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Table 1-1. GPS absolute error budget®
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Source

Error Budget (m, ft)

Space Segment Clock Error
Control Segment Ephemeris Error
Selective Availability (SA)

Ionospheric Delay

3.0m ( 10ft)
2.7m ( 9ft)
27.0m ( 90ft)

Troposheric Delay 1.8m ( 6ft)

Usersgment """""" R féé'e'{v'é}"i\ié}'s?cm"""'" T
Multipath 3.0m ( 10ft)
User Equivalent Range Error (UERE) 30.5m (100ft)
Navigation Accuracy, 2drms (DOP=1,5) 91.4m (300ft)

GPSHBEEICILEN L) 2 ARNL 02T TRL,

SAIZ & 5 ABWNERREDD 5, SA LiISelective Availabil- (LICEP
ityDEE T, b ETIRBRAMAELRIN TV S, KEEZ

EHY EoBEA T, GPSEEOE FIGtORREE /L Ew (2)SEP
720, AEMREE R BREICRER ) LTSAR

ERLTWE219, 2R, FHETLRWEENE & EHET (3)2drms:

DRI TR SN AEOREICIIBEN S TN, GPSIL
BENBEL L b, SAZ L 2ESIL, kT 2CEPT40
m, 2drmsTl00mBifRICHEI N T E99 w12,

GPSOMEMRED RFED V) &Y % Tablel-1IR T, 2D
3 %, User Equivalent Ranging Error (F & 22 4 #l B8
B2 0 L%, UERE S W35 BAEBDOBEN RN FH
AR (Root Sum Square : LIk, RSS& w9 ) 2 & T, #EE
BEED, £ 5%, UEREIARRTRDLN S,

— iz, GPSOBAIKEL |L7RE 2 HRTHICILE U CRTl
B3NS, WEFMIICE, BLITROMEENHCLNEYT,

REFE T,

2 72
2drms=2 ﬁ_—(XZ Y
N

F72,

2dvms=2.56 XCEP

e

2drms& ¢ % FEO & 2 IXEIL 72,
. Circular Error Prohable?®¥% T, 50%FE% %
ZHOEERET,
: Spherical Error Probable® & ¢, 50%MEH
MERDERERT,
Distance Root Mean Square (k&7 1HHE
Z0 RO FHAR) 0 2HEOET, 5%
TEHEBmENF 2 IR0 EREE T, BEHA
BEL X, BEHRBEE Y, 70K
ENELT2E, 2dmsiERATRD LN B,

2drms & CEP iZI3:RD &5 %BEH S 57,

. Standard Deviation (BE¥EfRZE) THFHLE
T OFEEERT B, X, DFHEX, Y,

Table 1-2. The Concepts of DOP (Dilution of Precision)? ®

Kind of DOP Concept
GDOP Geometric of DOP
PDOP DOP in Position in Tree Dimensions
HDOP DOP in Position in Two Horizontal Dimensions
VDOP DOP in the Vertical Dimensions
TDOP DOP in Time
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Fig.1-2 GPS satellites arrangement with a
low DOP value.*®
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DOPIEOH & & I # Table 1-2ITRT719, S05 5
PDOP (Position Dilution of Precision) B3 3 DRI
AlCEveN, BLCHAIN T2 4EOHREEEAT
TE DL ABEOREBRT 2 2 F 2 T L\, 272, HDOP
(Horizontal Dilution of Precision)ffiz 2 Dl DA
T, 3ENEE L MEENPLEREATTE S 4 HEDER

BWT 2ot s, bL, 4 HENTXTHE—FH
FieHze, 202 3EE LHIROPLIE-TFEERS
b7, BRWEDOILESER TSI LETRFTEETH 50
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Fig.1-3 GPS satellites arrangement
with a High DOP value.’®
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Fig.1-4 Relation between the height (h degree)
of three satellites and DOP.®
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LEUBIEZITRI G0,

BIMLICFE SN B EEORE L DOPHE & nB{R%, 3DWM
FrOPAI= 2 TFig, 1-28 & UTig. 1-3127R 919, Fig, 1-
2DOPHEASPAE W E BT, 4 EETHELNS 4 HIEDHAE
AR EWIZYDOPHEIZNE % B, T2, Fig, 1-3I27RY
L5, 4 RS EE - T 5 EDOPHEIIKE <% 5.,DOP
P ENIERBOEEIZL XD, £ D/DE%DOPHE
BELRHIE, JVFREOKREL 4HEHEE LHOEBET
WEBNENFH B, IO L, RXFHESREDFERE
BRIC L ABREDEAI, BASEL SHUHYDH S\
IREOFFMPIZAEEY, ERHMNEOBEICKE (EET
AILEFLTH B,

A, —FIE LT, 3DAMLOEENERE L DOPHEIZ W
Tih~5, REZ LEACEESHD, o 3\ENEEHFE
LEE () BT, MM FEEE1209 0BT THE
LTWw3Eid 3, 2084, 3SHENEGEICHLT, DOP
EHFY D LS BT 0% Fig, 1-4I0R T, BRI 5,
BREOREIC 1EEFDY, o IBHEITELETE

Table 1-3. Type of DGPS¥®

ARG L, DOPEE /NS T 25Fe L b, LA L,
BRI HNBEY, KAESEHE2BAT S HEIRS
% B EREBRESBRT b2, KEECEEMEI L
FLOAHE LB X 6%,

1:2-3 B|EEDGPS
HH TR~/ GPSMENRE T, FIHBCHRIRE(H

B 20ESAICLBBRETH B,

SAIZ L 238213, —%IC 2 drmsTH0m iR L Wb T
VB A 91D EERET I L ERMICRY BRI R
TELV, GPSOBREFBRBEL T, MEKEEZzED D
DGPS® 1719 3 BEEI[FEE & CEIRI S L 7:GPSHBIE A
E2HAWT, FULgofAEoEEEMIEL, GPSD
IBIEE £ WET M T, SAOBEZ I MNENEE
FHRMICED LI EHTE S, BE, BMEESAHD
27 I EES N FEREE R 3 HREER IR,
FIEZOZERTI LRI ORMBERER LIFATWS,

DGPS?H#EEE # Table 1-3IC/R$9, b 2Aus—a

Translocation method

Interferometric method

Position correction method

Pseudo range correction method

Static position method

Kinematic positioing method

Table 1-4. DGPS error budget?
TTe— Range
T (mile) 0 100 500
Source \\

Clock Error

Ephemeris Error

Space Segment
Control Segment
Seiective Availability (SA)

Tonospheric

Tropospheric

Receiver Noise

User Segment .
Multipath

0.0m ( 0.0ft)
0.5m ( L 5ft)

0.0m ( 0,0ft)
0.1m ( 0.3ft)
0.0m ( 0.0ft)

0.0m (0. 0ft)
0.0m (0. 0ft)
0.0m (0. 0ft)

4,9m (16, 0ft)
1.8m ( 6. 0ft)

2.2m ( 7.2ft)
1.8m ( 6.0ft)

0.0m (0. 0ft)
0.0m (0. 0ft)

0.9m ( 3.0ft)
0.0m ( 0.0ft)

0.9m (3.0ft)

0.0m (0. 0ft) 0.0m ( 0.0ft)

UERE (RMS)

0.9m (3.0ft) 3.0m (9. 8ft) 5.3m (17, 4ft)

Navigation Accuracy, 2drms (DOP=L,5)

2, 7m (9. 0ft) 9.1m (30. 0ft) 15.8m (52, 0ft)
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Fig.2-2 Positionable period time.
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Table 2-1. Mean, 2drms and ¢ of position error
3D [PRN-06-08-11-12]
2D [PRN-03:06-12, PRN-03-06-13, PRN-06-08-11, PRN-06-11- 13]
Number Mean error (i) Range (m)
DOP of 2 drms(m) ¢ (m)
data North East Latitudinal Longitudinal
1~ 5 572 + 11.5 + 28.4 133.2 59.2 218.5 373.9
6~10 187 + 27.7 — 48,4 247.0 110, 1 184.8 635.9
3D 11~20 368 + 41,1 +158.9 681.8 298.8 1488.1 920.0
21~99 254 +122.8 + 61.0 1555, 2 765. 4 4627, 1 2539, 6
1~ 5 6984 + 0.5 + 36.4 170,90 76.9 403.0 475, 4
2D 6~10 2894 56.7 — 4.7 447.6 216.4 1220.7 909, 4
11~20 3926 — 55.2 + 28.7 598.8 292.8 1689. 6 1802.0
21~99 2977 —214. 4 —237.0 1788.8 835. 4 5808, 3 6525.5

3D : Three Dirnensional Positioning

2D Two Dimensional Positioning
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PEa &9z, 2DRIM i S 2 RRUL, BEDEE
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VR OEEM & % 5 LB 3DREL 24572, 3 DRI
T, BEOHMMBREGEIE k- Th, H15%IE
2DAUL 2 BERR T B LD E D .

Table2-1LiZR & NA2DOPL -~V T L 9 2drms ¥, Fig.
2-TITR NA2DOPEDEAL, #E DM AEHRNEALE G
BTRFAT S L, WBEREOELEIEET L LHTE S,

2.4 ¥ & &

HAGPSZE#E AW - ERBRIOBERN, L, EHIN
T BBENOED TR & EOBIRCERICOWTRET L,
ZORERERDEHICERE NG,

(DPRN-03, 06, 08, 09, 11, 12, 13% Fw/2BAo, T
BICo 1 BiC BT 2 BRI AR R 0451, DOPE
H5 LT & & 1343, 5EEE, DOPEA LI T & &id
WL TH - 72,

(2)2DRIL & 9 b 3 DAMELD R EL & o i,

(3DOPHE 5 LI T %A, 3DEIL® 2 drmsid133m, 2D
B 2 drmsiZ170m T, 2 DHIGZTld, UERE#413,
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EI3E BFEOEBCAEREOSH

3.1 @G

BT, MEBELMIMCEL T, DOPL~ T
BEGHICONCTRE L, UL, GPSTIEES L
D 3EE I AEOBEO B S ZE L CHIMETE 2T
DT, HEOWABRLEIZ L > THREEIIR L > TS
2,

GPSHER Lish 72 BORINKEEICEE T 5\ D20
Fg29r-30 T, SLERRE D RFAMIC L D MRS E % 515§
5150 TR <, BEORMENERE LAEBRENEBICD
WTRBRZbDEH B, TDXI KEENEE LAEBRE
DB AEDOMEIRIE, RO IZE, £ LTDOP
PR EIE ZOEMEEE LR T,

RETE, BHES DLW EORMNERDEREL L LI,
BEDMAEDERHENBMENEE L MEBREDSH
ZOWTHE LRI DWW THR 5,

3.2 £BEFHE
RETHRITICAG T — 2 BERORR TR N7 —
DT, ERNEBL FEEHELFLTHEZ, 81
THI2» S PRN-QOVZETREIC L O, B 7 — 2 Db £<
HofeDT, ZITERBICIATA»L 9B EAETD
F—FEHCTEBIT L2, 372, RETIIFRLSALT
— 2 bEDHTGPSHE & WGS-84BIHR L & A AEHRIC

T L, FEHEE & 0% EGPSHEOBEL L7,
3.3 BRCEER
3.3.1 WEOWEAEHYE D& 3 MAHRAE L PRN-08OHE

DOPHE 5 LI FORMLIC BT 2 B BE ORI LEER
%, BEOMAADLENICTable3-LHZR T, HENMAS
bRIZE ST, F—FEODHCIENH-72DT, 48
BEOBATELNT -2 R HwR, &SI, 95%HE
REEMDOEETH S 2drmsDHPhIWEICE L. BHED
HARDLEZ L OMBBREOHITLBOKERED, BiETE
~N72DOPEMOKER L FEB, 2DRIGL LD L 3DBIfL Fh
B ME NS HMHEIHE -,

Table 3-TiZ/R & N2 FHMEBRES 2drmsld, BED
MARDPEICENEL > T3, MEPOHEOMAAD
NG b, MEBEBRENVKTAHHD 241%, Fig. 3-18 L ¥
Fig, 3-2127% ¢, Wi, ML icH B I N HREOBE2EA
L7z, F7z, SN HDOROHLIIFELENE, + 3 FHAL
&, PHMELZHLLTIHOEREITH L, BFE D
A8 BB 77— 2 Tl {, URHBEMOBERTH 25
5, gl3Table 2710 & B LEL > T 5,

AT, BIET LA Lighihs, PRN-08:FIH L 5
LB IIKRREROBEIBREL 52 5, L
L, COBBEZRHALLWwET S &, B REL KRS 1
Bz X4 3R 358 % 5D T, PRN-080F] A HI A4
BERENBYoBEEL5 L5000 THE L,

Table 3-1. Mean, 2drms and ¢ of position error by each set of satellites (DOP= 5)
Set Number Mean error(m)

of of 2drms (m) o (m)

satellies data North East
1D 06-08-11-12 661 + 5.1 - 9.9 63. 6 29.8
08-09-11-12 788 + 0.5 + 9.4 85.2 41,5
03-06-13 1,931 + 2.3 +11.2 97.4 47,3
06-08-11 1,437 +29,1 + 4.7 100.2 40.5
06-08-09 292 —25,0 +41.9 142.4 51.9
2D 030609 1,226 +44.9 + 9,4 143.4 55,1
030612 479 +44,7 —21.7 183.4 77.1
08-09-11 248 —71.4 +60, 6 234, 7 70,7
08-11-12 123 —14,2 +81,2 258.8 99.9

3D : Three Dimensional Positioning
2D Two Dimensional Positioning
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Fig. 3-1 Position error distribution on set of
PRN-03-06-13.
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72, PRN-082FIH S e h - 725725 2 drms® o 9K & »
FloH b,

& 5z, Fig.3-1:Fig.3-2Tl¥, PRN-08%=F AL 720
PRI LAr-7286 50 b oldh 3L, BENSHEHE
358, 48RRI D EBIFE R & 24RO BRBIRE R S HIlF L
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bk Z &6, DOPE S L TOGPSEIL IZPRN-084%

Table 3-2 Mean, 2drms and ¢ of position error by

200m | N
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Fig. 3-2 Position error distribution on set of
PRN-06-08-11

FHENTD, MEBRENOm DBEZHFETELLEL
6ENd, Lizhi-7T, Pk, Wil BRAZYNLHIL,
LCEBENIERLEXT A6 KRITE, PRN-08%
BT OMNER LI TH 5,

Kiz, DOPE21LI LB A BT 2PRN-08DBE L
2T L7z, 2 DEIIODOPHE21L) Bz T Table 3-2127R 9

Table 3-1F#, Table 3-2i2Bv T3, PRN-084HIfL
BEPHMITTIHEFIEIA LTV, Table3-210/R T
512, PRN-08Z2FIA L7z & EmiB2EE, 2 drmsDiEK
ET2091.0mTH 5, Nffiid, DOPE21LI9NHETH
5DOP{E60 CUERE®13.4m & L2 X &9 2drms & i3
F—-BY 5, Ld-> T, DOPE2ILI LD RN OBHED,

each set of satellites (21=DOP=99)

Set Number Mean error (m) Range (m)

of of 2drms(m) o (m)
satellites data North East Latitudinal Longitudinal
06-08-13 271 —102.3 +204, 6 1290. 8 603. 5 4455, 1 2530, 4
11-12-13 106 —149,7 + 68,2 1534.2 767.1 5070, 7 845.8
03-12-13 537 — 53.6 —112.9 1549. 6 764.7 1643, 4 5665, 1
03<08-11 703 — 72.7 — 22,7 1794.0 893. 8 4094,7 5620, 4
03-11-13 1005 —374. 4 —-539, 3 1924.0 703.2 3168.5 4864, 2
08-11-13 355 —387.8 —418.4 2091, 0 876.1 2767. 4 3311.0
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R LGENE LRESLORREA LN L P -T2,
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3.3.2 BEOHASHLELABREOSTH

BEDEMARHE I L DO BERENSIRE S Fig. 3-
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Fig. 3-3 Position error distribution on each set
of satellites.

250% HIE, HERECBERZRH 0L LAk,
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12-130HA & bE T, BERZRINE WY, BERSZR
KEWTHH) LEETES,
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Xz

TRYILHFTE S, BEURHEEA, B%Table3-3i2R7,
ERBRTS - 72728, BURRK I ERBE D3I -E T,

Table 3-3 Regresion coefficient of distrbution

(Regression formula ! Y=AX+B)

Set Regression coefficient Coefficient

of of
satellites A B correlation
03-08-11 0, 607 —0.009 0. 996
03-11-13 0.522 —0.019 0.977
03-12-13 0,242 —0. 008 0. 989
06-08-11 —1, 367 0. 063 —0.985
08-11-13 0. 654 —0, 002 0. 989
11-12-13 4, 829 —0, 269 0. 980
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DHBENC L L) MEBESHEROKE LEIEA LN
ol

Pl ksiz, BROEELBESHICERIHE L
b, BRHEE L~V ODGPSHILIC B TREIROME £ #
ETE B0, FEiR s BERA TR, R—BE oM
AAEDEDEAIRONAZ LW L»PICE -T2,



120 A A

3.3.4 FHEDHR

ERICERLZEMICE, MERELDISIHZLL
DB OMEED D B, I OKEEIBEESBEIL T
BLEIZE, FOEMCERTELWI ELHEY, K&
Fon & ERELICBIT AR CIIBER LICHR» D B,

EBALL 2 E0eT 212 L BB BREOKELIEES
F%Tabl 3-412RY, §iZENTable2-1& g $ % & P
DR EMBZENTE D,

PHALL e 513, SBRDOPED /N WENEDEE
kv, LAL, BT 2 EEBEHCR LT 2dms® ¢
EAEL Y, BREOSHEEIE, 1~ 2EEN3-DOP
VARV BT B BIMER S TITRBE IR > Tw b, Bl
¥, DOP{E 5 LIFCIOMORFERIC L ) Pk s &, P
B LoBEALIN L 2dmsR i3 N E3< % -Twb,
72, DOPHE 6 LLEIOLLF o & & i/ E R 2100 L T 5

&, DOPHE 5 LIT OB LA L IZIZREKRTH 5, Fig.3-7. Changes of trends of position error
HERIMTIZE LI L VWIIRSHLN TS, distribution with movements of satellites.

Table 3-4. Mean, 2drms, ¢ and range of position error on smoothing

3D [PRN-06-08-11-12, PRN-08-11-12-13]
2D [PRN-03-08-11, PRN-03-11-13, PRN-03:12-13, PRN-08-11-12, PRN-08-11-13, PRN-11-12-13]

Time constant Nunber Mean error {m) Range{(m)
of DOP of 2drms (m) o (m)
smooting data North East Latitudinal Longitudinal
1~ 5 369 — 5.5 + 45,3 115.6 35.6 150.0 160, 6
6~10 = - - - - - -
3D 10 sec
11~20 108 — 21,3 + 42,4 477, 2 233.9 1025, 8 815.3
21~99 126 + 32.6 + 82,2 914.8 448, 8 1762.7 1401.1
1~ 5 1201 — 5.9 + 12.3 83.4 39.3 168, 3 226, 2
10 6~10 2004 - 39.7 - 18,8 177.0 76.8 279.3 525.3
sec
‘ 11~20 1994 — 72.8 - 46,4 420. 8 191.9 869.5 936. 8
21~99 1160 +302.6 —257.5 1533. 8 655.9 32947 3874.2
2 D ___________________________________________________________________________________________________________________________________
i~ 5 533 + 9.3 + 18.9 69. 0 27.3 103.6 172.2
30 6~10 1341 — 38,8 + 25.2 152. 4 60. 6 201.6 318.1
sec
11~20 674 —127,6 +172,5 202.0 99.0 98,0 458, 2
21~99 532 — 10.3 + 57.7 565. 2 276.5 1006. 4 1190.7

3D . Three Dimensional Positioning

2D . Two Dimesional Positioning
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tion of horizontal radial error on three
dimensional positioning (DOP=99).

Fig, 3-8% & Fig. 3-12i2, DOPE21LL EofERE NS
ik, FERAAOREHICRT. fle LT, 3DAMITIE
PRN-08:11-12-130#iAA&b¥ %, T72, 2 DEALTIZPRN
-03-12- 13D A B b E LA, Fig. 3-1BLUFig. 3-2&
[, B OISR E, + I3 THONE, FHLE S
FLETAANERITIcTH D, 51T, HMEHHBED
FEAT BERE 82 AR TFig. 3-138 X U'Fig. 3- 142 7R ¥,
Fig. 3-13i3 3 D8I, Fig. 3-14i3 2 DEHNLOBFATH 5,
Fig, 3-8% 5 Fig, 3-14I2R L2 & B Y, Fig{biE ik K&
KThIE, BEOSHHEEE 20, MEBErmLy
B EHbirh, P L L - 25413, 3DMBL2D
i & B85 NILBORIS% AT > 75 6i3i3300m Ll
Tia s LS, TG L 2Ba I 3880% 5T » 750
5H9200m LT ic a6 L7z,

GPSTHINT 3 & &, MBME® LIT 572 1IDOPHED
HHEEDNSCT B L, BIRTRELERPE LS, L L,
FIBLEERE & DOP LV ~LEkRER 5 & <RIBS 5 &, DOPE
PELUTIRA SR WEATY, FIABOHUKEDEY
BREBLNEZLICR b, £2T, BLORI, DOPV
~Jv, PEALEREERD =B EHAADE TN E— FE2E
L7z,



BRREL~LDDGP S #IHL 123

Table 3-5. Positioning mode with 2 drms

2 drms (m) Positioning mode
< 100 2H30, 2H10
100< < 200 3H10, 3HO, OM30,  2HO. IM10
200 < 500 2L.30. 3MO, 2110, 2M0, 3110
500= <1000 21130, 210, 3L0, 3LL1O
1000= <2000 2LL10, 3LLO, 2LL0

Table 3-6. CEP and 2drms of position error (DOP=99)

Time constant of smothing

0 sec 10 sec 30 sec

CEP(m) 67 -
3D

2 drms (m) 540 -

CEP(m) 85 650
2D

2 drms{m) 750 415

HIHLE— F % FERRED 2 drms T L T Table 3-5i2/R

- 3.4 ¥ &

o FU 2dms? 7NV —7"DH T, 2 drmdh  wIE
e — FERL, Bie— FOREST, BEWORTIR
BIfTORITE, ROT N7 7y MEIDOPL LV ERT,

HDOPE S5 LI'F, MiZ 6 ~10, Li211~20, LLiZ21~99
’C%éo F/z, BBROBFITHARERT, 0FFEl
L, 10 iﬂ?f/ziﬁuoﬂ 30I3FE3HTH B,

DOPENLI T oEAICEIT 5, SDEIGLE 2 DEGLHCEP
B LU 2drms# Table 3-612R T, BMEBI AL WEEI
&, Bk (1,3) RIS TLE 54 b o7, TR
2 3DWGLIC X KRN T B, 3DROHE, BEH10
THEILT 5 &, FHRLLZWBAI 5T, CEPEM
40%, 2drmsi3#20% D3 oz 2DEINITIE, BEE
BI0FCHIBIL L2285 3 DEMTIE & & < id%c s, g
¥BE30FIcT 5 &, CEP, 2drms& $40~45%/h3 <% -
2o

BEED THANKEIZ BT 5 MEBRZEOSMIFE, KA
ﬁﬁiﬁ%mﬁﬂfﬁ*ﬁﬁfﬁ, & 5 [ZDOPEIZ DTS L7z,

(2

DRERAIRD &5 B S5,
(’S}E7kﬂi’?5%7kiéu&1~c7)7ki&& &, PRN-082F A LT
BoNMNBERMETRCEETH S, £/, Z0/F
E%%‘ﬁ!ﬁ‘é &, BISL R REZe R 540 3 BRI R < %20 B,
JRGLIcFI A E N SHEORELZMA I LITL D, i
BERESMOEMEHETE 5,
BIPEMT 5 &, PHRILLAWEAIRILNT, 35612
Z < DGPSHLEST » 7 FHEicam Lz,
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B4E BWAGICIRALS ADBE

4.1 BELs(C

B 2ETHRNL S, GPSHFIE SO -EIER
BNTWBREED D%, BT T RS 7 FE R WA RE & (2
FTHTIEL P, UL, ZORDI AT LDERBICHE
v, FIATEBEEDEIZI091FII316(H, 199340 1 R
IiF20fE g mL, RIMEE LR IERIBICER 3, £
72, DOPHEANE otz

&2 A%, 19904E 3 258 LI, KEOER LoBEHET
7wy 7 MR ICSARIER L, SAKERICIIGPSAIE I
ANBHZLBEEPEINS L) 2% -7z, 2 OSADFHEERE
Tid, FIFZBEONEBEORE L 2 drmsTHI0mIZHLT 5 &
ARINT W, SAIZIESAD, A 57D —7 =
— MERISRE R LBRBEOR, —HICRIRINT
nwiedt, BEEERLE S LTHRUERI L,

SARBT 2 XMRIT 7 5 2 02 sean z 7 ¢, B
BNTICIRNASAOEREF L0, #9155 AOM, 8lfr
HBREENVELUT >,

ARETIE, 3 AT L DOFERAGE B BIGL Y 88 20 iR,
DOPEN @R, SANHERZIH(IERE, HEREC
DWTRET L 7SR 2 RN 5,

4.2 HEBLFE

19914F10H 70 5 19934E 1 A & TR, KERZRIZB W
T, BMEBMLERZT >,

EBRICHWGPSZERE, 1Fr v ANERY -7

it

Ve VEEFROZER (BAER, JLR-4100) TH 5,
FEBOMREEORE TIEIFEFAME— F, REgE#RT
—F, FB{ELEEEIRL, DOPEDOLV~V 2 5 LI &7
F99LLT & L7z, # LT, 2DHILL, /203 3D/ 2 DRI
W TRIL 24T - 72,

GPSHLENHEE 2 51l 3 2o DIEHEME L LT, KE
Ky = 2Bt EBREO 4 BB LICRESI N GPST ~
T FOAE (34° 03, 9605'N, 130° 53. 7050°E) %, 750045
1 DERP» SFHAR -2, ZOFMEENE I, EXD
BESHAR)BELEFNAT L, o DBRERE
AFNCHB LT, M2 mldTeELLN O TEEL,

FHMERMEMBEO BB ICE, HE, OB L BT LM
EHE LT, Trarrodtl, RRUOTEEREGFEIC, {0
APENFNRIG6, 9°, 14° DIUDTFET %,

FEMP LSBT LN ENE T2 %, Y
D2 FIEDIA, 7Ry ES - T4 A7ITEEL
7o LT, UBEOBRT -2 % 1 70— LT, 7
N—=T T fiE Bl ko7,

4.3 BRCER

4.3.1 BIGIFIREAEER)

GPSHERL & N WIEAN ERR Tl, ZEFEMMEL,
— B ORI R 2 B T AT TR Th - 72, F72,
AE 5 A, FIFFRI LB Ik > 2 EROBRTRE
I TH ~ 72, AU, FNFRNBREDFBOERK
ERBORIRDEZELFZ 1L b, VAT LADERFETE,
HEBSEMLTL 28, ~BOUMIATREZLRMIEIE &

Table 4-1. Positionable period time in 24 hours.
Positionable period time(h-m)
Exp. No. Date DOP

2D 3D Total

1 '91/0ct. 16~17 <99 23-04 23-04

2 '92/Jan. 15~16 <99 22-55 22-55

3 May. 12~13 <5 23-38 23-38

4 Dec. 23~24 <99 9-54 13-37 23-31

5 Dec. 28~29 <99 23-27 23-27

[ Dec. 30~31 <5 23-17 23-17

7 '93/Jan. 7~ 8 <5 13-56 8-30 22-26
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w72, Bk L7z k542, AROBNERTRESINHE
DEIFI6~-20HTH > 72,
2UBFRI D 5 B WA W REL B % Table 4-112, 20 5 5
D—15 % BRI TFig . 4- 1R T, BWE O _LEICI324B:R
AR ZRL, FEHIZZ20) b0 2REESEIALTE
L7z, SOBITIE, BIRLATRE L BERI34 3 A 2 » 7N,
1 ARLLT A1 7 Friled 51 5%, (ho FERIER TII#40
BRLDL H Tz, 2UEFOERTILES L TGPSRIGLA
WHeZe & 5T A Z B, PR B B K3 L R A
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Ziroiz,

4.3.2 DOPEMSH - ﬂ'i 12,23

o]

2 DEMLIC B 1T 2 DOPE DN B 44 % Fig, 4-2100R
T, BRI, 2DREIMTIIDOPHE 2 DERT— 7
&b &, HNBRBEELR T, DOPHE 2 LLT492.5%, oF, |

DOPTEE 3 LLF 497, 7%, DOPE 5 LI F 4998, 8% T % - 72, 8 ’

Fifiz LT, 3D/ 2DRMIODOPEDIENIE RS % §
Fig. 4-3107R T, 2 OB /EET, DOPHE 2 LT 448, 8%, g 2 -

DOPY# 3 LI F#81. 5%, DOPHE 5 LI F 594, 3% T - 72, &
2% 9, BEEFIMEORKETH, 86 R0LTF— 5 D5 2
% DOPH 5 Ui % 5 L% 2 b1, s 5@ 3D
3D/ 2 DEIE T $ DOPHE 2 DA E R A b 8\ 7, &
2 DEISTIC 81T 2DOPHE 2 DFAERIZE & < 137w, L
L, DOPIE 3 DABXE I, 2 DHBLODOPHE 3 iz &~ o5 |
TIR3INEL H»T\wd, 22T, 2D 3D/ 2DRAMTH
Lz —% % 3DAIN & 2 DRINLICs T, DOPEZ X o) "_i—}_L
MHERE AT AL, £OFKREFig. 44107, -

Fig. 4-49 F#51% 2 DRIEL, F#3 3 DHMETH 5. 2 Dl 0 1 g, N\‘El ~00
iz 3517 2 DOPE 2 DM E#IZ 3D/ 2 DRLN T~ N-11~20
26. 6% C, Fig. 4-2 L [Al#E, thODOPHEIC  HNTHEEICH bop - 510
v LA L, 3DRAIMLTIE, DOPHE 3 DR EHA b B, Fig.4-4 Relative frequency distribution of DOP values
AR —ERRT, 3 DAL H, ZEHRODOP LV ~ViEE of three and two dimensional positionings.

DOPE 5 LUFIZZRET 6 &, DOPE 3 DIEMER - 20
B (DOPHA 2 L DOPME 4) DA ER L DEIF S bz &

Table 4-2. Mean, 2drms, ¢ and range corresponding to each of DOP or DOP range on two dimensional
positioning error under the condition that SA was off

Number Mean error (m) Range (m)
DOP of 2drms (m) o (m)
data North East Latitudinal Longitudinal

i 2647 +16.7 +10.5 50,4 15.9 68.1 30.8

2 12015 +12.6 + 6.4 49.0 20.1 105.4 89.7

3 1407 + 4.8 + 5.2 47.6 22.7 49,5 11.2

4 269 + 4.0 + 2.9 39.6 19.2 14.8 5.6

5 53 - 19 + 5.2 16,0 5.7 16.5 2.8
6~99 217 +35,1 + 4.3 95,6 31.8 102, 0 15,4
=2 14662 +13.3 + 7.1 49.4 19,5 105. 4 89,7
= 3 16069 +12.6 + 6.9 49,2 20.0 109.2 89.7
=4 16338 +12.4 + 6.8 49,0 20,0 109.2 89.7
=5 16391 +12.4 + 6.8 49.0 20.0 109.2 89.7
=99 16608 +12.7 + 6.7 49,8 20.4 118.5 89.7
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Table 4-3. Mean, 2drms, ¢ and range corresponding to each of DOP or DOP range on two dimensional
positioning error under the condition that SA was on

Number Mean error{m) Range (m)
DOP of 2drms(m) o {m)
data North East Latitudinal Longitudinal

1 2916 + 14.0 + 2.4 76.8 35,7 153.6 120.6

2 13182 + 10,1 + 6.6 87.4 41.9 255.1 215.9

3 634 — 51,1 + 44,6 397.2 186.5 580. 5 426, 2

4 228 —129.8 +126, 7 591.6 233.3 441.7 503.3

5 52 —238.3 +251.9 916. 8 296. 0 465, 9 497.7
=2 16098 + 10.8 + 5.9 85.6 40,9 253.1 215,9
= 3 16732 + 8.4 + 7.3 114.2 55.9 580. 5 440, 2
< 4 16960 + 6.6 + 8.9 132.6 65. 3 589, 4 577.6
=5 17012 + 5.8 + 9.7 142, 0 70,0 621.1 602.8

(BB -T2, T &6, 3DARLL Y B 2 DB ZbHhb,

DFFDOPHES DS MEERT I b b,
4.3.3 RMEBEREOSH

2 DB ATEEZE %, DOPEANCHEFHLE | T Table 4
-28 L U'Table 4-3127R§ . Table 4-2(3SAV RS LT\
b &, Table 4-3I3SAPFERINTHWREETH L, #
D5 L, AT ONMEBEREDKTSN % Fig. 458 LW
Fig, 461273, Fig. 4-53SAFHBRINTW B & &,
Fig, 4-6I3SALEBEINTWB EETH B,

Table 4-2iC L i, SAVEREIN TV & EDNER
EDEEEMERE, B EZCDOPHE 2 DT DB
B Tnb, £z, T2 DIRLAE R EDHBHDOPHE S5 LL
TFTHBEED 2 drmsi349. 0m TH 2 5%, DOPEA 6 Y EicZe
LEF—FEPLL L5, 2drmsid95, 6m &
BT 250k » 72, F0ED, BEOPHER ¢ LDOPHE
SHUTICCHRTRELS L -2TwS,

WoBBLIUPBIZETHRAEEY, 2D L Y 3DHEI
DT RLEBRED 2 drmsfliidbh & v, Lioh > T, SAH
RERENT WD L5 2DRMTIEIFDOPENEEZ 3 LT
12, SDAIETE S LITFIRHRET 5 &, BENn I TOME
FELIBLNLEELLNE, 20, FEINLT—2 %,
%8, Mo POMICHAT 2 X9 %L &, 2 DRI TIDOP
i3 UFo7—2 %, 3DBIRCIZDOPE S LITDT—5 %
Hnbdh, BEOLWHNTFT—222{FHATELLE

—7, SAPERENT w5 & EDMEBREVKFELZAT
I3, Table4-3I27R"T L5, DOPE 2D L &M 2drmsk
T W B FNEFNHTm B L U2 T, SAVRIRZENT
V3 X B, 8~2852 7% » T 5,DOPE 3 T, drms,
6 & H200mEWEIC e 72, THORREIE, Fig. 4609 b
DDOPE 3 MEBESFRITRT £ 51, T BHrdZLnic
bbb, FHEZBEAE LM & RN K & 8
PENIOTH L, CHL) B RELTBEL, SAICLY
BATBEEN S >IN TWER ZEhs, SATER
ENTWDH L AT, UBREIOnEZBIIELHEE
%7 6Nd, Tabled-3DH T, DOPHES, 4, 50k S0k
FHRSEFBVWOIE I OBRENFTRRETH 5,

Table 4-2 & Table 4-3FHMBEBSEE { LT HB &,
WP RN DOPEA 2 LU Ve s, SAWERBEINT 1B EED
SEHNE & SADRIREN T3 L EDFHMEBEOZER, &
EHIMT2.5m, FEFATLZnTHS, L L, DOPE
I EICEB L, SAVRESNT B L 2D FHMER,
SAPERINT WD L EDTPHMBELI HKRECHENLTW S,
L7=dioT, SAPERINTWT Y, DOPE2LTD & &
DEHMBEIBEF L wEH 2 b, 4N, MEBED
B ZUEROME T — & 618 b s, FEfEER
D DLI2HDOBNRDT — & BE BRI UL, SAWERSN
TV L EDESAMIICECT, BOTHETHLLER
b,
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Table 5-1. Method of experiment
. . . Reference Remote
Date Type of GPS receiver Dimension . .

station receiver
'93/Feb. 12(24hours) 1-channel receiver . JLR-4000F (JRC) 2D N.F.U Tenyo-maru
13(24hours) (initial type) T 3D N.F.U Tenyo-maru
'93/Mar. 12(24hours) 1-channel receiver : JLR-4100(JRC) 2D N.F.U Tenyo-maru

'93/Dec. 15(24hours) (improved type) 3D N.F.U N.F.U
'93/Apr. 13(12hours) 5-channel receiver : JLR-4110(JRC) 2D N.F.U Tenyo-maru
14(12hours) 3D N.F.U Tenyo-maru

N.F.U : National Fisheries University
2D . Two Dimensional Positioning
3D . Three Dimensional Positioning
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Position error distribution by
5-channel receivers.
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150

WS, L—FRI P S e & A TH - THGPSAT
EBIUDGPSHEIIB LN T Wiz bbb LokE LI
EI74 2B CTRT, BRI LD, GPSLEICENIZSAD
BB DGPSIZ L AMIEDNENRD LD,

3 DRMEODGPSALE 21340 m BN BESENS 2 L%
b, L, BEEELITISHE, #HEIA VEERTR
ET ST EHZL,Fig, 6-8ITREN/IF4 v 1 DENH13
HHE14HBODGPSALED & 9 1z, i h & i
THEBRAEDONBELEA T LASICHIFTE 3,
Fio, 4/ v PEREOKEL S, 10MEOHELHI20.6m
TH B 5,185 NINE E 15~ 300 B TR T UL,
REDTARBVT, TN 6DHEFERIAICHRT 2
EILFBIEIEELTNTHS T,

EIAHT, RERB L ENBPLIARERTECE, ME
BE1ImUTOBRENrEEN G, —F, RERBEHROEE
T, FrEATRNAE S HER L AREE O ARIT
FoBEe Y, FRMRLFEETIC L2, NEBE
0mETORETHETE S, Licd->T, MERZ1m
UTOREFERINS & E2IIEFLV—FIR 2T, 20m
BEOBREVFFEINLGSES, Vv —TNENHEENMET
PEREENAEA, RBEEESE CoOEEED L —RIL
KEOBERE N 22 T 385410, DGPSEML 2479 2
L&Y, v—VRMLOERT DI, ERE AR E
HTELEEZLND,

Tz, BBEBEOEATTT T L, DGPS R TL WR{E
Wk 2 7ohns, 1Bk, RE LRBEENLE % EFECH
N720IGBEIcd, RFEFEDODGPSEEHTESLTHD ), 2
DY % 5Tl RERICERINALE & B ICHE
SNTHEOMAELEE, Bor— DR E & LICTeE
LTBE, fhEnRibRoREM 2R L OEEET 21,
BREXZOm U TFORENMELBFL L OFARETH 5,

BRE L ~ULODGPSBEII OB A, K S B I B I
FEROWIIZ ENTH-> T b, L L, B B, i,
BPLE O RIE, BORSE, MEORSE, BETOMEE
BIUVBRELY#ER LTV — L iRT 2 L, AF
HEODGPSHEIfLIL, IR EDIESERR I BT 2 HA0HE
FikE UTEBNT, 13k, RBHZDCPSHFER L 2% D
WHTE R EEZ bz,

A

#

6.4 2 ¢ 8

BT RO —FRMICH LT, BEE VLD
DGPSHEIAL % 47 v, BTG & BIREICBIT 2R
WTHET L2, 2OBBE2I LD ERDEIIT% B,

(DEIMBT TIISANBE 2 Z 1T THABEIHI50m 2
BLU, 2drmsillb. TmTh -2,

(2) 3 DBMLDODGPSILEDRIEII40m LITF, 2 drmsi319,
3mC, BAREE VNV ODGPSEINLIZG 4 /v boER
THATFOMMOMBEHEREMNTH 5,

(VEREE L~V ODGPSEMLIL, BEEWDFAERTIEL R
B, AR AFETTIThL S V—yRI 2T
&5,

AHBIERE L ~ L ODGPSTIGLIL, IR Ao, 272,
D& REEORIBEEIC B T A MEREEE L
TEHTH 5.




BEE L~ VoD GP SHIAL 151

ETE EEELUULODGPSEIGID
ERAENEE

7.1 GLHIC

I F TEHRE I NREE L~V DGPSEML 7 70 T
i3, EED S BENE $ COREESEIS0ME ELUT & iy
E, DGPSTHRE 2 KD 254, TREEICD L 505, H
HiE A dO E LR HEE IS EERNTSH 5. KE
OEAUFREERIE I X 2DGPSH Y AT 4T, 100~ 300 2
BE OB TR ICERRIERE S, ZOBHEDDGPHL
BOREEZ 2dmsTHImESINT B,

SR IEEEE EODGPSICH 8 N A ZERIZT v ANEK
H£L{, BRTERINLEREDOLPPS, LBENLDE
SEIR L CEMEEE AL LRI E 2T 5. —F, BEE
L~V ODGPSBIL T3, R TRIE SN fIENBENT
HIEEE 5 p0T, KR LEUELEOMASHETHS
NEBHROLE L PRREOHEZITL L, BIFET
BT kST, BEOREIC L D AEBRENSMEmHR
HHEDPLTHbL, BENVEEOMARLEIRELIZZ 50
¥ 03, BIoMEREY L KRy L40, WE
DIEHEL BT b,

72T, HHFH 51601 BIE - 2 ERE L #2200
BRE - 2P CREL»RERES, BRELV~LD
DGPSBIL %47 v, 2 SRENIC X ) DGPSHIT o 3 A i
P & BN L B RomE,» bRE L, 5612, KB
FLAHEE R OBKE % HLITHICHE 5 72 DGPSHE & i
MDY edwa sy SAKEMNE V- > THR LN
RN BOBEL B L2,

AT, BEE V-~V ODGPSELoF R b N ER
BN &, RREMET L TN AIRIMIREENIEE
DNWTHENB,

1.2 EELFE

7.2.1 IR &R

AZODGPSHIMLICB T HER I NZERE, EHRItE
17 2 DGPSEIE™ T, BB ELHENlTELDL Fr
FNEBZEFAOMACPSZ S8 (B AREAR, JLR-4110)
Th b,

B EEROWE % Table 7-1i2, 72, DGPSBIfL %17 -
7ol & Fig, T-UZR ¥ BB OGPSZEM & AR BER AR

TR BEREOZERK L L, BEIROGPSEEM E R
HEIREROZERE Lz, £ LT, RELDBES0RH
&Y, BT 2 DEIME, #F % T 3 DRI E S8R
o, WERLBERAPTH -, 72, BETO
BT, KB UEERET D & BRSSPI 3DRIGLICL )
DGPSHIfr #47 - 720

BT H 720, DOPED L~ %, RZEMODOPIEE
FHEENRKAFE TH 5DOPE20LI FICRE L, 4 BHfE
THII SN B BIGIEE, E, BE, BE, §, =HE,
DOP{l, HEES, 5L, ATAFRAGEDT—F
B, RS232CH# A LT/ %=V Ny Ea—F Il AA,
T0y B4 T4 A7 EFRL, SOFETHESL RGPS
HROFT—2 2 HnT, RELOREBEL 774 v THIE
L7z,

WIEEZ KD B BN ME L, KRERFRITHE
B ENIGPST » 7 DALE (B ARihHR T34°03. 9604’ N,
130°53. 7031 E) & L7z, o7 w7 FHhiEld, v —HlE
BPFIR-zmv2bha=nyg « Py 397y,
7 T2 LARAYO-20) THIE 3 /- TR & R EAC B kR
TE»6NERE, RBLEBOHFAP KDL, V—
FRIEBOBIERE R Sl T ThH D, FUBEEEL0.1
DTET2E, BAMCHITEI AT v 7 HMIENEER
L5mBTFTC, CoBEEFERTLII LT,

HRoT 7 &I PgER L )32nT, 2O
i, AL, K, ElEoSFEC, MErELERE6],
9°, 14° DHrdh b,

Kic, ERES L UCMFBRERPICEREL LBBIRHO
DGPSHE DR 7200, REANGPST » 7 L& #
ZNAN10000570 1 B X UF1100053 7 1 DERA & A H
i, COEAIL, B2 mOF{ARY BETEH L

REANGPST » FH&ESEEE L 9 1Tm T, WRED
READELIZIE, EHAICES293m), LAEFEIZRKAR
B©216m), # LCEFRNERE 2y 7 ) — P Elo#EE
Wb EAE L7 2f, VE 310" 248 2 5 & ) T BGERM 3%
Potz, MPETIERELOERICEBELYSEEER
IRAE L 72,

Sk B IBRAAT R, AL IEERIC X A HRRMELRD L7

B, WEOSEZE LMD Y v 4 03 o (BALR B,
CMZ-300) iz & v — 7 (B ARER, JMA-850-9CA, 3em
) IR EIE L7, MELOBRERNELTH20, B
L LT, FREDR S BEIRD b0 1 RLT
ChH LR TEBISTRAY, 8biT, BiESE TRk

hbheT, L—FEEOV Y YE) S~ 5HENEHT



152 A A
Teble 7-1. Method of experiment
Date Dimension Reference Station User’ s Receiver
Fixed 93/July 9 2D N.F.U, Tenyou-maru (Takamatsu port)
station July 11 3D N.F.U Tenyou-maru (Kobe port)
Moving 93/July 9 3D N. F.U. Tenyou-maru (Kurushima channel)
condition July 11 3D N, F.U. Tenyou-maru (Takamatsu port)

N.F, U. . National Fisheries University
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Fig.7-2. Position error distribution by GPS and DGPS.
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Fig.7-6. Positions fixed by GPS, DGPS, and gyro-compass and radar in Kurushima-Channel.
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Summary

Studies on Differential GRS of Correcting
Latiudinal-and-Longitudinal errors

The use of differential GPS (hereinafter referred as DGPS) can improve the accuracy of the GPS positions
under the influence of intentionally operated Selective Availability (hereinafter referred to as SA). One of
the simpler and more economical methods DGPS is the introduction of an off-line system of DGPS on correcting
latituddinal-and -longitudinal errors (hereinafter referred to as position-correction DGPS) by using general
marine GPS receivers. Thus, the present research focuses on the efficiency of the position-correction DGPS.

Prior to investigating the efficiency of DGPS positioning, the statistical nature of the single GPS data was
investigated. The data used have been collected since 1986. The data under the influence of SA-on were
compared with those of Sa-off. The results obtained in the present studies showed occasionally larger errorn
than the nominal values under the influence of SA-on ; maximum horizontal error is more than 600m, or 2
drms (radius of 95% probability error circle) exceeds 100m. Taking the results obtained above into consid-
eration, the position-correction DGPS data were collected and the validity was discribed below.

Firstly, the position data were collected at two different fixed points whose positions are known. Latitudinal-
and-longitudinal deviations from the true position at one fixed point (reference station) were used as
correhtions, and then the positions observed simultaneously at the other fixed point (subject te be usedas the
mobile station in practical use) were corrected. The results showed that most effective correction was found
by the three dimensional positioning method using a 5-receiving-channel GPS receiver. In this case, the error
decreased down to 16.8m in terms of 2drms.

Secondly, the posioion-correction DGPS were applied to positioning of a research ship at a fishing ground.
The corrected positions were compared with those determined simultaneously with a laser positioning method.
The DGPS error-of position of the research ship 19, 3m in terms of 2drms. If about a 20m position error is
allowable in research at a fishing ground, the posioion-correction DGPS is much more effective then laser
positioning in practical use, because larger probabilities of data acquisition in the position-correction DGFS
are expected.

Lastly, the available range, which is the upper limit of distance between the mobile and rreference stations
for the practical and effective use of the position-correction DGPS, were tested. The position-correction DGFS
measurements were carried out when the ship was moored in two ports were 160 nautical miles away from
the reference station. From the experimental results, it is concluded that as long as the distance between the
reference and the mobile stations is in the range of within 160 nautical miles, the DGPS errors anticipated are
17-19m in terms of 2drms.

The results obtained here suggest that the application of the position-correction DGPS is effective for

reducing position errors down to less than 20m in the range of 160 nautical miles from the reference station.
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