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Statistical method for accuracy evaluation of seafloor geodetic observation'

Tadashi ISHIKAWA *

Abstract
The GPS-Acoustic (GPS-A) seafloor positioning is a composite technique which combines GPS positioning with
acoustic ranging. Due to the complexity of the technique, there are many inestimable errors from each component
of measurement. Therefore, it is difficult to evaluate an accuracy using an error propagation formula. To evaluate
an accuracy of the technique, we perform a statistical evaluation of reproducibility of measurements through cam-
paign observations.
Here we summarize a statistical method for evaluating the accuracy of GPS-A seafloor positioning. We also inves-

tigate an observation time dependence of accuracy using this method.
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Table 1. An example of result of seafloor geodetic observation obtained at TOSI site.

£l HEM 1B 5 RS ZEE) ORI OB
A [year] 2012.074 | 2012.444 | 2012.786 | 2013.068 | 2013.521 | 2014.038 | 2014.668 | 2014.951 | 2015.414
FI5 1A [em)] 0.00 -3.67 -8.25 -5.58 -8.64 -5.30 -10.13 -12.94 -16.84
b5 [cm] 0.00 -0.33 4.04 0.30 4.63 3.72 8.29 9.85 11.86
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Table 2. Result of regression analysis for data in Table 1.
# 2. Table 1 ®F —% % [UFGHT L 72k R,
HEOHE | B AR 5 8 | HEZOSH | HEOHS | BHE | 95%FEK | HZ D 95%
fill [em/y] [(cm/y)?] [(cm/y)?] # [(cm/y)?] HORE | B K M
[cm/y]
R | -3.8 2.5 0.55 1.8
LA | 3.6 1.7 0.25 025 ! 23646 1.2
1 ' ' ' ' %A, 22T, 53‘ /\ﬁ‘ ﬁﬁﬁﬂ I Table 2 T/RL
F F@%@E%Tﬁ Aﬁkﬁﬂ%ﬁﬁ%?% x
2 T, DT ORI AR TE 2.
g x?  y?
z2%Aa + Zz/lb =1

g

5

N

A\

3

(%] T 0 N -

15 1 1 1 1
2012 2013 2014 2015 2016
Year

Fig.1. An example of time series. The linear trends
and their 95% two-sided confidence intervals
are shown with red and blue lines, respec-
tively.
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tor and its 95% confidence interval on map.
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Fig. 3. Scatter plot of difference between estimated positions and linear trend line.
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Table 6. 95% confidence interval of linear regression line.
# 6. NIFEROMEZX OHEED 95% FIHX .
[EF EAR DM & OHETE D 95%DIEHEIXHE]  [em/year]
1 E
{2 3 [l 5 [d] 6 [=] CE [ OB A1 H
[cm] ,
24E | B4E | 44 | 5HE | 24F | B4F | 44 | 54E | 248 | 34 | 44 | 5p |BLIUIHIH]

1.50 1.5 |09 |06 |05 | 1.3 |08 |05

0.4 1.2 {07 [05 |[0.3

1.75 1.8 1.0 107 |05 |15 |09 |06

04 |14 |08 |06 |04

2.00 1.9 1.2 108 |06 | 1.7 | 1.0 | 0.7

0.5 16 [ 09 |06 |04

2.50 24 |15 1.0 [ 0.8 | 2.1 1.3 | 0.8

06 |20 | 1.1 |08 |06

fEHX [ % Table 6 12" 9. Z&d, Z I TIAIE
D7z, BllE BT bOL LTEHELT
Wb, AOBIAITIE, HEXOHEEEDIESE LT
lem/y Z2ERKT A EEZOESDODHEELTW
05 ZHRBIZIE, 7T—FDIE5HDE O
D175 cm DO, A3 OB & 4 4FE LY
5 LETERTES.

BUANEERE & Bl EELE b L — 4 7 OBRICH
5. MRIZ, BUNEEE 2885 2 & T, B EE
MEALL72& LTh, Ji L 7R 55 % B 1 4
DI & T, HEXOHEEFEIRDOZ &
MHTE 5D, Bl 2L, Table 5 DAHERE D5, IR
1.5 cm REOFE#EFAETHL D2, £y MK
ZPGITTH T & THEERAEN 2.0 cm FREFE T
BALLA-ELChH, FHOBMINEEBATO 3 H
M5, 5—6EICHMSEs & T, FEEDOR
FEPHERTE A LD N5.

FESFBE CHIUE, BINEEAZL WD A
Vo MARE W, 7% S IXEN B O,
KR O A ESEOBIEDO T TII LT &
VR R R LC, R AE Z B %
B3 LT, RERIIERE L T2 OREZ IR
TEXLMhHTHA. 5612, BT — 7 2RI
WZHIC% A2 8T, BIEIIHRZ SN VIERIE
AT 2D EL 2 5.

4.6 SHEICAITT
SBOFITIE, £y MIiE75% IZHS LT
ERMVHEEOKTIZA SNV, IR

EORT LW FTAY y M EZIFTIC, BRI

ZWMPT L TELI LYo
CORREEET Z, by MREBRS LBIE

R T H TN AZ.TAIET, XDt

R - W HE R R BIBCR R 5 h b &

WfEsh s,

72720, EBEOBRAEE TIX, o8Bl HEK
D9 H RO B 372 % BER] O HEFRATK & v
728, BB 2 P5Ic Lz LTy, H
FICBIIE B Z /2 TE 2D TIE R,

I R EBOMM R L, RKEMOS5HD S
LR AHERDIZDIZIE, LEEINDHEEORE
ZEREL, BUNEER - B EEE YIS N & X
KE-BNFH 27 T2 EPRELE R > TL
5.

Appendix FEEHLEEDERREIR

T, ARRTIT) MBI e 22 5 B
BRIV TE LD TEL. AFHHZE LD HIC
bHizoTiE, Hp - EF (2014) & RFTRFHE
LRI EER (1991) 25E L L7,



Statistical method for accuracy evaluation of seafloor geodetic observation

Al MBFEED HOBEORIMLEDITSDE

RONCEB OB EIIBIT W EE 2 5.
COWE, RKOITZVEHIIEZBOEND B — 1D
JEREH & 72 5.

B, BERMAZEDTELWETHED
T, HEEOWED LGS NI ErEb o L
HIEDSL LWEOHEEERITH . T2 TIE, #HED
REEM & UCEE ¢ DJF 0 1250 TIEB S
A3 2 MR OB 7 — 7 OB Z2HET 5.

WEIZBWT, ERSAT L2 HEMOIXSD &
CRBIOERIC X RESE LTV RITIUE, B
R OFEI RO 2 EMEOHEE E 2 . Z
CCHIOFER & &, B2 e HARDFE - T
W BRI iR AR, WEROBRBERIC X 5%
MW RRERETH L. BiEE, BEOKIEIC
o TTOMYBEIANLIREBRETHY, BE
&, BIFERHTFEE T RT52LTTEY
BZHREDEHL TBIRE|RETH L. DT TIT
)RR TN & 2 E DAY S OFFfli, 1E
BOAi T BN RS2 H e LTn5720,
D L) RN REAEITOWY) rrhTns
(L LRI Tng) ZEZRifte L
TWa. 727201, KBS TclE, RN
RRETBYICHEET A ENTETV RV
D, ETOREZMENZ DL Lo TW
5.

EBIAT b AR oM E X, BER»OH
R OEARZIRE T 2 LY T 5. EREREO
WEIFIT 2 72, BHEROFME (REFY)
RO (B EBENETLIILIETE S
W, Z2C, METHELNIEARENLS, FHE
Moftate () Zi#HEET 5.

FRHEFD S n HOBEARZRY) ML 7L & DO
REMOEARNYY T L ARG E s 1IZRXTH 2
Lbhb.

Tz%,sz(x): Z(V;z_lx)
(A.1)

DT, LX) oBnRY, fits S idi
WZoWT1hbn FTOMERAZEEL, Al

OHIPEZ B L CE L AR, AT
AT EERDIESDEEZRLTEY, ERFHD
FIETHHER 1 bR TwL0T, SHOHH
Eidn—1%&7%5%.

FNZEhoWfHER,

E(x)=u, E (s*)= 0"

LY, AP - BEARSEUZ, PRI R
¥ BT AHEmE b, TDXIIC
Mw0 ] %<, BEOHEEDNTE ZHEER IR
g m &IN5,
BRI D& 2 R0/, 22h 56 n fd
DEEARZINY B3 LW TR 2 M) K L7z
Vit, AR T b COMELE T LH. EARN
YoR5HE, ofn TH 2 5N, WERSAmIE,
SEYEAS 1, WA o DIER S L BB,
NEFHEALL T, “FHMEAT0, 757HAY 1 OFEEIE
BUOAIHE) BT B &

r—p

olyn
ERD, 2 TRESINAHHICT TN LR ZIE
BAMRPORDLIENTESL., ZOXNEZETR
T5L,

—z<

<z

(A.2)

L0, WETHSNEAREY L 205
5, YT 2HHIRING. Fl 2L,
2=1.96 L 92 &, PP 95% DMfERTI O
HPHICHAET HZ LR 5.

7272L, ST THTHE 0D, il
WIXMB N TELRVETH L., £2T, By
HOMEEME LTRSS H s 29 &,

xr—p

s(x)lyn
TREHFRSINDIEIE, AHEFOt AT 2 &
BHISNTWA, 22T, HREIIER S ZE

HI¥ALZOHHETHY, 508G f-n—-1T
HbH. (A2 RNEFAMOEREZITS &,



Tadashi ISHIKAWA

_ s(x _ s (x
xr—z ( )<,u<x+z (x)

a Vn

(A.3)

LY, HHE -1t Hfit, m—1) 51E
JEAKEE o TR O X HEENTE B, #2113
n =10 DY, 95% OEBIXENZ, t 554 O Wil
58— v bR, z=tos(9) =2.262  HIF BN
B. t A, EBGA LD BIROILVGATH
D, HEEIKE L 4B 0 A0 DIEAPE L 7
5. HHENERKOMR CIEHRS M E —RT
5. EHGA &t SAOWM 5 78—+t~ N HoOfH
% Table A. 1 1Z/R7.

22T, (A2 X% A3 A»s, MEREK
n WP TILIL T, HEDIEE WL ST/
XLFTHIENTELIENDbRSL. I, Ml
EDAFED S ZRTEGHORE S0 0b 5T
2, IERITHRCEIP TR oA TETLE
AT EEBEHRLTWAS, 2L, A2 X*
(A.3) AAURTHIPHIE, L T TRFEHOHE
DIFTH Y, WMEDFRE, ThbbLEMEIPLDT
NZERLTVEDIFTIE RV LIEEFLET
bHBH. BEIL, BEEEMEIL LTS
I, WEITHAET B5R % § e EI3TEER
CHY Wiz ETF— s B A7) 25, 29 L7z
FHIFEEICWRY) B I ERATERTH L7720,
BRI EII T LI Ed . 207
W, EEPLIHNE R B R U TR OlR
ERDTEH, ZIWXHEHMEPIEETNED L) IR
HThb., LoT, WEICBWVWTIE, FHERIE
DENCEREIN TV, HESNLARES I
EOMEN R ERGRL, LEE ShDREE, §l
EMHEICRL TBLLERD 5.

RIZ, BRI 2O05H2%6, 2F D 2 KoLod;
EERERD. BREVBEHDD%E1%, BEROIR

LO&RIMEIEE LT, ThENDLEH DI
HUZI R, ZBHEOGEHLEET 5 LEDPDH
5. 2 RITCOMERE% (x,y) L35 &, AL,
HERA TSN,

_ S (xi—x)(y: —7)
n—1

< ORI R 0 00 & —30T 5.
PP D B R THAES AP IE, KUTR
ENb 2 Koo Lo &% 5.
K- ' X—p) =2

o (T | (M= _ Var(x) Cov(x,7y)
X(?)’ﬂ</«‘y>’2<Cov(f,y) Var () )

(A.4)

S IEATE O 5 HAL T BATYIT, 2 TR
PHETLHAOERL EDLHRUTH 5.
(A.4) RiF, x Ly D2 RZATH B0, HEEE
FROFEY M L 5T ay HE & F 5 0EEdER
WCERTE S, TORELEERIZ, = 2dAks
BTEICHIBELTBY, MHORFZLEREIS
D2 ODOFAHTRIN, ZRENO NI IG
TLEAEXRZ MVORRTHME % 5.

BEGEL - BERS OSBRI OB G, WA T 2
RICOIERGAT & %D, 2 (THBEE2 D 22 5504
2 QD HEME SN S, Bl 21X, 95% DEFHEIXH
3, OO LS =Y P EPSERTD,
2= 7305(2) = 2448 L 12 5.

BEGHR - REE BRI DR, BEARS B - BR

A HEMRE LTHEIT 2. ZoLaok
ROpAIE, 2ROt HAiE =Y, 23 AHE

2, n—1) OF 53 AiH» s, 22=2F2,n—1) &
LTKREA. 22T, KHHEIBIT Sz LAl
58%—+t  h L OfE% Table A. 2 IZ/R7.

I, SNFTIIHTEL 4 DOMERGAD
FARIZDOWT Table A.3 ICF 20 5.

Table A.1. One-dimensional two-sided 5 % significance level.
FA 1 1 KoM 5% i,
todi: 2z = t0,025(n) oY STt
HEE: n |1 2 3 4 5 6 7 8 9 10 20 100 | oo
z 12.706 | 4.303 | 3.182 | 2.776 | 2.571 | 2.447 | 2.365 | 2.306 | 2.262 | 2.228 | 2.086 | 1.984 | 1.960
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Table A. 2. Two-dimensional upper 5% significance level.

FA2 2KTOFHE 5% K.

Fﬁﬁ z = 2F0'05(2,’I’1,) X2 ﬁﬁ
EHE: n|1 2 3 4 5 6 7 8 9 10 20 100 00
z 19.975 | 6.164 | 4.371 | 3.727 | 3.402 | 3.207 | 3.079 | 2.986 | 2.918 | 2.685 | 2.643 | 2.485 | 2.448

Table A.3. Relationship among probability distribu-
tion of sample.
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