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A EHBRET —E T GPSHEHI 2 R B EERE » GESIR: E H WA T
E B E B WM ESE » DUERCR HENE 4% 2 RN - EBaa% i 4% ¢ 1. Trimble
GPS Pathfinder Pro XRS : FERFRRENHE ~ KRR LU E BHILSEZEHIRY © 2
Wb BA 128 - Rl UG GPS A Bl ELuik 72 718 1R3G5 B NMEA [t
ABCEAE + REEE R T7 M > AR DL T RIS B GPS HT 2 R
BRI B P 25 P AT SR F 2 BGERE - HoMBERIGCIEE © 2856 Ko7
Mrex g8 7« B TSCHREHUAE Asset Surveyor ~ & BlH{£ & P 8K S
Pathfinder Office ~ GISHHB# % ArcView &t PC ARC/INFO © 3 #E Ui SER%
B R EAR R N B8 > RUBRZTSLS00 » {# FHE) 15513 5 ) DUE IR
S8, o 4 TEBEPEHIRLH - {2353 Spraying System A\ Al & ih » BUHR % 744A »
BA =HHFARR R > ][RI oy mll el e Hh A = AHIE S5 A - 5. GPS el
& ¢ PRI RS EATRFEL > ] ABEGGNE HH 1 2 PR AA AR - I B GPS T2
BMUZ BRI > #E IR E N SE R 2 AP - BB 7B RS © 1. BRREER
ENLZ BMEZE @ BRI T ERSHRIF GPS R ARIE] E 1 Sl _E PR Rk
)i Ao A A R L e BT T 0 AT o 2 FH RN AR 2 SRR © DA R0 A
R i A B e T e 2 RS AR P AR — CF R b > FREEZ R #i A GPS #2246l
a5 2) R AR SCnE SRR B A B iNe < T I - 8152 GPS A M F )y M 45 1 BE 7l
W BERRERE - HE—(FEME S A5 R B3 i 1. GPS e (i & Be
it SR > (E R B (B < 35 7E B B AR M (S HY B T T - R T AE
EEAR AR KB I oy (R - HERE B PTIRFFE3 AR LA » 2. E 1%
TME SE BRI A AL KGR RE < BREENE FH 1 1% - (S SR8 N BV s bl g e » [R]HRF I
SEFRWIRAST BNVESD » AT EHIAIMEME (F 2% 5 10— ELME SERRBEAE R fine < 5
% > (B9 VRIS - EEEE IR ZENRARA » AP T R (S -

FREEET « BRI LR ~ AR AN SERE - IEZE IR -
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bEE RH BRI E L - Ak
WRERIR G 2 T BIEHIEH T X
B T RIR J i RN B ARG R 1 IR
KAEVIIRFAE S 5L > Fr s [ 800 =3 A 1
EEH - MATAETF L B SEIR (R
PIREIRE o BIATAER B R SRR R ~ &
TV E RINE B EY) A RIRE LS 5
e R RIERHRFH R  SO(EE R
H——FAH o RdCEE— SR T
B G R ER E R RGR A — R
IR AE RERES - M E B AR > 12
e A HE EL2E (Precision agriculture) B &R Ik
FELE o A EARHRH IR IR 2 22 R K
TEVAERTEE » (8 THROEE N E R A K
FHE » LB Z BRI B T 1 A B BT IR Y
i3z

&\~ BKEREY

— R

F5#E L3 (precision agriculture) e — (&
TR HH [ H AR B B SO AR RERY AN ] - /)N
ONEF T HEE G HIRHE R B AR E(F
Vil 7 i R E BT U2 RS R 0 ]
MRS 17 0B (prescription farming) ~ ##
€ HLBE EL# (site-specific farming) ~ FJ 828
i fi (variable rate technology)% (15 »
2000) ° FEEZ o ECAIRE{E FH S #HE /7
XERE—L > R - il EsEE
o NG R H E AT e - A
B B Rl R IR R 2 5 o BRI A
() AR} A R B ] A s g 8 A S JE 17 T o
Fre Bk > i s HH s AR S Y A =

I A2 78 25 K5 ME J2 3¢ (Lachapelle et al.,
1996) ° (EAGHEELZENHIE T » MR RUFHE
I a5 7 A 7 SRR/ > BIAR AR )
Bl K& ~ VEPIAE RARDL ~ 83 B 3 1
B MRS FELEEENA
(7 ft B A <5 i 2 OB ~ % 4 B S
¥ o IE MR UERZERIRG R - R IERIFYEL
A ERVEW) A A R A R RN B W B SE
e o (A ARG R ~ A REHERE SIREE IR
i = 115 IR £ B (Auernhammer and
Muhr, 1991) ©

A YE 56 M) 32 — 1 AR ERLACRT38:
Pt s 98 R FE BRI RVE A BEORAT » HoRAs
HERES RN & o HEH AR ER
PE FRAAE S - a2 B A H [ i — s
E S P RSy B T e vt e
B SR AR IS B A HH [0 A [R5
MO Bk AR A LG - B~ R~ R
B~ FROR A R E 2R
J&(Clark and McGuckin, 1996)  #f %t 22
R DI E S BRI R » (5L
PREGERYT » il & HH I e ] S R kA )
F) i USRI B E 753 - B9 © FH &
HETHIBARR ~ EE ~ ¥ TR A = DL
FaAEHHE ~ TEPIlmESE » LU El4e & F1R
it HL D R BRI 15 Y (Johnson et al.,
1997) » KEHEELSE 2 R e B i PR IR
IRF ~ 3 i B B 1Y 4 - DU @ B
SRR R
in the right way, at the right place and at the
right time.” FSEERL_dtH Hl - K5 HEERZERY
HEVEFR G — Rl - bt - &
BRAE AL AM(GPS) ~ BhREH B RIS S
[& (on-the-fly data collection devices) ~ i3
BN AHE(GIS) Bl ] 38 2535 fifi (variable rate
implements)%F » JEA FAGYE R ZERETERR

“Doing the right thing,
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FER] 53 £ 4P B (Berry, 1998) © #EAE i 2
QUL 1Rz
1. BERIRYUNEE (data logging)

TEVESERE R F 25 AH R 2 25 AR
TEZERE 2/ NESREYIRMHBRE R 5 FEdS
GPSE R LA B A i Fif HH b AH BR & K o3 A1
i 2 B
2. B EUR (point sampling)

TEHIRETT TR > 257 HIEB

BLZ2 R BR % o
' g DATA

SOIL MAF
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3. B2 (data analysis)

155 EE e s 2 L] B+ 3 [ g 1 GIS ik
NAE M B AR - DLk € FLfR Y FH ALRA
e
4. ZEEHET\ 1B (spatial modeling)

18 22 [ 7> M7 B8 45 288 57 HH Rl B VR HE
» (EH B fif T If (Condition) Then
(Action) ) WIBRLR » G40 : (RIRVEIIR 58
ATEDUEER - ACGHETT 3% H s ENESE ~ fiE
A AIEEE RS -

: DATA
ANALYSIS

..-.-_'f“f"‘f- ;,1_@' NDEFENDENT

DEFENTYENT

A

,ﬁ"'ﬁm

i Derive Relationships
i I
! Balizite Reladonships

=

I (Condltlon) Then (Acton}

| PRESCRIPTION MAP
POINT . SPATIAL
SAMPLING | MODELING

[l 1. FEHERRZEREIEMAE (Berry, 1998) -

R SR SR B PR RS & = )T 1
FEE T (Shibusawa, 1998) :

1. EEEEEREE (describing
variability)

B i B RS AR LR A 2 Y D A8 S
HHEE » ARG B 252 > %5
T LERIFELE

S LT O T 1 = 5 20

(1) Z2[H]1ERY 52 5 (spatial variability) ©
(2) FRFFEIVERY %8 ¥ (temporal variability) ©
(3) THHIEREE S (predictive variability)

B S JHE S 2 T [ 2 ) A8 B A i
o RE & E B2 A I )
TEPIA R EBLAE & ~ MEEBRR A &
Py L FH [ 88 B ] | o 1 HH [50FF e Sth B
AN ENMLE > Ml HGPS 5
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DGPS(Differential GPS)7E {11 A] F&{H1R KK
Bhda o I der 58 S HI n] 75 B5& Ml (remote
sensing) K RY » HAAN AR IGE ~ (F
Py R BACE ~ 17 BORBE AT ER Y
1R IRE 5 11 28 e Y ot it S ] P BV R IR
HEDR -

55 0 R A TR R R s S - R
> 22 [T A S B PR A IR ] ) 88 Lot mT ]
GISHIBMIAGERY © B & & (F— LR TH
WIS 5 > AN - AR PRSI A R
T o FEINE S R b DR R B B
i ] FIAE 2 5 b Y el e 4 P g 1 R
e
2. O] R (variable rate control)

RS T B & HH It 7 72 St R i 1 2K
AN - DR b ] 38 R it A 2 A ZEL (o
[ o

AR PE ARt
(1) fFHACE H It E AR A7
(2) HIEIE BB E A -

(3) HH I I ffE B ] SR i

HH [ (E 1 (7 1 AT GPS € (1 15 » H
VA L [l TRy JR T 5 ] 4@ (4L L e it LY
A > APPSR BN R AS & BRI HE
AAHE A it E e L » (s ol m] S i
P o
3. O REBRVRFRZE R#fi(decision

support system for managing variability)

DRI ST A T e Bt R AR R E LR
VR R B ER R B R 2 TR > RIS H
I P SRS L ) (B 28 Pl i — s T AT Y T
] » SRR (L

— BERMEERR

AR NE R AR R A D
5 DY {lEl % % #% (Schueller and Wang »

1994) :

1. {7 #fi(location)

2. H & i F 4577 & (setpoint map)

3. ¥E1ill#3 (controller)

4. E#) 75 (actuator)

e 7 R A T RE 2 1 B IRE B 7
B o H & e E 2 Re s it 7E H [ ki B
7 R A AN (] P A AT HE O M 2R > eIl 38 0
JHRETRE A HINERE 2R R B B 28 > 2
TR AT AT ER Bl 3 FE RE RIIRE 72 A2 21
BE » LA AN nTBiRiY o &2 55—
B (%) e 5 e 2 A8 AR U SR #E (Clark and
McGuckin, 1996) » K517 Bl & & E £ 5
SN A o 1 BV (IR M B 2R > O
i B (RIS BE A 2 1T AR I IR A &
BN IEF 7 43 GPS(Real Time Differential
GPS,RT-DGPS)E {if 2 # afl ik LAk H Ve 4
BHIIENIE > WA GIS B .2t s
I o I EE FUEET H AR I R 2R
I O M AR (e e ~ BV LU T H
[ 7 Bl S S o AN SR AR
{EMEEERE T E R & HrER) /72X (R E
WA E S RISER » & R 20 A ELK E &)
RAEWRE » — U ER S e SER T B[R]
IRFTERK

TE R E T3 A5 R IR 1S TR T 2 e 1
PR TEIRE > WA« 42 = R MRS I L
(o LA B LB e i LIS TR R
FEURY (B0 gt/ PR S /T ) ~ MR SR AR 1)
FH (i AT 32 e LA AR BER 1) ~ MERVRR S %
BE R A A €S UR el
W) o EHSAIELERETT S - HIISE 2 figEs
HA SRR 5 ) - K B RER S
FER EEL o HHAVE BERLI B R M 1 12
5 HAE IR et BL A Ha N B & - 5 — i
e Al Fc HH 2 BN S Y B RE s 1 S1E
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| | ]

[E2. S#ZEGEE A4 (Clark and McGuckin, 1996) ©

Aij B 728 il 4l 18 2 # (Schueller and Wang,
1994) o 7£ T~ HITEDL N 75 AT EHE kI
{EIRFR]

(1)EFEERRA T B A R o

() % Wi m A 38 BRI (] o O

(3)H [ M SE R g ok -

BEAt o MEEERLA TS 1S 6] R B IR FF 2
SRAT It L 2 T T 2 M R Y B R
% R R R AR ERE o

2 - BN RERTS A

ZN A DI > 35 R DR oy Ng 573 i
Bl
1. 2 ERE 7 B (GPS) H RS F R o
2 JHNE R A ©

—  ERENCRAAVEEE R ERREER

1. Trimble GPS Pathfinder Pro XRS
SE8] Trimble 23 Al 3% AT #5E R GPSHH

fF > BEAEEL > FEELEE - BRI ~ RERAN

IR E RIS -

(1) Uk - BA 12{@4H3E (Channel) ~ #
IS BLAB(LL » 1573.42MHz) C/A-code
1 Hz & FHEHTHZR (update rate) ©

() K#g : B2 thFHR L LT
BRI B GPS T A AR -

(3) BRHILEE/FEHI 2% (Trimble TSC1) @ A%
B E 2 BEYE - H2MBERIECE
& A[FFHPCMCIA FHEFE -

(4) EIF : EFRHESDCI2VA] EELE
APRE M2 E » IEHF TE Al {EA /I
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(P EMETHE) -

2. BRESER D

(1) TSC1## {E ¥k #8 — Asset Surveyor
version 5.0 : f%Trimble /> A]flf Hi & 2
Pathfinder 2 BKE (1AM HHI RS o H
R — it < BRAFICHE > (0 ATFR e
SEE A 0 RS 2 B ORH I B /PR 2
(TSC1) | » HITSC1 b 2% B E R4
HEE o

(2) BRHLE P #CHE — Pathfinder Office
version 2.51 : TrimbleZ: A] At /& 2
Pathfinder 2= ER 7€ (i R AR HKHE » & — 14
BB - BHERIEE
f(‘ o

(3) GISHHBJHHE — ArcView version 3.1 :
ARCView g H [ ESRI(Environmental
System Research Institute » Inc.)Z) &P
Wy —& 5 E R B AR - BE
STl BRI B R o

(4) GISHHBIH#H#E — PC ARC/INFO version
3.4.2b : PC ARC/INFO71 % 3EB ESRI
INFIFTHE R » BMS-DOSTEHER#
HL R B 2 e g A A O 50 38 A i 5
{iH -

— - FEIERHR

1. FAEEE - AR R EAE R EE K
i % 5 W I 9 2 1% B B 5% 57 BECAY R
ZTSL500 > A5 #EHONDA GX390
GCAARIPYTEFZYIHG & -

2. WEEEREE - KRS R TS-80 B B i
TENE LA ) B A > LB R R
S| 8 L) Rz A ) o

3. 1R S BE NS BRI AR A« ME BE R hE K
il 1.2m/m X35 ~ IR/ 314em
315em ~ F1140cnfEE 8 2m °

= BESA

HhE o RS BT - A PEE R A
BRENLAM 2 EHIEZE 55 _REEE AR
WE 4 B BT M fiNE
(—) ERENRRBEAESR
LERERE: 5B GPSIMH

Trimble ProXRSHJFH{E B Ad FH /712 o
2. GPSEMIES :

B REFSARENL © B HEAProXRS . ZH)
RETENIFHIE o EHE—5RAT A IR AR GPS
AR P R A 1] 7 A H L o

SRR AR ~ BREGEL A 740N
it :

(1) B&AR : B RERRZ -EBERG—HFE
A= —/MIRFR — BB AR K8 — 7 4 e
— X & — Ak L& — FE T AR B — MR
K38 — FF ISP — A TR R = — &
B g% — K i AL E e (L JHI) — ZE RS —
ZREY — BN — K & 4RE
(T — FEPE & — At g — At LS HIFT
—HillE — oA E - BEEER &
KAWSR

(2) BREE « ERAR A REE Y 2 E Y e A A
% H XA = 288 Ey 0 i

HMBREAE -

(3) EWEEH : 1% GPS K KR Al B[]
{E—HBMARCH B Hi[HZ 2 fmfrpuly - $2
Yo b LR v [ R T LA 0 1 S iR
SIf7 fi AH B 42 U AR E (ARt BRI -
manual 3D » EN[EFE2F : TBHEEL
TEREZEE) » REEYR BRI TR

@ FERaHN - A A GIS H & ik 88
ARCView E 8 5 K Bl 2 [t 215 8 1=
BT AT o Sl A AT AT RS AR EE AR
LUT fpghReiis -
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1. PR\ AR 2 R PR A S
P I 2 B A R B I

2. J4ECHE A GRS IR -

3. BB EER | ST 2 B
(A R 28 -

4. TR A S 2 A [T

=
an ©

B2 - FESREAEUH

—  BPREISIRE I BAIRR

15 B W B R LAY e 3% ta k) )7 =N
ik Z = HEBE ARG L K F- PDOP(Position
DOP){HANE 3 A7 » & Hh el AT 5 R
AR BB B B ~ B E RGBS P B2 FR IR
Sral i B [ GPS Kk 32 B =B # » 2
{42 MACHA, mT R P 20 fofe B0 o ) e 22 B Ok
DI PDOP{EA 8 RHITE I HE »

S L] N RO AT

MR g

1T R RIS S 2E0E T IR GPS KR 5t 2 2
AR B E E AL o DU T EH B AR E —
it > FLrPIERZ AR R iR BOE AR I o

BAREMR -EERG -8 E -
/BB RR — AR R — T 2B i — 5 X —
Fit L1 — SR A — B AGE — At (LS 0
[ — NS = — BB B — KI5 = A
(B AR — AR — L RS — RN —
A R AR I (T 1) — BRI — Jik 1L —
FiF LLESHIFT — Bl —# S 20 —BE S
Bt — 5 KL

A E IR AR AR 5 K B2 Rl e
qnlE 4 ~ B S A+ B T A Bl e e
REMEW G » (BB SAUE T A5
A= PDOP{IH 3¢ 3 #iE72 0E (L W 16 2 HH AR »
I L GPS F R ME — RS T BAE LB
IR fak o

S F A FLAT A o 'F R[] 3% R L B
(PDOP <3)#IF - Gl 4 Hr ARG LB
B - BT ERFERERE (LA 22 0 iy

T A BE A B T
Pdopii_snp
2115
M :.-5-4

' a = Bl
« BA-T.8

3. HR—ZHRESZ EHIRHR -
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4. 5 OKEE SR E SR - [E]5. 2 HE S I i A e R o

e 6 Frrs

RIHEEEE = 0.0025° X 109kmn=272.5m
1. BEEREAE=0.0025° E

2. AR =0.00002° N

ST
R E G
M EA
250916 -
2501914 /
jl
250912 l
I
1
g 20M o i S i‘i -
E] = B ERE
Z 250198 / >
: i @ ER(AH)
= 2501906 ! !
Il ] 1
1 I 1
1 I 1
2501904 \ !
t
1l
2501902 ﬂ’
|
25019 !
1215265 121527 1215275 12158 121585 121.5% 121,55 1215 1215305 121531
Longitude(degree)

f&l6 . MEFAAGE A [l S B A o

BTHIEEAE=0.00002° X 110km = 2.2 74 » HERREAEE KRESEAERE D
m > B TERERIRE REEE o BIMERER R ] L B R E

Bga = AR AR A o &G R ZBRIEI L -
fr o LB G R - R B R A A R FE L ER Y AR RS BB RS (3R

ArcView U & B HEAEFE > PDOP(<8) 1% » wb Al BIEE AR EHI & (130 3 28 R 3R
TERHEZ BIE T T R R E B & A - 7o o BN SE I AR S ER 8 A KT

B T A RARY SRS AT 5 0 CReimSEHEE ST D6 > i
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SEECTB) SRR - BRI R A T 3%0E
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S E b i) & e T LASRITF A Trimble
Pro XRS MJHIREE M IEEIHIER Z 3 AR
A 0 38 R E A8 2R e S A A AR =
SERE AR € (85 [ 2 PT1THY  fEGPSTE
i BB R 20 By 2[Rl 1 ER 72 CAS HH 22 0
ERIFTIARE - H A B RTAE AT ARE £ 25 2
i E A ALRFE] 200055 H 2 H B _E /UK
SAKUIERAPH » FE2 IR0 & &R RE S G HE
{6 FH GPS "E AL R A7
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At5E L EEE R R TR RS
S T HINE S B MR R AT W) D aRET - RS
T B GPSRE N B GIS AN A U B G
FEE SRR /1 T > PG S N 48 E
WESRAHI R - (MR AT B A 12
TEEAVPER o HGPSE i B Bt SR EET »
E BTG MR (S ) B0 5 i LA B )
REFAE3 A RLIA -

RARAESBARHANE R FER] L & U
183 GIS 7317 o ik ik fes 5 L . [l gt ) 155
SEH it < shPHERR > FE PRI SE e b 2R
GPSEULE S E 2 fE HHUH [ > BV
G5 B E A S ek R AN [R] Y H A e - )
H1 GPS HITHRF A2 (o7 PR AT (5 72 B 3 2 RO Lt
GIS [ Fegf P a3 H 2 A (] o B PR AR DA
WES 465 Ff1 Fft iR < FHI [k > 317 7 308 6 ) e B
W DLz B A e o ~ @ s R H
fy o
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15 CDevelopment of a GPS-operated sprayer
- Spraying at a destined field and by a
fixed flow rate

Ying-Tar Liao!, Chung-Kee Yeh! and Lien-Sheng Liang?
! Department of Bio-Industrial Mechatronics Engineering,
National Taiwan University, Taipei 106, Taiwan, ROC
2Department of Agricultural Engineering, Taiwan Agricultural Research Institute,
Waufeng, Taichung Hsien 413, Taiwan, ROC

E-mail:ckyeh@ccms.ntu.edu.tw
ABSTRACT

The purpose of this study is to establish a precision spraying system of the
boom sprayer that can be controlled by a GPS. The sprayer can be operated at a
destined field by a fixed flow rate. The necessary apparatus and instruments
include:1) Trimble GPS Pathfinder Pro XR: includes a receiver, an antenna and a
data collector/controller. 2) Control and analysis software: includes Asset Surveyor,
Pathfinder Office, ArcView and ARC/INFO. 3) Boom sprayer: manufactured by
Zetor Co., Model: ZTSL500. 4) Sprayer control kit: produced by Spraying System
Co., Model: 744A. 5) GPS controller: made by a domestic Company. The methods
are: 1) Actual measurements by GPS: Positioning by an actual dynamic path. 2)
Actual operation of the boom sprayer in field: a) Coordinates saved in a CF card by
means of a computer. b) CF card inserted into the GPS controller. ¢) Boom sprayer
operated in field, observed whether the spraying valves are actuated. d) A signal
lamp mounted for the purpose of monitoring in a long distance. Results and
Discussion: 1) The positioning experiments of GPS show that all the errors can be
kept within three meters, either the error from the static positioning point or the
error from an actual measurement by various dynamic paths. 2) When the boom
sprayer is operated in a destined field, a lamp will flash and rotate. The control
valves will be actuated simultaneous for spraying. If the sprayer leaves the preset
field, the lamp will not flash, the valves will also be closed and the pesticide

solution will not be sprayed any more.

Key words: GPS, Boom sprayer, Spraying control.



