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The Relationship Between Different Setup Parameters of

GravitonEG and the Quality of Gravity Observation

Student : Chin-Fu Lin Advisor : Dr.Chun-Sung Chen

Department of Civil Engeering

Nation Chiao Tung University

Abstract

This thesis interpreted the surveying prin¢iple, the meanings of setup parameters
and the operation method of r¢lative gravimeter--GravitonEG. To find out the best
setting, we designed kinds of experiments using different “Measure Timeout”, "Filter
Length” and “Level Noise” settings.in different ‘Observation environment. We could
analysis observation precision of experiments using different parameters settings after
calculating the readings by using least constrain adjustment. According to the results
of experiments mentioned before, we suggested the most appropriate setting of

GravitonEG to take readings.
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3-1.3 LaCoste Romberg GravitonEG
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» Simple to Operate

» Self Leveling

» Rugged

» Compact

» Lightweight

» Self Contained

» High Sensitivity

» Integrated Data Logger

» Useful for Students and
Experts alike

» Tide Meter capable
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BOp T T 4 TS RCRTE AR T AR 1 T S0 0 g
B34 & HREFAL o

3 7T % % & (Level noise) :

E,m

4
v

'E‘

BORMEREAP ST REEND WL TREELT T R FRRD

2.

FLE-FLELAF A7 R FRATR(ERORTES Eoen 1K L5

»¥

medium & E_high) » % L & g M > & 7 830 LT hd Reflw o Ft o F AL

~ BEAESL (FTRE O APT LR Y ow SR 2o KB ST > 1 ER
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o mmaise; F 2 0 FA A BF R RFE IR DL IFRE (Bl b
Reriz g ~ A BRF Sh A R APT R F i S LA high 43
PREZEFRIE NI T - BaplE 1 v AP g " nedium HF LE - I F
Fe " RBHME > £4 FHor BTk Teen £ o £71 R enE 1K 25 high
WREEF be roRT T o e v g MBS R 0 T 2EN R Gt 3R

X %% higho

# 3-6 SETUP #7' ¢ x4l LR 2 K TG E R ELERRP - T4 -

##13k =% (Control)
* 2 £ st
[ - - 4% 25 Only at
Only at Start As needed OFF(m B®)
(Self Leveling) Start
- EE 5 ON
kT (F 423K 2 0FF > Bl 2
ONCH ) OFF (#)
(Level correction) TERER ALK TS
vEAE)
Low( > 4 77 &
Fex @+ EE Medium( ¥ ) High(%) - 4% 2% MEDIUM
(Level noise)
R ERE)
FEFBERREY PR TR EATRT S
FiRgR%EL1-23...4210% -
p# ¥ (Backlight) kigis 4 § 4%
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3-2.7.3 FHEPK T % (DataAcquistion) : &FHEPK LF?

Ly RS CAEOuput File) © 7 % G g b enF =~ e GEE 4% B st i
»EEEB IR AL WA ORI E X CVS
2~ €4 @ #ckEr (Grav Disp) ' e BEEF N EH A p BN A AL R
P EE S P G TR B AT R R R
g 4 it E o F Grav(F 4vis Pl i #iciE )fe TC Grav( g /% et
SR BB )D BERT RER o (FALDE iR s EIE L T
Ak 73N Y TGrav/TC Grav | sr'maR ) :F 78 (% o )
3~ BRI (Measure Timeout) : & @E 0 ¥ ek TR & 0 § 135 P 0 #7i
* e F AUTO p & #5558 VAL EXPERT B g5t i 7 € 4 s dlicm 3 #77 F o
@ AUTO p & 85% @ e BB Y o Measure Timeout € A2 & &} # 7 >«
e A FECOPER o PRI 288 REERL DDA REEF
8- enf T (oS i o feehiE R SLOFF M ) > S R S
5150 g p B anti? o Ao SERRAFETE  dokd
FHds i kd ot REQ§p 6 727 - TR -
@ EXPERT 2 3#357% @ iz B H558 ¥ > Measure Timeout & %7 GRAVITON-EG

FIE S A€ s L@ BT o (F &4 EXPERT #55¢ ¥ ehData Save %

e

¥ % Save detail data(ft s+ - # #cefm FTAL)EIE) o
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TR (DataSave) : @ BEA 7 § $FEXPERT & 7 A2 B2 -3

@ Save detail data(@Es# - @it PT ) REF - &R > ¥

€t LFEFTHEIERMY - EPIFITERE LT STOP # i &
g€ o FrEpERF7 d SETUP #55¢ @ o T gLip| ¥ /F (Measure Timeout) |

FEI R o

@ Save final data(fE e - L cF ) @ § 8 T H & STOP # &t 4

s RER §obh— £ RAT/ B EI S E 4 R TR
Wi Bima & R (Filter Length) "2 &t R B TR s TR
e FIR(F " U% e B ip ik B) Ml ik gk P& R o 4k g
3 11030~ 60 ~ (20475 S tEemg 2w 3 | St pplpr i -

i 3% Bk T (Continous Read) : &= BEA X € 3 AUTO p S8 2 4 B
FovURRBEALEFR - XE4 FIie > pRLEFT- BELA4 AR
foo (e * BRAFFEET > RFLBBEEF DA USFIALT g4 o)
WA IEPF T (Read Delay) @ AT R B ARFER B EEEY 0FH 2484
B AR RTRLRESE S AN E G E AT o - R e ¥ 3
none(#& 7 * F)& A 24 » ¥ X T RA0~120 f) -

@ #4732 e (Accept Error) @ i& B © € 44 AUTO p #4058 A 2

FeooBRAT U BMALFRE CLHKLE b BHIGELT
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HErom PES I FPFAREL NIRRT BFLFLE RE
1*%'% FEBR REERES BF fgﬁﬁilpq BT Reodrk A L FHE
HREZ E- E R TR BGEA T L E & %ﬁﬁg - B
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ERFLLABH ERFHEL LB LT XA TR £ FIA BAp

oA € A - 1A e e

@4 % v % #(Error Windows) : =& H-r ¢ 3 AUTO p #H:\ & 4 B

o A S TR R PRI LR (R L n f) L B ) #
LR R L 7 L E(Accept Error)®k . » 28 &£ 4 B s - 7
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203-7 SETUP HC5% ¢ FLMERk T 2 3 TABAE S 48 B2 oM mp - T4

TR E P T % (Data Acquistion)

5 2 HH FT i
ﬁﬂﬁ#%ﬁ TR
B LA
(Ouput File) &, CSV

4R T

(Grav Disp)

Grav(# #4c 4 @ ecit a3 #ic TC Grav(z /& @z &7 #ic

) )

Save detail data(# rg— £ | Save final data( ¥ & izt

PFRE - e KRB Euhks- £

Expert #-3¢

Save) A
HLo TR LR EE
JELIR| B R
S
(Measure 210609047 ~ 2~3 =0 10,4 45
A
Timeout)
WiRiek & R
1~10~30 60~ 1204/
(Filter Length)
B ERET [ 3-510--%
ON( & #p gLip) AUTO #-5¢ &
(Continous N OFF
# ) #
Read) pE e d

BERREE R T

0(None)~120 #;

(Read Delay) none & 2 )
BEFLFLE None 0.002mGal (R Ry | %3 Rk 8 © < | AUTO fic5¢ &
(Accept Error) (B B) x D) gl *

FLETCRE AUTO #-5¢ &

10~30 )
(Error Windows) *
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3-2.8 F @45 (CALIBRATE MODE)
PHERT T AR ARF AP AP B L RFR DS S B

PRV UEEAFERE BED Trange; (FHE 4 Bl iEApM) o x5 2T 10

B T EES R T F AN E 6 hoB 3-17

‘et Cucles Cucle Wait Level Bange Rdiust Range| [Cn
[Hone | e 1 |38 sec| [1008] ) %
jelf Calibrate Meter Parameters

Hone |Restnr-e to Last 3Jettings |

et Current DatesTime (GHT)
[83-13-26861] [11:17:49|
mn—dd—yyyy hhimn ss

W

el

Leg Position

|||n action 'Eg

Graviton EG-1116
LaCoste ¥ Homberg =
fustin,d TX USA P
Firvmware ° Uersion 2.82

Soltware ! Veraion 250

AESSAGE : Timaout in 54 seconds

Bl 3-17 F 2 hIF o PRI VRTLREFF A LEF - L REFADI

BlEe id e+ T EERBAHMTR -

1~ Test:# EHLEFAPREEP o ¢ 375 none(? i&{7) ~ Latitude
Reset ~Long-Level test~Cross-Level test~combined cross/long-level

test manual counter sensor-range ad justments( ® Adjust)~0ff-level
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test FE A o

2~ Cycles: Pz rE T pPlEE € Bmd=t o 7 MEH 1-50 = » & &
FF e TR 48T STOP # v dE i ok o

3~ CyclesVWait:# k-2 BREFBERAFIEFE S 5 A o = § Hhpld o
® e FLO~30 frad "#731%5@ T B AT MK EI]D A4

4~ Level Range : =¥t 47 » § RBR A o2 T T HHE RER R

e
i
It
o

f

Tg U g pFp 7ok R (Level Test) o — 2@ 3 o

hiz ¥ o BB E D

F_L

5 Adjust Range : i B #cEz2 " F B HP 5 o1
range AHFEIE F s hE c m B e A& BRFUTRERR Y o - A1
FE G DI A PR R R ok v A B e TR R D
T T Al et a L AR Lrange (R FE o
6~  Self Calibrate : iz 7 ¥ 12 fx# GravitonEG 4p 3+ & 4 &P 05 2
Bt o Py @ BP R REE
& None @ 7 i& {7 p|3E
@ KT (Level) s 7ok Tk stehp B &

€ 4ot (Diagnostics) | 7 MR AN BT RBODB U X ARE

=\
==
=
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WAL RY -

F_L

BFER- B2 0 FAE RS TR R

T~ Meter Parameters : iz i £ 38 v3F i * ‘F‘f TR RBL W - W -
LI SER Lo T U RIVRR RN fE k2 W AR e e

Flo i w R I - S Ao A B F R R A SR T
TR RBHEHET E WA AT - RT F R w e EK Te

8~ Set Current Date/Time(GMT) : %7 ' # L 2z P a0 p Hp ~ BFRAF o R & 7
FERIEBE TS - REFRERPAPFE > B - Bz R A -
TOMBFLREPINT AT AR RAPE G RL o BRI
B R TR e e T EEE(GMTAUTC) » * 24 ) ) en— 583t

FoRESPESN MBI DT @R e 8 ) pF 0 T L GMT/UTC

9~ LegPosition: &M@ n3Fi ¥ H RF YR R 2N e~ RE

AE(H) Y (FEG BTG RepEE) o

THBAF 2w A RBUL P F R NATFIZ REF F HF La @ R
S
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3-2.9 RBIFHAD

GravitonEG Ap ¥ & # R #m3eskefik 2 X csvo v 1% EXCEL #cd8 &% & H =

> 3 BRI F kAT o @ GravitonEG 4p ¥t &€ 4 &Roriesradb 2 P ~ N (0

ZHEREAEP Y > B0 TR E Y B eyt )R A drd 3-8~ 3-9 T

% 3-8  GravitonEG 4p%t € 4 GBI FT AN (- ) -
=
EG-1184 DATE TIME |RAW GRAV| TC GRAV | RMSERR | TIDE |LATITUDE
Hix | RBAEH |p/7" /& |FF/~/F| mGal MGal mGal mGal ;4
HiEA P
(% 7 ARER 7T P BLIR
RS E A fst e el i
EVE S ARSI P TR R TR
G E SN § S
=8 L) HxE
f&

# 3-9

3 E 3B L P TN FRFA S EA AR F

%TFJ ’ZFE»%I}ET_“‘_"_L?#;LO

If_% J

GravitonEG 4p & # REPIFeE&FTARN(Z) - 2 92 R R

EE3 - B
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B m - - B B mGal 0. 1hPa
B F (e
Xew 2 |V 2o 2 |RRERER RBELF KT £ PER
R BTG A ¥R
=EE S JAEX S 31 PYEAR | D E T
)
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PogesT kaniEmn TR ZHEE D RFEVUER ORI R KR e T 2
BRBEEARFERET A L E R FROE CGEF R FEZR
Byt § Riedknd =5 0. 1hPa> 3 S8R F ¥ 2 ke

Tohd MR BT kend 4 B m i B el

Ren
XN

i

2N

RAW GRAV = TC GRAV + TIDE 3-D

AREPTRF A r REFZ AL hira gt e B E-HER

FI¥ A A% £ 5 (50.00ImGal) » - SR ZAPHE A BIET T o

FAAFMHRDRRIITES > F RIS

o

BEMA -] ,;ﬁ:’,é‘z)\ﬁtziﬂg °

|
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3-2.10 ZE&xF vk * £ 5

G- Fenhg o 7@ - B * GravitonEG i 7 BLP| LS 4o AF

(02 Auto p B RN R E 4 RRD ¢

1~

2~

#dg 4 RBDNENEFREEET P2 T [POWER] 429 1-2 f5 1% -

EEM BT 4 RT ek A2 218 0 & GravitonEG Ap ¥ £ 4 &
R B FE e Tt AUTO BN £ H -

g~ [SETIP)E ¥ i f R seid FRAIH (TR L5 Pl - =~ 3
FEpIZ S0 BTG 0 BB N & 2R off) ~ FARBIZ R
(Measure Timeout i3k 3. 4548 )45 fie 144d 8 g B & & (Filter Lehgth
#2330 4) o R E A 3% 40 £ (Accept Error #£ 33K € none & 2) -

a [SETUP):£ H # » #-9 & kT3 P eea [Only at Start]) #-7¢ > [Level
Correction) :#F 7 3% % 5 on(fxd -k T4tz £ 4 31 ) [Level Noise)
Z Fdg Ty LEk s Lows Medium 2 ®_ High - fptk% T3
Medium e (- %@ 5 » LT FLE4 MPFATEPGf o B & Lp i
HHBRSLFEYE S DRET > BT RS High REA g
EE )

iz » [PROPERTIES] £ 5 > %l RIBEZ LA SR FRE(TRERR
A PHNhES BB r )

T Ap ¥ &> LCD + [START] #2 5 crwt v 42( 2 AUTO #2558 ¢ 5 % = B #
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10 ~

11~

Eb’.‘éﬂ')"li‘e’gi} ﬁvi’-‘/ m‘HjE‘? 23 E./( Eﬁ{% iiﬁ%

BLRliEAEY A REE P AR KT (Level) &7 kg pBRBER

PRl % T8 %8 (Unclamp) » &7 k3 &8 ¥ 0 RANGE(Adjust) » & {8
B 3f Bic(Measure) > = 21 ¢ p & L 4 + F 23 (Clamp) ~ p & F 4%
(Save)ts = = iz =k erplB| (Finished) o

GHIT Y hAdjust R ¢ 0 FAERETACE EH - 3

Sk e B (Glhed TRE TSI E LE) S

—;Z‘r‘/” 4 ok

T k% Tin range |, ek T 0 ¥ iv € € 3 B A2E 100mGals > ot pF
gRd - BHFERTAFAS L L P re range h1 T 5 P pFZEH
[cancel] %38 > B] GravitonEG &g & §5x re range 733 £ > pL 35 1 %
NFF AR o P50 R F & Rlre range ¢ 1T

## [0K] >+ -

F - RPLRIR S § DIRTZPIELELR BRI T > T R RS SRR E

HBg ety o 3B A7 17 [Reject] Ml % » £ % £ )5

FIT A o, o B [Accept] X BB LT - B ERIEES

BLIR|
THedrT E4 BB RIFIREERE > N EEFES

58 o

PR RES (I FRIBEE A I RER R B
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AR FHELLANEHRBTEFIRBTIREE PN FRE O TRP T
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4-1. 13 5 &

S RE S MR SRR TR AP TR - BT T RE KR

B FILAPY B 2 AR - LER - AT KREFY B RN MR
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FMATAE - - ny - Kook R s He BB RIER U AT
BEGFET O RELTFLERLOPEL A
4-1.2F % P 8 R B S8R 2

EdADNOFTEREUALHF 7 IR o2 RERBOF LFITLHK 0 B A

FRAZY RTPRATHETIRLE L85 TRRIPFR TRkt & &

9
s

(L3 fpfgpec) 2 TEFLE ) =2 AR LHHEAPF &G > 50
7 f% Graviton &k BendF B p A0 g P GV E FE Y o AP R %
KRBT E PR AER o F > AP T L AP IR

(D7 PRI FERS FBRRAL RIS B NS Sl § B R
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ik B RHECR LR e

BEL o I PR B T B AT
— ~ R PF I (Measure Timeout) : 3~5~10 ~ 45 - (F] &

o ol gp| pE
LB PR R > T i € FIEL T RGE B > REAER LT
fm G HAAD 0 R
o)

AERHEREY P SN T ORI R D
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103060120 4) = (5 1 e & @
BURIPERE » |20 10 £ 14 T et £ R LE - AP AR kY
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F SR 0 AUTOA & BLAIES @ = S oy KT R 23
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(2) EPFm>2 %3 PN EFRE

-
paEz

Py

s

AP R2ZES FEr T RE
B s RN e S (2R A PR T ED

Z BRI R o 4t TR
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B 0 5 pe 30 f’)i)@

=% 3 #ic
Bk T i Ton o
BLPIPFRF oL P S BEDfE X B F B £ 24 ] pF
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‘?’ﬁ/?

TR RN E R
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s
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Pk 2 BRI o fRERF = S e R
(4) 2 BAEHRBEEET 28> % 2 FhREILLFLEEFLE A
EARRII] % 70 A3 RERT o AT FATEFLER LT D
BRI F 6 F 5~ chiwl b BF 8 g 5% (3) v A LR 2 6 o fLip e
RnZ P o AP PP %Y AR UL FF TR AP AL B
YT RRR NS ROIR PR WA 4] AT

Fo4-1 k7 AT AIBRIE I R R S BOR TR R B

FgA— ¢ L | #FAT L AT | A5 LA E
A REE MR EY L AR

kpd b oo By B AE | (B ATH
(ghi= D037 ~ i o (BLi : g B e
1039) X028) T 4 oaL

it Bk
Lreer on | LT FRADTEEF LT | LT FLRT
B [N ¢ 3

IR o AR AUTO BLp -5 > e lBIFF R = ~ 4822 30
Frei@ iRk & R F Bl - BB (F UGB )R B R B2 BR T

TE(LOW > Medium ~ ngh){g—f‘?v— = Eéﬁﬁ: .

4-2 HE FETERILS 2

# % GravitonEG Ap ¥ £+ RPF - d W RBEPZTRBAEA(B)~ §F B3P (H 2!

0.1 F do &L R 0 e dffok) o T enth R Y g R BT AR T

54



B(Fe g h R A~ 29 BRI TR ) F A Vb R R E kesipl

GravitonEG Ap¥t&€ 4 &kt > d G it S8 1 FR g aed > £ 3o

H0.178m (=&~ > 2RB4-1)1 ER REBER BEMTAZ 28 - Fpt 43

TR ERg
RERFRE > APLAEP G EIRBGF OB A L4030 1778m > T 5 &k BiEdt

RS P (N ded o AR EFRIEE I E MM G N B AN G oA T) 3% IR BEEE

Wre2ZFR O TIRES o

NS IS LS E LR T e L ¥ SR g ¥Rl

4

ko A T Y vhiegkd

=

T ot bR BRI REF L A
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Wz Ii,‘gglé * ot R - TEEF'*m;{ 'L‘E\?- S GMT/UTC Bi‘(p/%*”a'? PERF R A

=
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LT RO REFERE L I_E'_Féﬁt'f—rpkizﬁ Prenfg it

Measure pomt for Gravity in Graviton-EG meter - view from back side.
IR ———

o] & -0

Measure point for Graurry in Graviton-EG meter - ngnt side view,
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|l A —=3.15 inches —
=—25inch —

Bl 4-1 Z®B 5 GravitonEG ik B p % sensor 2. =% 2. LB > + B 5 R4
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dEA4 PIEXFFIRBEREFNZ O LT R FE S RBR I kR
RIRESRA Gaph > 30 3 TR DR Y > AP FERATR DL 4 G il st
MT 2 BB RE G RAIEEL GRS o mp Pl s mAap(TETE
TinjEa kG )% s B1f s » TokEi - EEFIHE(2]F 48 MEE
FHRE2001) 0 ¥ b REFZ AL T slm@it > e T dlies £4 %

AR -BT W RET o EmFREErZE4 B(E

NS
Hv
o

=R
<
;\“J
=

P EHER TR G MRl B oSSR A ) -
Lo Bk ARy P BRI R (7 e B JE P iR RIS R E

L 1 R R

4-2.2. 13+ 5 £+ REPFFEHS 2 22 £(1,8,12]

& RE[E A NREREFLEF OEMR L SN @A 0
FlZ o ¢ REAFER S bl - BRERSE 4 B ASE D 2

oG A BAL T - B PERROFRESE £ Y

TR BERSE S S 5425
Zmzzm)+%?ﬁtt)+1f2xp4)-+Hasm—t)+ .....
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Hoet 5 2 BREPIFENET R -
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FATEENES S ENU-3N)

2(t) = 2(t,) + d,(t—t,) + d,(t—t,)* + A, (t—t,)’ 4

= 2(t,)+ Y, (t-t,)° = 2(t,) + D(t)
b (4-2-2)

B ozZ(t) &7 2 Rt BT iR BIEH
HAAPTUBHEDY - A i AN REEPIZES BE
BRI IR B ety 8005 - BRER LS ZHE o 4o lieh o
FEFE(R Y - A AP AE D - BRISAER ST S E
218 0 Rk AnhaBE( f gt SR (TP B % i (7 LR Bk AR PR 2
4RGP EE Sa ERENE 4 BRI BE S b R IRPFRE S
Ate FliclEse »REF APE e 2 A N%a BD
pUpE AP T U R B A ip IR ASASERK P PR (T LR 0§ R B E

4R

|l

D(t)=b'-a' (4-2-3)

Aot PR RBES D S

_Do_b-a
At At

D (4-2-4)
Fle AT 3 N E A BERLRIIE B R S OAL PRI E 4
HlcehE 4 B £ D) ¢

D(t)=DxAt, (4-2-5)
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AT PRRER &)Y o d N E - BB SRR PR F S A -

BolpERN o APAL RERESDFE A A SRIEFH ()

(47 > F AL BEG RTFLATRRIE > PRI B IEH E e
B AR BT i0 s ikdther L 2 TISELRIPEE L AR iE
-~ P EHEERFE €4 B TERESE o

4-2.2.2 3 E ®REH i £[13]

L 2 RIBFE €4 RERIF > LZRN kehd 4 B4 2l R

FREEBFZE PE s Eifidce ad WRFE FRBH G - B

A R § S

o
T
nog
Y
P
74-
g
F
I
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E
gt}
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fmf-

L 4 FEIE I -BA oA R vEg o4 E g0 0.3086mGal (£
4 ¥ & gradG=0. 3086mGal/m) > A8} ehd 4 BERZD R AE 4
FHciEie  Ag,(0.3086 %k F REB iz £ ¢
Ag, =0.3086 x InstHeight (4-2-6)

HF AR HAETEPIEF APZELREZRPENE S R E
- BE Al REHRAAALFAhDEEEEFRR FHL
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C A MARP I AREE BERET L
Gl Y F - BELRRIPEL KBRS 20 ik
0. 3086mGal/m =& 4 # & e LB E )3 3uGal > FletEed
FRERES L AR TR ARES Bt F g .
4-2.2.3 3 &7 (Tidal Correction)£[1,2,12]
L 4 RIEGHE 1 £4 EFLPpIAREPIELH EAZIE S DR
g ¢ 3575 » 3k AP (Solid Earth Tide) ~ 7 4= ik (Ocean Tide)
274 5 K f 47 (Ocean Loading) * #25° & -
PR EA e BEeARE R e £ vy H T B X H§
TR IR A R R R B BT > Mg F1 S P 7 51 A
F - Y TR TSR G R
B~ 5 ¢ 1 0.3mGal =

A F A AR kiR

rrcga AR ES BAS R
BB R SRR BiTE L > TR I o d
Prem e s AR DIEAK o B HEAPE 5 L0 ok
Tt oo KAEZBERL ] VBT B X £ 4 T
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AR R RS RARTEEAAS GA RERTERL T
BAaE 4 I E S SR R IE D B A 10.008mGal =
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A
Y
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!
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Sk

LF PR g R galdeE S i .
Fougaby gt g L ([15]Torge » 1989)
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(4-2-8)

5.2559
P, :1013.25(1—M) (F )

288.15
He HAE4 B2 a3 (H i o) FRpls RS L3
10hP, » RIS & sEAps & 4 fEd B4 514e2 82 5 3 pGal -
Bhv 2By o d wF RL RIE ] LhP, o F R F R
LR L

4-3 T APE

Ayt o BT RFEZFERR APFTREFTLOE o BHE -
BE 4 ERRI BN 2 M AT M EIE - BERIEE X AR
FIFRFGE 4 o BT ORAPT B BRIE w S Ap i E 4 2 ARt

| +v=g+ N, +AF )+ D) (4-3-1)

2eoval(Hitpdd mplia)2 i Ny s A% D(t) 5 &k F PR

EHE o AF(2) 5 RE2Z F w Bk ¥ &7 5 ([15]Torge » 1989) :

AF(2) = Z:bkzk +Z:(XI cos®, Z+ Y, sinw, Z)
k=1 =1 (4-3-2)

;fﬁ‘&,?‘z}lit"j\ﬁ;°[l6,l7]
RII, | 7 sben it (5 eng 4 iRl e & 3 f2 5% 3

Alij+V; =0, — g +(AF(z)) - AF(z)) +(D(t;) - D(t;))  (4-3-3)
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VAR T SE2 (5 pEE A R AR B AT

Al +V; =g, - g +(D(t,)-D(t)) (4-3-4)

FEPIFRE % - PP S Bic D) =at ap] > /258 5

Al +Vi; =0,—-g +at,—t) (4-3-5)

FRURIFEF R ERCE > 5% Z PR enpE RS S8 D(t) = at +bt? spip o Azt 5

Al +Vi =0,-0 +(@(t, —t)+bt,” -t?)) (4-3-6)
A BRI AR 0 AP T BN = RPIF £ TRz Azdegh i AR (4

FBEA L 0) ek HHEL e
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17-Jun-04
17-Jun-04
17-Jun-04
17-Jun-04
17-Jun-04
17-Jun-04
17-Jun-04
17-Jun-04
17-Jun-04
17-Jun-04
17-Jun-04
17-Jun-04

TIME

10:43:15
10:46:47
10:49:58
10:57:33
11:02:58
11:08:09
11:20:02
11:30:24
11:40:34
11:53:13
11:56:13
12:05:12
12:10:12
12:15:12
12:20:12
12:34:33
12:44:34
12:54:34
13:04:33
13:12:50
13:15:50
13:18:50
13:21:50
13:24:50
13:33:38
13:38:38
13:43:38
13:58:10
14:08:11
14:18:10
14:28:10
14:48:47
14:51:47
14:54:46

2547.49
2547.496
2547.486
2547.577
2547.573

2547.55
2547.579
2547.608
2547.579
2547.553
2547.538
2547.569
2547.566
2547.579
2547555
2547.551
2547557

254753

2547.52
2547.543
2547.537
2547.535

2547.54
2547.528
2547.527
2547.525
2547.507
2547.508
2547.502
2547.514
2547.513
2547.464
2547.484
2547.493
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TC

2547.409
2547.414
2547.406
2547.497
2547.494
2547471
2547.503
2547.535
2547.509
2547487
2547474
2547.509
2547.507
2547.523
2547.501
2547.503
2547.514
2547.492
2547.486
2547.514
2547.509
2547.509
2547.515
2547.505
2547.508
2547.508
2547.492

2547.5
2547.498
2547.513
2547.517
2547474
2547.495
2547.504

RMSERR

0.454
0.455
0.325
0.264
0.358
0.396
0.442
0.401
0.333
0.416
0.384
0.282
0.319
0.483
0.332

0.37
0.427

0.38
0.401
0.331
0.357
0.364
0.409
0.488
0.313
0.335
0.326
0.369

0.41
0.454
0.346

0.25
0.259
0.349

TIDE

0.081
0.081
0.081
0.08
0.079
0.078
0.076
0.073
0.07
0.065
0.064
0.061
0.059
0.057
0.054
0.048
0.043
0.038
0.033
0.029
0.028
0.026
0.025
0.024
0.019
0.017
0.015
0.008
0.004
0
-0.003
-0.01
-0.01
-0.011



SMI10F
SMI10F
SMI10F
SMI10F
SMI10F
SMI10F
10M10F
10M10F
10M10F2
L3M30F
L3M30F
L3M30F
L3M30F
L3M30F
L60S10F
L60S10F
L60S10F
L60S10F
L60S10F
3M60F
3M60F
3M60F

17-Jun-04
17-Jun-04
17-Jun-04
17-Jun-04
17-Jun-04
17-Jun-04
17-Jun-04
17-Jun-04
17-Jun-04
17-Jun-04
17-Jun-04
17-Jun-04
17-Jun-04
17-Jun-04
17-Jun-04
17-Jun-04
17-Jun-04
17-Jun-04
17-Jun-04
17-Jun-04
17-Jun-04
17-Jun-04

15:02:15
15:07:15
15:12:15
15:17:15
15:22:15
15:27:15
15:38:54
15:48:54
16:05:14
16:34:03
16:37:03
16:40:02
16:43:03
16:46:03
16:52:08
16:53:08
16:54:08
16:55:08
16:56:08
17:02:05
17:05:05
17:08:05

2547.52

2547.51
2547.459
2547.506

2547.49
2547.449
2547.483

2547.53
2547.454
2547471
2547.462
2547479
2547.486
2547.512
2547.495
2547.502
2547.466
2547457
2547484

2547.49
2547495
2547.518
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2547.533
2547.524
2547474
2547.521
2547.507
2547.466
2547.501
2547.548
2547472
2547.485
2547476
2547.492
2547.498
2547.523
2547.505
2547.512
2547475
2547.466
2547.492
2547.496
2547.501
2547.523

0.307
0.254
0.228
0.282
0.286
0.331
0.279
0.38
0.561
0.3
0.288
0.38
0.362
0.37
0.299
0.335
0.293
0.397
0.243
0.329
0.397
0.332

-0.013
-0.014
-0.015
-0.016
-0.016
-0.017
-0.018
-0.018
-0.018
-0.014
-0.013
-0.013
-0.012
-0.011

-0.01
-0.009
-0.009
-0.009
-0.009
-0.007
-0.006
-0.005



i G % (3) ~ ()2 BRI R ik

EG-1184

NCTU
NCTU
NCTU
ITRI
ITRI
ITRI
1039
X028
D037
D037
D037
D040
D040
D040
ITRI
ITRI
ITRI
NCTU
NCTU
NCTU
NCTU
NCTU
NCTU
NCTU
NCTU
NCTU
NCTU
ITRI
ITRI
ITRI
1039
1496
1496
ITRI

DATE

18-Jun-04
18-Jun-04
18-Jun-04
18-Jun-04
18-Jun-04
18-Jun-04
18-Jun-04
18-Jun-04
18-Jun-04
18-Jun-04
18-Jun-04
18-Jun-04
18-Jun-04
18-Jun-04
18-Jun-04
18-Jun-04
18-Jun-04
18-Jun-04
18-Jun-04
18-Jun-04
18-Jun-04
18-Jun-04
18-Jun-04
18-Jun-04
18-Jun-04
18-Jun-04
18-Jun-04
18-Jun-04
18-Jun-04
18-Jun-04
18-Jun-04
18-Jun-04
18-Jun-04
18-Jun-04

TIME

00:34:14
00:40:56
00:44:06
01:17:20
01:21:33
01:24:43
01:52:32
02:12:37
02:38:33
02:43:18
02:46:28
03:12:08
03:16:17
03:19:28
03:56:41
04:00:46
04:03:56
04:59:30
05:02:41
05:05:51
05:09:02
05:12:13
05:15:23
05:18:34
05:21:45
05:24:55
05:28:05
06:17:22
06:22:20
06:34:13
06:57:57
07:02:05
07:06:14
07:24:51

RAW GRAV
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2547.517
2547.498
2547.494
2556.631
2556.631
2556.633
2562.515
2565.011
2575.744
2575.453

257547
2568.892
2568.895
256762
2556.521
2556.538
2556.539
2547379
2547.365

2547.37
2547.381
2547.373
2547.384
2547.378
2547.379
2547.395
2547.382
2556.613
2556.622
2556.613
2562.562

2562.61
2562.595
2556.696

TC GRAV

2547.55
2547.538
2547.536
2556.705
2556.708
2556.713
2562.619
2565.131
2575.881
2575.593
2575.612
2569.046
2569.051
2567.919
2556.687
2556.704
2556.705
2547.534
2547.519
2547.523
2547.533
2547.523
2547.532
2547.525
2547.524
2547.539
2547.524
2556.721
2556.726
2556.707
2562.634
2562.679

2562.66
2556.744

RMSERR
0.295
0.216
0.323
0.399
0.212
0.287
0.369
0.387
7.364
1.171

1.05
0.325
0.306
8.453
0.307
0.394
0.319
0.295
0.283
0.221
0.257

0.27
0.166
0.257
0.195

0.3
0.255
0.263

0.29
0.182
0.291
0.261
0.213
0.284

TIDE

-0.033
-0.039
-0.042
-0.073
-0.077

-0.08
-0.104

-0.12
-0.137

-0.14
-0.142
-0.154
-0.156
-0.157
-0.165
-0.166
-0.166
-0.156
-0.154
-0.153
-0.152

-0.15
-0.149
-0.147
-0.146
-0.144
-0.142
-0.108
-0.104
-0.094
-0.073
-0.069
-0.065
-0.048



1496
1496
1039
1496
1496
X082
1496
1496
1039
1496
1496
X028
1496
1496
D037
1496
1496
X028
1496
1496
D037
1496
1496
ITRI
1496
1496
D037
1496
1496
ITRI
1496
1496

18-Jun-04
18-Jun-04
18-Jun-04
18-Jun-04
18-Jun-04
18-Jun-04
18-Jun-04
18-Jun-04
18-Jun-04
18-Jun-04
18-Jun-04
18-Jun-04
18-Jun-04
18-Jun-04
18-Jun-04
18-Jun-04
18-Jun-04
18-Jun-04
18-Jun-04
18-Jun-04
18-Jun-04
18-Jun-04
18-Jun-04
18-Jun-04
18-Jun-04
18-Jun-04
18-Jun-04
18-Jun-04
18-Jun-04
18-Jun-04
18-Jun-04
18-Jun-04

07:29:47
07:34:07
07:51:52
07:55:58
08:00:46
08:23:28
08:28:42
08:34:02
08:53:00
08:56:55
09:01:06
09:21:56
09:26:27
09:30:33
09:54:46
09:59:15
10:03:35
10:26:32
10:30:46
10:34:51
10:5543
10:59:53
11:03:47
11:32:54
11:37:59
11:43:05
12:11:26
12:15:36
12:19:44
12:46:05
12:51:12
12:55:48
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2556.703
2556.685
2562.613
2562.607
2562.621
2565.108
2565.097
2565.092
2562.663
2562.667
2562.647
2565.167
2565.149
2565.167
2575.676
2575.651
275.88
2565.193
25635.2

2565.205
9575.685

2575.686
2575.685
2556.84
2556.826
2556.831
2575.856
2575.7
2575.703
2556.803
2556.804
2556.813

2556.745
2556.724
2562.635
2562.626
2562.636
2565.102
2565.087
2565.078
2562.633
2562.634
2562.612
2565.118
2565.098
2565.113

2575.61
2575.583
2575.811
2565.116
2565.123
2565.127
2575.604
2575.605
2575.604
2556.761
2556.748
2556.753
2575.785
2575.631
2575.635
2556.745
2556.749
2556.759

0.391
0.249
0.347
0.323
0.371
0.289
0.164
0.258
0.237
0.263
0.311
0.235
0.295
0.274
1.021
1.902
3.954
0.262
0.341
0.287

1.4
0.568
0.445
0.242
0.249
0.321
9.189
0.423
0.409
0.309
0.407
0.423

-0.043
-0.039
-0.022
-0.019
-0.014

0.006

0.01
0.015
0.029
0.032
0.035
0.049
0.052
0.054
0.066
0.068
0.069
0.077
0.078
0.078
0.081
0.081
0.081
0.079
0.079
0.078
0.071
0.069
0.068
0.058
0.056
0.054



“t4%D. 3 B GravitonEG &R Fie * 2 1pM K £ &

NTEIPAFL(RE A F R F N EE L5 Lacoste & 7 R TR TG

B¢ GRAVITON-EG e— & B* & !

1 ~ We know that the Graviton-EG collect and record gravity data at

different time stamps, like 1 record in 30 sec, 1 minute and so on.

Does the meter collecting data all the time? Do you know what is the

algorithm of filtering the data to get the right gravity data we want?

A sy Graviton-Eg € &7 FenpE IR f T isdrE 4 TR A 30 f)-

»
»

(33

§ AR Ak EEE

PR REBACES P b TR SR i g RE AR P AR

Tfiltering  i# &2 kiGjp B AAPER Gp e 4 BT

# : EG meter has a number of user selectable filter lengths - from 1 second
to two minutes. All filters are digital FIR low pass filters. There are
also user selectable reading lengths from 2 seconds to 10 minutes. In AUTO
mode it just records 1 reading and stops. In EXPERT mode it can be set
to keep reading/recording data until you stop it. In normal field use a

one minute filter with either a 2 min or 3 minute record is adequate.

EG 3 %% &i¢ * HiE# gk & (filter lengths) » #_1 ) 5] 2 » 457
F oo Bt A H P FIR Ml g F o ok FRALR Y VE o Rk
ROE2HI10 2 4) > b f ST > REF e8| BFARAL T 5 6h

FHP 0 REV UK L F S AN P RT STOP 2 18 edkdl T

85
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B PER o

2. Do we have to perform any calibration steps or how long for us to send

1t back to have a throughly test of its function?

APFENGEROFAAIE? AFLAPIARE 2P WREH

F et ROPFE?

# : The only standard user calibration is to check the level settings
before the start of a survey or every six months. Some users check the
calibration of gravity every couple of years - this can only be done if
you have access to known good setof gravity base stations that are between
20 and 50 mGals apart. Other.than that,  justkeep using it until the meter
starts to have problems! Wedo recommend that it be returned to the factory

every 5 years for cleaning and tpgrading:

KTHER JRRY X EAFIRSEGRE S Rend L KA AL FLF ] A
Bodefd L8205 50mCal L E AL AREA G RE pp L
Fer v EIREFLAL P IAPERST ELEY R & AR

ok 82 A B b 3 o

3. Do we have to pre-heat the meter? How long will 1t take for pre-heating

the meter if after a long time unused?

AP ZERGREE? WwEEPFFARRY KRB APZRET S DR R
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% : All relative gravity meters perform better if they are keep on power
(heat) AT ALL TIMES! The only time I would not have the meter on power
(heat) is when the meter is being shipped. At all times in storage the
meter should be on power! We recommend that if you are transporting the
meter by car that you keep it plugged in even in the car- a power adapter
1s provided to do this with the EG meter. Storing the meter on heat makes
drift decrease with time. As far as I know this is true for _all heated
gravity meters. If you do have to ship the meter to a survey off of power
then I recommend 48 hours warm-up. People do use meters after only 24 hours

but drift is much higher.

“TF AR 4 Rde® GAERERAEE Y TR BT £

R Ak ARG G FRRBRG R TR B
R Eeniz i pEi > REWUE BRI TRITA RS RGE  wok Earr Tk
FHRE > LI MERTRGIFTOTRBREBREEC R ) o R B
ST LA PERCRA O PP AR R M g s e E A aE 4 R
FipH o ek B ZHEFRED - BRPET NP > UPIE A E R TR g

BAB B P A R o2 BB RE FEEBE G TS -

4. In earlier question 1:"What is the algorithm of filtering the data to
get the right gravity data we want? " Like we use a five minute record,

the value we get is an average value of gravity or what else?

HEARILL P D ERFTRABENPTEmoE 4 TRLRY PAFE
FRN? WA AR - BT A APENOEREIL- BE S RO T

TR ERET Y
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% : It is not the average value of gravity, it is the output of a FIR low

pass filter. The biggest filter possible right now is 2 minutes (in SETUP

tab screen near bottom). So you do not gain by increasing the timeout to

more than 3 minutes (to 5 minutes), it just increases the time between

the data samples that are recorded.

TRFEL

*EEA PTHE gd - Bgd FIR ?ii@izﬁﬁﬁﬁi,&mﬁ% JE e

AR 2 A 4a S o AT R R F) SO o LRI PE Y

AaB)m B IS o E A bk e T T LA B R S T

5. This meter is auto-leveling, but where is the bench-point for us to

measure the height from the ground point? s that the bottom of the meter?

uj‘ﬂ?{ggﬁvJ\lm»IE{LFF—TfKE{i\IFB*+ hEREFFZEE I

KRB BE S 0F § 5 RBIRITE?

~

6. In your spec.

$ R REEE o Aok hifeind EEY A (KA FALE) o

"In controlled conditions: 0.001 mGal

In field conditions: 0.003 to 0.020 mGal

(Repeatiblity depends completely on care in

handling meter)"

How can we get such high precession in real survey

situation or environment?

~

AP AP Y RIENRBOHR

In controlled conditions: 0.001 mGal
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In field conditions: 0.003 to 0.020 mGal
ANPERALAFDOERBERESIFA T AN B Ao 3 R R?

3

¢ :"Incontrolled conditions" i ¥ 4p & - BEP » LG b &

f‘m
frt.
=

B

Aoy

FARROEFRF I G o T H - BT R L RBERHRE LA
= E

1. Protect meter from wind.

Wb P o

2. Carry meter very carefully between stations - do not bump it.

%

=

F’_*

sho FY R PE e o s E - B g o
3. Carry meter upright -+do not tip to one side.
LF LA RE-F & R R

4. Do lots of repeats to measure short term drift, increase
accuracy, and isolate "tares" (sudden jumps in meter

gravity).

212 5

m%?ﬁﬁﬁﬁﬂ%%iﬁﬂ@ﬁ%@%ﬁ‘%ﬁﬁﬁif?ﬁﬁﬂ

F A PP o
5. Domultiple base ties in one day to measure longer termdrift.

Bl - RPN RS RSB > BRI R B pE R R o
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6. Use small station spacing - you will never get microGal

accuracy over kilometer spaced stations

fo IR 2 BB | - ARG - DL sk B AP T i

imy
e

microGal B f & LR E ©

7. Make sure meter stays on power (battery or external supply)

and heat at all times before and during survey

FE 1R B 4E. §_4 G Raglin ,WL‘T(”}? PR ET R T A BIR

5

BRIP4 SR A g R -

8. Do accurate terrain corrections. In hilly or mountainous

terrain this is:by far the biggest source of errors

R RS 5 e

L

6N D 5 Dkt ) 0 SRR Dt AnEd
Kik!l

9. Use very accurate elevations for stations —— 1 cm error in

height i1s 3 microGals!

R DBATAREERERY o] DL DFRFLEAS
3microGals #2538 o (1 = & 0. 3miniGals)

7. There are "Error" and "RMS Error" on the panel of the meter, what do

these values stand for and what are the mathematical equations for these
values?

KRB 8T "Error ;) & TRMS Error - &t #cdpsr i 4 en

SR &AL AT
IO AR U AR T F S el N N
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% ! Here 1s some information I prepared for another customer:
PR S T EE B

RMS Error:  RMS Error is the RMS noise in one filter length of 1 second
samples. This number can be used to give an estimate of the background
seismic noise level where you are working. At L&R this number is usually
between 0. 015 and 0. 045 mGals. In field testing at our calibration site
this number can vary between 0. 020 (no wind) and 0. 080 ( quite windy, but
meter protected from direct wind) mGals. During large earthquakes
(anywhere in the world) this RMS can get much bigger - up to 0.8 mGals.
[f this number gets over 0.1 mGals then you need to watch out and make
sure the filter length you select can filter out the noise to make
repeatable data.
RMS Error @ &8 - B 1 #)B- {Riljpfs & R e RMS j2 i@ -
BRI KGR T Al TR B F R TR o AR R 0 BB BR
% 20.015 & 0.045mGals 2o B o g% P e @ g b fen? ¢HRI3EY » TR E €
FEEBFEI A 2 0.02002F B )22 0.080(F b > e £ F faiRE LG B &
HEFRERTDONGals BF¥H o L2REBE 25 2 A RerpFiz o 2B E§
REAEFZ LT 0.8m6al =+ o4k iz B EANE T 0. ImGal pF > i,’rﬁfuﬁ P
B- TOoRTIRATEY i RPFRE AL ERD RN A4 £ RO T

7}l °

Error: Error in this case is the difference in gravity values between
two windows between 10 and 30 seconds in size (set at the bottom of the
SETUP screen, "Error Window" ). This is a measure of whether data in one

reading is repeating well or not.
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Error : iz Error & % Graviton-EG & B * % 7 “4pts "Error Window , P& /¥
i LR BT SLE(T & setup #5° ¢ { 7% Error Window 0% & - §
g 10~30 ) o iz A F D ARIER - AFEF - XARFAPRE RIRTR- B

F i -

Repeatability should be between 0. 003 and 0. 02 mGals in normal conditions.
We can get 0.005 mGals repeatability on our calibration course with 2
stations about 1 mile apart. The meter is carried from the concrete pad
to the vehicle and then driven up a hill to the next concrete pad where
it is removed from the car and carried to actual pad. (We do shield the

meter from the wind (this is very important in any survey!)

A e B A E(Brror)» - KRR %24 437 0.003 ~ 0. 02 mGals 2 B o

AR o e®Y A Bipkg | 2 emplahit 7 A iz o v iE 3 0,005 mGals
EA e REBY - BRES T A% W1 R o R EREE- D
B R BARED DT oo FARGUER T R P REDT 5 P o Am iz

- AR E A REERY RFORERES L HTAREL Do

To get 0. 003 mGals repeatability you would have to be prepared to be doing
a microgravity survey- 1.e.:

Stations close together, Little or no wind, Careful handling of meter

between stations, Careful placement of the meter, Aligning meter in the
same compass direction each station, Careful looping, and lots of repeated
measurements.

A a0 #50.003mGals i L AF L R Y FF R F 2ARH A AR

B micro s R g 4 EE P> blde: @ * APARRET S BP0 LA P B
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%
LRAP I s S E AT R R g F F LA D RAD T SRR -

[t would be unusual to get 0.003 mGals repeatability in normal field
conditions with any gravity meter, 0.008 to 0.015 would be much more

commorn.

— e dhepl Y 5 2B AL E(Error) 0 420,008 ~ 0.015 mGals 2 A &_fi

F_*

b y 2
Pl

56020 0, 003mGal £ @ 3 % & o

i

|\

*m

8. What is the measuring range for this meter? That is, from Om above

sea level to the range height ?m above sea level?

RNk E R LY GA S F A T4 5§ e 2 )

% : The measuring range for thémeter-is 0 to 7000 mGals which should be
approximately the maximum gravity. range located on the surface of the
earth. It covers most mountains - [ have heard that some meters won’ t read
on very high mountains at the equator - but this is true on only the very

highest one ( I think in South America?)

0K E g Pl B (Range) & 0~7000mGals » 22 #iT & £ b bt 2 Ap¥H e

AL o frd s KRB ERT o GravitonEG ¥ 02 A& FRA Gl R iR (7 LR i
EREFLRFAAEHTING L IFE T o F i LN A AR

FAFAENER (2 FEL s EHNDF L 7))

9. Can you please write a flowchart of actual survey steps for operating

the meter in field survey?
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RAFE B - B L ERIET o RiRl AT

% : This depends on what kind of survey you are performing! It really helps
to talk to someone who has performed them before. Also locate some

introductory geophysical textbooks that run through basic principles of
gravity geophysics: Telford, Dobryn, Nettleton, and Torge are all well
known authors of older geophysical/gravity textbooks. Some newer ones are
"An Introduction to Applied and Environmental Geophysics" by Reynolds or

"Field Geophysics" by Milsom.

FEPE ARG S TR P ABFORBELIF A F AR FRZB R
WRERREDAIAF 3 * 0 Bl - £ A BR RS RORPT O TT
T4 RS it d 45 Telford, WDobryn, Nettleton, v Torge & -
BF TRk E S TP E S PF R

- 373 Hlde

—=h

Reynolds ¥ i¥&  “An Introduction "to Applied and Environmental
)3}

Geophysics" » & &_

Milsom ¥ i="Field Geophysics”

[ will also try to get a copy of the manual that Scintrex puts out called
"High Precision Gravity" that also has some basics in it.
Au ¢ FFPE - > Scintrex = 7 x> & 57 High Precision Gravity”

R TR T C
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