR, 1 R G R SR AR S ML (1A
o B, K% B AL IR =M, S B ), a1 EBE
e

123 BEXMM A RESD

AR = A RA JLMR I B AR . KM, et ILAE. H T
WAL .

KA R 2B B, TR = AR A E ], 2=t
BUN, T ERATHUIMLERAE, GO,

KA = RS R HZE, RS,

FE MBS AT, FEACR N Ll 6 AT MR, BB R
FRRNERE, AE 70 FACRBAUX A & R LN B TR i
Legrdtils 80 AEACHIEL 7 A gl R 4L, s, iFHEAERIRARKZS Y,
R/ IP SN IESE St Y AP N S R A i SR LNl TR R S P ¥/
o WA MR RS el N el Tahedl, BINTS 5 ashishl, Kk
Bal A SR B CREAARG A D B BEAb

SE= AN 11 o B 2 W L2052 1 7 = s w1 w7 NI N A TN 2
H BREAF RS, RIXLER G RIS e S R AR S, SRR
G EZh R FEHI TR, JFTSE O IR, AR R, S AR
RS

FEild M A R, RSHEAL I BRA T 20 B2 IEAE BB I N o ks 7
PCHHENE, ASTEALAT 2, ASTEAL I BRRE, RTEAL ARG, RS HEAL A S o 2 fit
e

KA AL oAl PO BT A FEMRIR 2 R, AR 58 4
(Kol ) e 5ede, SRS Ay Rt o7 1k .



Uit KM A B4 & gk 5 S B

13 FEMRARSHRSEH

AR EIACAG I 2 8 A shiE i R gt — M RA X RS ARM,
CAN &4, TCP/IP. HLT it BN — MR R S

AR SORE T BACA 22 MR 42 61 R GEACR AT T 04T, WF9E A RN 303
AR ARM KR E5H 59 FE5%, B L7 oodsr, R B8t B3l
YELL ARM M0 — RAV BRI, Bt S FIr Rk, Sy il B AL it OF
I 1O P 77 = N P | A AR AT UG S8 iR o8 B A
I TREAN KM 222 W 25 AT I SRS, A2 s s Ramg kg m,
A SO R, B BT PC LT SR I 4R B AT A A 44

WIS T

W, ik BR T IUH TR S B TR R IR 32 B S
WA, IR RS DG 2 HEEAT T MRS PR i

BEE, REEARNH. NMET AGE R FERANE ARG, A
i AN RL. ARM HAR CAN BZ&H AR BT Hatb kit

WEE, RGEWRINT . MM TR AT R AT Re
SKOPHT =TT REGBAT T 0517, 49 T RGETF R AITE H S AT55

BIE, REAERE. ARG AT, EZXREM AR
i ARG A R AT TR, TERT B G RS (1 A A
B,

WA, RETEMBOT I AN A T RGNS BRI RO
KL, RN R G M 1 vt 5 SEBLCL A EAT AR 5523, RN R T
0 I RS BT A S

HANE, RGEMA. MHITREMAR LR A5 R, war
PRRAF TR 25 R, 3R — e A Ak

BLE, Qe WRIHET T RS, JFRERSMT LR,



Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways:

1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library.

2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.



http://etd.xmu.edu.cn/
http://etd.calis.edu.cn/
mailto:etd@xmu.edu.cn

