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ABSTRACT

With the progress of society and the development of science and technology,
especially since the 18th century Industrial Revolution, the capacity of human in
exploiting natural resources increased continuously, meantime, the fuel consumption
increased sharply. During this time, a large number of underground mines are exploited
and smelted and the industry is highly developed. On one hand it can promote the
development of industry and agriculture greatly, however, human activities cause
dramatic changes in climate and the frequent weather disasters, which include storm
floods, droughts, tropical cyclones, frost and low temperature freezing damage, hail,
rain and fog and even sandstorms and other disasters. Shandong is a major agricultural
province, and drought is one of the major meteorological disasters which caused
agricultural production dropped. Soil moisture is the main factor for crop growth, as its
conditions impact crop growth and yield greatly. The traditional method of borrow is
time-consuming, poor-represented, long-cycled, Inefficient and cannot meet the needs
of modern agricultural services.

This paper gives a detailed study to the provincial radio-based automatic soil
moisture monitoring system from three aspects: the system functional requirements,
non-functional requirements and system construction feasibility of Shandong Province.
It also analyzes the current situation at home and abroad of soil moisture monitoring
and discusses the development and contrast of soil moisture detection technology and
wireless communication technology in depth. The article describes detailed from three
parts of hardware design, communication network design and software design. The part
of hardware includes the observation site, equipment and instruments composition and
application principle. The part of communication network includes network design and
architecture section and implementation process. The part of software includes the
design and function modules complement of  provincial automatic soil moisture

central station based on C/S structure and the network platform display of soil moisture

111
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monitoring based on B/S structure. It focuses on the design and implementation of the
various systems of data processing, remote control, manual processing and real-time
monitoring of soil moisture and other provincial automatic central station modules
design. At the same time it shows the data query, browse, download, statistical analysis
and other functions of automatic soil moisture monitor network platform.

The construction and completion of this system makes the soil moisture
observations in Shandong Province achieve a qualitative leap from manual operations to
the detection process through automated detection equipment and real-time detection of
wireless transmission. The intensive storage management of the high-frequent,
high-perceive and multi-site large data enables users to obtain the required data
elements and associated data analysis chart in real time via the meteorological network.
At present the province's 123 counties have been completed several of observation sites
which have provided important data support for the agricultural production and disaster
prevention and mitigation in our province and have provided quality meteorological
services for the majority of farmers. It will also enhance the ability and level of social

services greatly.

Keywords: Soil Moisture; Automatic Observation; Data Transfer; Data Applications
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B EEE e — B LS AR KE ., HIRAENERE . IRER KX,
EREBOKSEFRE. RERRTTR 49 Fin, Hoipdh (1-8) KIHEESE
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IR K ZER L2183

FRERT 7T 8 BRAMRTEEER.
R 49 BRBERBOTER

2R FRA KR KA | = | #
s Station_ID varchar 8 N

w4 Staname char 8 N

H #AaT (8] Date_Time datetime | 8 N
BIEKE (1-8) | volume_water (1-8) | real 4

HXTEE (1-8) Humidity (1-8) real 4

BEEE/KE (1-8) | weight_water (1-8) | real 4

AHCHE (1-8) w(a]te;-;mkpﬂe real 4

4. REREZ T

AL B 5 RS SERT R LB SR /INIAR 25 SE I R AL 28 /RS
RREAERPHFEER RO -8 SFERMEXSES, WA, WmeEE.
ERBL. MRS, BERE. ZENNER. EEAERBREMRERRE.

HEFEMEART R TER 4-10 Fiw.
£ 4-10 REF[ERITER

5 FERAK XK NN E Ak

5 Station_ID varchar 8 N

¥t 4 Staname char 8 N

BuhRR Station_style char 20 N

B it ] Date_Time datetime | 8

fERER User_or_Not smallint | 2 1: fFH; 0: &5
L ARZS Net_link smallint | 2 1. LiFi
HEBEE Power_volt real 4

AR Data_lose smallint 2 1: B, ER
BOHi—ICRKRT[E] | New_time datetime | 8

1 # {EERBRE Sensorl_status smallint 2 0: E¥:
2HAERBRE Sensor2_status | smallint | 2 1. HpE;
3HAERBRE Sensor3_status | smallint | 2 2: =R

4# ERBRE Sensor4_status | smallint | 2 3: K
5#ERBRE Sensor5_status | smallint | 2

6 HAERBRE Sensor6_status | smallint | 2

g # HRBRE Sensor8_status | smallint | 2

RED/KRE Host_status smallint | 2 0: IE#; 1. &
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Es5E REXHSMR

5.1 BRLWMAKSRALEREE

WHREMEFS LKA AN B R T ERRESATEE SR B LK
SRR, SERFREE Ui LK BIE R AL BEBSRE, FHTIFME. L. R
b ER SR K M BB BRI BOR TR, A RGEA DZN1 BE3)
3K I

i & 2R F FDR B 3K - M B A RS M s A A MR REN B L
KOG MBEBRE. ARER. HRS. BEEIBEHERNETHK. 7K
EEIMN & ZH R RERESKE. DRAMEBE. HREBSKER, LRARK
SEFERRENBTREER, FamEmris.

5.1.1 WAL %LU

SRk B, T E AR Lm0 T At R R . g
Hb R R A AR R A R WL 3t BR — 22 8 XE A 15 B 3 3R AR 33K 23 L B2
—EMEAESN, HALER. REFRITR AR S MM R . BHE
EHELLT LA A

1. friEh B LR Re i AR A X () E B AIRKA, JURERBEMSETHE,
REARR AL X BRI T LK 70 R AR AE AR, (Lo 3th [X 058 S A
T BFABUKE R,

2. i REHBREEBRNY). EE (ARMEER). KIEEME 20 KL L,
TR K REK.

3. {EMIIMER, MEER—RADT 0.1 2.

4. BEEIME, HIR—BANT 10mx10m; WBRLRMELFAER TR
., AREMERLE, W EEHL.

5.1.2 NAWEQFLN
B EERT, fERRSe % AL 18CM A, A/ 1.2 4x0.7
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Kx1.1 K,

RN R 2 E P TH IR L AT E LR AR, £ HREH

FARE AL B LR BN E & BB LR EM A, FRATHEHUSEE
S22z e AL A ARG, RS IR I BT R R TL, ZRILIIRE Y 18 K.
1 & F ) AR S A6 R BRI N e fL . S RS IRANEUERE S, Bl
BIEE G HHT LREE T, W@ REREINE 5-1 fix.

B — 5N
B 5-1 DZN1 B 3h 357K 70 Wl sk

LI 3 2 15 52 B ST AR R4 BUEALER . BOEAERE. BonREE. 2R
BRETAE, KRS ImE 51 FoR, @Y

% 5-1 DZN1 B33 K 0 il b Th e ScIliER

ThRERE SR EAR5 B
G SERT BB RELFOK T HIE, B 1 METRIESR, § 10
HERE AP BB B BT IR i 10 MR ILIIME, B3 6 A 10 20 Eh WAE )
A Sz e a5 E .
35 4h 5 LA 8 59 H 3K SRR SR &R, RIBTUEE AR L RSE, 1%
BHEARITE R LRESE/KE, HNEE. THKIFEREHFE.
HAETFE WHEFRAE CF £, T76iE 60 K3 S S 55 AT 8, RN EN.
_ MEReS LT UL B B TR RE, " B iR i E BE o H
SN R ——
LA A AT i R AT R TR R F A4 bl b, TR IRELE AR IR, bAoA
HHRE HUAT UL e A0 (X A T S 400 R B . W E MU RIS 8: WE

LA 38R 7 2R B B R % B T Rl el ke s O B 55
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5.2 BRI

FU AL RK S MPEEE TERALEEER, JEXEREEERX
%% GPRS @RAAETERHELELBERN RS, AWA BT HTEHH
HiE. #d@id GPRS BEMAERE. TLEBFNBHEERREHR, £RHED
X SEIE R AT AR R o

GPRS HUEMLHIMER 2 AE & WM T B85 N, & GPRS HUE&mK
FEHM, ZRIRA U A E PO TR NS EE, RBRBEARERDR

5-2 FioRo
% 5-2 GPRS ¥ EMEIHE AR BIEER

ZH Ei=L2)

WORA. RS232 HIEAI: 8 FiEfr: 1 KRA: £ W X
BUEEEOSH | #HE:  300/1200/2400/4800/9600/19200/57600 ®] &
BiEEwTR: ERERMUER

HiifBE: DCI12V

BEEH | Thmm. SNER. 20mA, (EHER. 26mA
X% INTERNET Hik, FGH i B
R IP HEFH
TR PR
| AP EE R RAERAEw) >98%
Bt WREEE, AHRAREEERL, BEELE. BKE.
TS TIEEE: -40C~55C

FSHEEE:  95%(LEES)

5.3 €RAMLIIKRD B OIKH

5.3.1 SHEBRRLR

RosHR%E, ERALINXAPTEHLE. BEEHSHRE. R4S
BOREM LASBRESATEH#ITEE. RAEEANRENN S WS H0HITH
. BB, BERREFRE. SESHERERATNE 5-2 fim. RRAEEAREN
RGESHREMN LA SHHTR BB SURE.
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K 5-2 SUESERE R IEE

5.3.2 MiBATEERITH

KRS ABEE R A TR P OEAERTENS. HIhEERx
A K D & FBEE 2R RIBATIRE . RIS, £65. 7TE. k. EHSs
H,

150408 b B A ST IR
MR £ Ja A2 B T 38K 2> Bl A A, 2 R /N B . 4r6h X

ML WEHRSEER/NLREE R N EEE R85 0 i i
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sHIZRERCE, mE AT REDY 1 e ERS . R EEE R AL B & A AR

(1) ZEFE I EE 27 s
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M3k EERE.
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IR K2R £ 22 18 3C

T HRIK G /I WL A R R SR AR AR A B E A 1A, 1] R iR R A
W& (AT A ERE YEIE B B S . RARTE MV 55 B b SR A e S 2 A
AN TEERIT 1 /A, EETHBRESEHEN, RHE I ERERE &%
ACE AT HE 24 /N P/ S0 R B R, 0 BUR B B RIS K SR
SR, HM A HOE T IR SR Y B AN E TR EAE R T R
TiE. HREERGERAHAANHENERT, —BRIAIFALIRERTHRALSE
7, BOTEE.

Srer IR B R ERAR, 2B L SR AN S B A b B A — B
FO BRI R B RER S WM EE, @i ERRIE SR NE R
JEABETZENRELCETE. SHRMNEERSE LT ERA SRR,
R ERREET, A B Ll &Ll a S NMEEnER. i
KA. HEEAERERNTE 5-4 Fin.
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BEERARRE

REBELRE

3
<:; p— 4;)0”’_ p— :mmww; 1 sgme
B 54 5 BRI BE A S A2 A
(2) REERLELI
THOKS R EREAE AR TS . @& o E AR S B AT SeRf
BIEMANFERE, BT ER. DNEREERREFERE D O S
B, mﬁﬁfﬁﬁam%a%%ﬁrhw@mEMMﬁg$ﬁ§H§Aﬁm¢w
KA 85 ANERA S R B MG RIR, Bit T @A E RS B
ABUWRFZA XXM (TXT X)) &, #AT73XHFME. SRS E BB FR—
B, IAEMEAGFE. DEPRERE BABRENTE 5-5 Fix.
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L
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( R RS ><—> SRR

A

TRAEER
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A
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B 5-5 DEHIRESE BB FER
2. B R B4 R SEIL
REMERVFER, MNHEREEHFRARERE, PIRENERER
BB, Amign kAR, RERERDTE S5-6 fix.
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REZELRERIT KR

BEEELRANEE
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R R LA RS

B30 3K MR 5 NEST 10-100 EKIFESER HIRAREGKE. 13
MXHEE . LREBSKE. TEEZKSCFERTHRM, F—ERN 10cm. &
ZBEAR20em . EZERN30ecm ENERN 40 cm. FHEHN 50 cm. FHNEN 60 cm.
ELERN80em. FE/NEHN100cm, PMTEEMSHEBERHA.

3. BIEAEAE

R ARG LIBAREGE 5 ABIE EF R U BRI L. BIRERMERE
P& BB, XTHRFHIEE N SRR REE R

S5 E LA B M EIEERGERNS SEER. M EBEERLHER.
TEBEERLH R, NPT R TR, WIS NPRE TR R, &
R IE R E (S BRI R R ot 5 B R A VR LS B RS BFTR
B, W RER BN & HEEBAN MM ERFRT.

AN SRR B S R A, BTN RS, RRXEE. £, A=4H
KM, AEER. MIREEE, REEEFHPAR, FREN. HERA.

4. BHETH

BUEITEIIRER LI /N . -0 BOEE F1 /N IR A B AR TXT R
A F R/ NPRESE BT A B R M A RERATE 63 &—6 TXT X,
A TRBEAREME. WNEAE SN KIREE BB BLE 4 KR
XA

N E AR T AR B EEEREEANBEERAMNNEHER, #
B (P EF B LRK R B ERE WP A — IR R TXT
BAXEH. XHABFTERBEXSES. 4F. 2F. HBRRESE. £EL
BAK B RARR RMRIEE S 35106 HEHA | MEATRRIL 486 £,
S ANERAE/N K B OSBRI NNNN<CR><LF> &R 7R X4 K
X BIEEKA“Z_AGME I Hiii_yyyymmddhhMMss_ O ASM-FTM.txt"# ..

LAF B8 4 B0 A S RS Bt

Public Sub Save_to_txt(TzNum As Integer)
Dim s1 As String * 198

Dim i As Integer

Dim k As Integer

Dim pd As Date
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Dim s As String

Dim SavePath As String
Dim filename As String
Dim filenum As Integer

On Error Resume Next

SavePath = Tzcs(TzZNum).CPml
If VerSavePath(SavePath) = False Then Exit Sub
If Minute(Tzsj(TzZNum).SjSj) = 0 Then
FIESHE
pd = Tzsj(TzNum).SjSj + 3 / 24
filename = SavePath + "\S" + Tzcs(TzZNum).TzNum + "-" + Format(pd, "yyyymm") + ".txt"
If Dir(filename, vbNormal) = "" Then
Call CreatNewsFile(TzNum, filename, pd)
End If
s = Format(Tzsj(TzNum).SjSj, "DdHh")
Fori=0To7
If Tzes(TzNum).Bs(i) < 0 Then
s =s + Format(Int(Tzsj(TzNum).S_Tjhsl(i) * 10 + 0.5), "@@@@") +
Format(Int(Tzsj(TzNum).H_Tjhsl(i) * 10 + 0.5), "@@@@")
s = s + Format(Int(Tzsj(TzZNum).S_Xdsd(i) * 10 + 0.5), "@@@@") +
Format(Int(Tzsj(TzNum).H_Xdsd(i) * 10 + 0.5), "@@@@")
s = s + Format(Int(Tzsj(TzNum).S_Zlhsl(i) * 10 + 0.5), "@@@@") +
Format(Int(Tzsj(TzNum).S_Sfzcl(i) + 0.5), "@@@@")
Else
s =s & String(24, "-")
End If
Next i
s=s & Chr(13) & Chr(10)
If Len(s) <> 198 Then
' Call LogError(Len(s), Tzes(TzZNum).TzBasic. TzZNum & "S XK EHIR")
Exit Sub ’
End If
sl=s
filenum = FreeFile()
Open filename For Random As #filenum Len = 198
k = Day(pd) * 24 + Hour(pd) - 19 -3
Put #filenum, k, s1
Close #filenum

Slog = Format(Now, "yyyy-mm-dd hh:nn:ss") & " " & Tzes(TzNum).Tzmce & " $iE1F
ACASAE
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Call Write_Log_File(Slog)

End If
End Sub

5. BiEtem

BITRERX A2 K EEREDBRT, ERAGERSH, RAREEER
RJE 3 AHRERODERPRSFEXS, ANETE FTP FREREERF R
BEAGROABRTHELRETER, £RxEAE R —RERERENZK
EIsh A% faidE 0 H RSO #AT L, B — BB R Z SR E A — B R %3
., REAREEE . RERIUTERAG 3 248, 7 7080, 26 7800 55 353847
— IR ERBIE, RIEEREFEERAT.
5.3.3 EREWBRLH

FRALMEZ G A SHER, FAFERTHRENES R OESE
—EE. POERASINAMNSEXSREESH. FasENiERRE AR
Xto FEanTE 5-7 B,

- cPrsMGEERMRRE (20X

.L;i A ATEE" I%“&PPPCL\.JS —vj :

 HEXRESBITEER
lm

EIEERIRS

B 5-7 %4 la] KR ik B 57 A
CATF R A2 AT B (A (8] PR R ARG i it .

Private Sub Command1_Click()
Dim s As String

Dim TZN As Integer

Dim i As Integer

Dim J As Integer

On Error Resume Next
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If Combol.Text < "£# GPRS 44" Then
TZN =201
If Tznumber > 0 Then
For i =0 To Tznumber - 1
If Combol.Text = Tzcs(i).TzNum And InStr(Tzes(i). Tzlx, "DZN1 2 5 5+ 38K 53 W
Ji{X") < 0 Then
TZN =i
End If
Next i
End If
If TZN = 201 Then
Exit Sub
End If
J=TZN

's = "<F20020000000000000000000000000000000000000000>"

If Val(Text1.Text) < 10 Then
s ="<F150" & Trim(Text1.Text) & Format(Now, "yyyymmddHhNnSs") +
"000000060000000000000" & Tzcs(J).TzZNum & ">"
Else
s ="<F15" & Trim(Text1.Text) & Format(Now, "yyyymmddHhNnSs") +
"000000000000000000000" & Tzcs(J).TzNum & ">"
End If
If Tzcs(J).TxFs = 0 Then
If s < "" And HDF_MAIN.Winsock 1(TZSTATUS(J).Socknum).State = 7 Then
HDF_MAIN.Winsock 1{TZSTATUS(J).Socknum).SendData s
End If
Tzcs(J).SSREADINTERVAL = Val(Text1.Text)
End If

Else
For i = 0 To Tznumber - 1
If InStr(Tzcs(i). Tzlx, "DZN1 £ B2 -3 /K 53 WM {X ") < 0 Then
J=i
If Val(Text1.Text) < 10 Then
s ="<F150" & Trim(Textl.Text) & Format(Now, "yyyymmddHhNnSs") +
"000000000000000000000" & Tzcs(J).TzZNum & ">"
Else
s ="<F15" & Trim(Textl.Text) & Format(Now, "yyyymmddHhNnSs") +
"000000000000000000000" & Tzcs(J).TzNum & ">"
End If
If Tzcs(J3).TxFs = 0 Then
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If s < " And HDF_MAIN.Winsock I(TZSTATUS(J).Socknum).State = 7 Then
HDF_MAIN.Winsock1(TZSTATUS(J).Socknum).SendData s
wait (0.5)
End If
Tzcs(J).SSREADINTERVAL = Val(Text1.Text)
End If
End If
Next i
End If
Call Savecs

End Sub

PR R T AE & P Lk RGN BB R & IS K I%TE S, XM
B AR R AT R AR, FRRIE IS M E PR HERS, B RiHiRE<30s. ATLLFE
By ) % W s 330 4T 1S IR BT TR A
534 ATSbEREREH

HAREF LK BNRGERGE, BB BERERETEEZ L
HERMEPESSR. PERMEAREAGARTERARELR. KERSK
T2 AR B AN E IR A2, (A R B RSO TR, TEwEE
Pl 55 ot BiE A fa s R R ER . Bk, Bt T RS EREEER, SeELET A
TAEEMRAN, REBEERIN R, KT EEE /N 5, 48
BN TAHE.

1. ATAVEHE

ALHEHHERRIBEREMUBEREZNLIE, BHTFNERF L RENERR,
LR B EIBER PR R RESR— AT LURTE 60 REH /N BUE
BTRS, AENERAZEERAG, FOWE R ERS B KIEEN RN
Mk, REFJFRIES EEREIEE N REEEERES DO, IEREE
AEHNBERERERE, STHEIERES AP O BEUE IR REBTHIE.

£ TR P R B oLk RGN R i oK T A R Rkt , AT sk
FRMBETERBEKR. MEIFREK, TIEENE MR 20N 55T A BEEm
WELR . RELRPE, EhOodPEHATHENMEREDEE. TUBES
AP L AT R BIE RS R, BEAERBAF A S, AT EE AL
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i TR R 2B 2018

AR RE WS, ZFE—RRAKE. WRGHE SRR ERE BB RIE,
REANHHATR BB RIIHIFIA AT R &), AT SEI R SR B 2038 I i #h 22
CATF R A Tt BN BEHE A REFEAE &

If Minute(Now) > 58 Or Minute(Now) < 1 Then
respond = MsgBox("$UIE K ER ETEH TR S FR,FT TR S G AN ELIE, 64, "1R
wI")
Exit Sub
End If
If Tznumber = 0 Then
Exit Sub
End If

For k = 0 To Check1().UBound
If Check1(k).Value = 1 And Check1(k).Visible = True Then
For i =0 To Tznumber - 1
If Check 1(k).Caption = Tzcs(i). TzZNum Then
J=i
End If
Next i
s = Creat_Zdby Commond(J)
If s < "" Then
HDF_MAIN.Winsock I{TZSTATUS(J).Socknum).SendData s
wait (0.1)
End If

End If
Next k

2. FEhitha

F LR RE U FRMER R

(D B3HFRIBIFCER TXT X, EAHZEODBZTHRARES
fehi.

(2) B3RS BIET AN THEN T RRERIE, BEEREREE
i, REAFIHT BT ARG SRS,

xt ERPRMER BT T EERAE, 0 TE S-8 FR. AU EARNE
HREREER BN GHFATERRIA, F X FERNN REITEERIN, 2
JE IR IR E B AE SR, RERT)E IR B F B A B AR U IR RIESE
BB o EUARR Z SUHFRAEL, BB Wk EJF 45 TE I BR & 8 H
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FMNTIIHAT RN, HERE B AT HRET T U RFEA L.

w FROHRiEs BRI

- B %R
Bi%R: pzn B B TR AT ]
R [2Hal <]
- AR AR]
 RHEETIR: 1?0145095135 1088 =

¢5PRAYIR): [20145F09 R 14 1088 =

B 58 FaEmrmaEE
AT 2 SEI A L K 3% _E A% SO R TR AR B R T

Dim cdt As Date
Dim bt As Date
Dim et As Date
Dim C1 As Integer
On Error Resume Next
J =201
If Tznumber > 0 Then
For i = 0 To Tznumber - 1
If Combo1.Text = Tzcs(i). TzZNum And Combo2.Text = Tzcs(i). Tzlx Then
J=i )
End If
Next i
End If
If J =201 And Combol.Text < "2 & ¥4" Then
respond = MsgBox(" 5 Ui i IR, HRE!N", 64, "IRR!")
Exit Sub
End If

bt = Format(DTPicker2.Value, "YYYY-MM-DD HH:00:00")
et = Format(DTPicker].Value, "YYYY-MM-DD HH:00:00")

If bt > et Then
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respond = MsgBox("A2aR BT 8] B2 /N F 8RS T 4 R A (AL iF R &L, 64, "1R/R!")
Exit Sub
End If

MousePointer = 11

If Combol.Text = "£ & 44" Then
For J =0 To Tznumber - 1
For C1 =0 To Int((et - bt) * 24)
cdt = Format(bt + C1 / 24, "YYYY-MM-DD HH:00:00")
Call CREAT _scwj_from_datebase(cdt, J, 0)
Next Cl
NextJ
Else
For C1 =0 To Int((et - bt) * 24)
cdt = Format(bt + C1 /24, "YYYY-MM-DD HH:00:00")
Call CREAT _scwj_from_datebase(cdt, J, 0)
Next Cl
End If
Dim send_Flag As Boolean
send_Flag = False
send Flag = FTP/TFTP_send
respond = MsgBox("F N4 iR _EAE A FH RIETER!", 64, "TRIR!)
MousePointer = 0
End Sub

3IATNE

AR F EH BB ERERE RS, EARNBEARLE, X REE
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B3 K SR R E SR .

5.3.5 SR EEERRTH
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N EERE RS E R EPOSERGERATEFRT, BTRARZEARA
VIR E, KRETHERSER. SHEBERREXRFRRGET T, REEHEAR
MIZERZHESR, FH@EIERMERRR. ARBEXS, HEHTHE
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B30 3K 7 I 48 &R F WEB RIS, &4 REM kAP LLE
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