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Continuous gravity measurements using portable relative gravimeters:
The system overview and a case study of the LaCoste G680 gravimeter

Takahito Kazama
Graduate School of Science, Kyoto University
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Relative gravity data is continuously collected using different types of portable relative
gravimeters on a trial basis, toward the future utilization of continuous relative gravity
measurements for monitoring spatiotemporal mass variations associated with volcanic activities. The
gravity data is first recorded using the Tera Term software installed to a Windows-based PC;
although a typical LaCoste & Romberg gravimeter does not have any devices to transmit its
gravity value digitally, its analog voltage output from its readout socket can be converted to serial
data format using an appropriate analog-digital converter. The recorded gravity data is then sent
to an Ubuntu-based computer periodically to draw graphs of gravity time series. The graphs are
finally uploaded to a web server so as to monitor temporal gravity variations anytime and
anywhere. The above system for continuous relative gravity measurement was applied to the
LaCoste G680 gravimeter, which was installed at the Kyoto-A gravity point, Kyoto University in
September 2017. The G680’ s gravity data in 2018 clearly showed time variations in short-period
tide and annual instrumental drift. In particular, the instrumental drift was expressed by the linear
gravity decrease of about 10 mGal/year and the additional annual gravity variation of about 1.5
mGal amplitude. These results suggest that typical LaCoste gravimeters can be utilized for
continuous relative gravity measurements without major instrumental remodeling.
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I.IZ C & I

HEAHBINIKILNHOEEEE 2 HMFET 2 0ICHERFIED 1 DTH S, Fric, HEAMEEHE
BB 2 2 & T, FERICEWS B CERLB ZIBET 5 LA TE S, ZHETHAD
KR CIE B B T AEST E A FHC X S EEG B LIF L IXER I, ZEEOKRMLT
I~ 7 <BENCfE S BEHEAPRE S TE 7 (Furuya et al, 2003; Kazama et al, 2015). L
PUIRH D, KILPKRO KN 2 72 & O s 72 BREE T THOGE DB 21T 9 Z L3S T <,
S EL S AL A AR B T D I I E I A RSP EE SR AT R T - 72,

Z 2T T, AR E ) RO R E ) 5 & VT B E BB 3 < D h o K I T
FEEENTWD (BT, 2018; =JHIEA,2018). T b DEAFHIIANRDE SB0BEE
EROALEZALH D EE A FEICRIEL TR Y, B E 8 %17 5 Mkt EAFHC TR
SFHELZ T2 2L TES, FEE, 2015 FERERIFRA N MRFICIE CG-3M At E 1T &
B S E B LA TEM S L, -5.86 pGal &\ 9 BN B AR T 5 2 ki
LTV (EMIED,2016). £DO—FKT, AT F U RA7 Y —CHNGEFGHELZRETE S
CG-AMENFHIARZ IS LT LLPBEFEL TRELT, FHICEHRBRUAOENFZEBATS
TELRIFMBLEOEH LW, DL EoBEBIIC XY, EAEGEHNOERE L THWDENO XL
Bmicl ExoTRY, ZORMREGEGRE 2 AW KITESERIT 2R sh Tnian,

AREER 2R D72, EFTEET a2 PEAFHT X 2 EIEGELIII 2 7 5 OIS
DTS, TaANEHAFHEIE e EAR AW CAHAMMEAFTH Y, HARDK LK TIX
FILF ¥ A=V BRITIESHANLRATWS, Z<DTaX VEHFHTIEELEIHY 7 v b
(V—=F77 b EMEND) BMbo> TWEDT, BEMAZERMICT=4—F5Z L TEHE
LB TE L LHIRSNDLIOTH S, ZZTERRTIE, £TE 2 IRV CRlHBALTE 7
% T B GBI S A 7 A OMEE L, AARREE S FHOR U lc B RHE O RS T kAR D,
FREIETIE, ZOFEET A MESF G680 ITHEA L, FHESAS: CHEEGHE 2 &G L 7z
TR

I. AREANENFHERAVEENERBAL AT LA

03 2020 A 2 HBITE, FARAKIL - BrgR K L - BEE KIS X OVHUER K521 TR A AR X 8 )
FERWCEEGEHN 2 EEL TnD. FHUSICRBE SN TWD BFHISENER L 00,
T NEPOERICED —EO T rt A 2L TICH—7 5 2 & TRERRE T EG B 2 55
LT3,

T2 NGk B ENHB Y TVBE T A —~y ML KXo TENMEE LT 1T 5 (21~23

EiCEIR). A EIFHTIL Windows OS ##id / — Mlla v Va—¥ =i ST\, &

NP OREEFEEINTEFEFF —IF VT I 2 b —F—Tera Term IZ L > TRk I bH,. T O,



TR B N EH A O e E A 0 v AT AOER X 0T 2 X MENE G680 I LS BLHIF 11

Tera Term DX A LAAX VIHREEZFA L, EHT— % OZERL S RRICEEHET D, £z,
RUEBCICHED BB ERIEE[MET L7720, ABOFECI > TRET—% bIET2
(2.4 HiCHER) .

« T —ZH53E D Windows DX A LAY a— 7 —HaEEZ AW, 4 ¥ —3 v Malfz&m L T
N7 =227 — 2 RERP— A —ICEEICERRT 5. KILEZICBWTERDOA v ¥ —
Xy MNEFEBFIH TERWBSITITEAS AL —F —ZEA L, EHEFEERZREL TF—
B EHRRT D,

- T— 2 fFEHT  Ubuntu OS OB v ¥ a—H =B F —ZRERAIF— =00 E T —#
ZEMBCEAEL, WIWMHE - [JEMLE - 888 7 MEER E Otz £+ 5. £0
£, #EY 7 b =27 GMT Z W CTE T — 2 %27 7 7Hiff & L THiET 5.

T RER T AT e — 2 =BT 2 TN T TG BT v T
n—RN¥%. ZOZ7T7EBEA -3y bERBALTHETS2 LR TE, ZHICKVE
T —=Z D) TNE A LERBAREL 725,

1. CG-3M ENFDENT— 2%

RS KILTIE, 2020 4 2 ABIFE 2 5 @ CG-3M Xt E et B3 A HBIIYTE RS (K0 O/
PR 25km) BELOEMERE (FBHEKDORERK40kn) ICZNZNREBI LTV S,
CG-3M EjaH1E 1 BHIRR THMEMEZBIIL, EEORERH (B KILTIL 50 BRH) o=EE]
BB 2 PGS 5. 20k, HE)OVIE - FERZER X OSERERE 2 Hm) 2E0
VIUTNLBEDO Ty —~y b THAER, RS-232C 7 — 7V ERHAL Ca vy Ya—4 —Z¥kfE
ENB. 1EL, EHFNEICRIT ST — 2 WEIZEH 2B 5720, BT —4% ORI
BEKILDOBERKI 60 Lo Tnd. CG-3MENFTIEZID X 5 o7 —# A1 & RIEGHIRZ L
CRETDEOBRETELDOT, BEREHICA L TFH AT ) —OEHEGER S AT AL REET
LT ElRTED (Fig .

2. 74— KNy I KXSaAXMEAHF D8 DEHT—FWEF

FUE RSP AR 1 B T O EAFHEICIT T a2 NEJF DS AR E ST\, D58 I
L and R Meter Service fLiC X > T7 4 — KNy 7 ic kil SV EAFT, MRS Bluetooth
DY TOVIEIE 2R L THXTEIE - SSEERE Q2 G - ERERE - Ny T ) —EEE
2Hz MilRTHI19%. D58 OFAFET — & (Tdntli@ R ICH IR ) S h, FRIONRT A —4F —
REGFFICHEL L2V, £z, LEO Bluetooth ¥ 7 A AL > TENT—X EHEFTE S
DT, BIEFGHHUNZ VAV L AOBRE T TRAICERTLHZ LN TED (Fig. 2).

3. MBS AR MENFHDENT -2 TG
— kAR T 3 A P EAFHIAEOEMEICEELE Y 7y FEAELTWT, ZoY Ty ML



12 A HA

CG-3M #9403248 at Arimura
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Fig. 1. The right graph indicates the continuous data collected by a CG-3M relative gravimeter (serial number:
9403248; see the left picture) at Arimura, Sakurajima Volcano from 7 to 14 February 2020. This graph was
automatically created by the gravity observation system of this study.

LaCoste D58 in Kyoto Univ. Updated: 190901-1216
Last Data: 190831.txt
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Fig. 2. The right graph indicates the continuous data collected by the D58 relative gravimeter (see the left picture)
in Kyoto University from 23 August to 1 September 2019. This graph was automatically created by the gravity
observation system of this study.
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LaCoste G680 in Kyoto University

Updated: 200213-1216
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Fig. 3. The right graph indicates the continuous voltage data collected by a LaCoste & Romberg relative gravimeter
(serial number: G680; see the left picture) in Kyoto University from 15 January to 13 February 2020. This
graph was automatically created by the gravity observation system of this study.

35mmE/ INI=T TV EELALI L TEEMERV T IR TE S, ZOBEMITE
HEHREO AR OALE 2R L TR Y, EAFHRE RIS T 2 EE & HFIBRICH S, (72
B, RT3 X FEADFHOEAPIERBICOVNTIE 3L HICHERL TW5E.) KIFEDOHRE,

CDEFEEEEBET = —IEE USB-045V (b 2—< > F—&4H) ICAAL, USB7r—7
NERBALTT =2y Ea—2 —IcERSE TN 5,

USB-045V (X2 2 DOF ¥ V FIVOBEEZ L) TAEFTa Ly ¥a—4 = skTHEETH
D, £F ¥ U RNVOEESMHEL 03 mV, FHUFREGEHEIZ0~5 VTHD, 22L, 1FEDOT ¥
VRMCT AR NESEFIORBREERL, 2FDOT ¥ U RNMIC LI EOT ¥ R IVOEFEIEAR
T T L, FHE -5~+5 V O#iF TELEFZE2ZETE 5. £/, USB-045V IC K 5 &EE
B5 OGRS EEUY, ¥ — I FVEEPOMFERTRETHIENTES, 2B, Z0
BEA~VRETIA RN T 7 A VEL Ty Ea—2—NITHEFEL TRIFIE, Tera Term DFLE)
BICHEI CHAMmAL I ELIRETH D, b Z b, USB-045V 2D Z &L Tv=a T /L
BEE N STICT aRX VEFHOBEMRGZERTEL0TH 5.

DEEMNER S AT M TFER AL & g ILCEAERT, ThEh T 3 X NEIEHO D202
DIRZR I IR R MU AR JE AT IS, 38 KON G1016 23 RUER R F K ILAF9E & o & — 3R BURAFF JE I 3R
INTW5. Fie, FEPRFHZMER 1 BAEM T OENFRICIET 22 NEHFHO G534 B &
G680 (Fig. 3) MREIN TNV, [AED Y AT AT L - TEIEMEOEFGENNER S Tnd,

4 [RET—2DOEE
KILEE) 72 & EAREREIR O E 2L 2R T2 72 D12iE, K[UEZLICHE S EAHB(L 2R IES
HHENDD. I TR T, BEESEY Y —FY 22— /)L RT-USB-THP (7 —/VF «
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RT-USB-THP in Kyoto University ~Uroaes:2002e-1207
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Fig. 4. The right graph indicates the continuous temperature/humidity/pressure data collected by a sensor module,
RT-USB-THP (see the left picture) from 16 January to 14 February 2020. This graph was automatically
created by the gravity observation system of this study.

HE) 272y Y a—F —icHiT 25 2L T, EAHBRSICREIT2REMEREL T
W5, RT-USB-THP iER v ¥ =2 (LB ORI EREE % — BME280 Z##,L TH Y, USB 7 —
TNEREE L CERE - 8F - REMEZS )V TAT7+—~<y FTRETS. BE - B - KEDIL
BERIIT 74V F TIHZ ICRESNTWEDR, 77 —A Y =T 2EXH 25 Z L TIERE
EEETDHI L LARETH 5. RI-USB-THP 26 %E &7z Y 7 AE B id Tera Term 12 X -
TEFET DI ENTEDLOT, EBHEREFRBEOV AT LA EZRWTERE - BE - [IET —F 20U
DI LENPETHL (Fig 4).

RR, T—NTAHOT = THA Mk D L, BREBEXKTEE VY —FY 22—/ RT-USB-THP
VX 2020 4 2 RERAE THEEGIL) TAETERL] LR SNATWD, LALRBRL, RIBESE
t % —BME280 HIKIZBESZICAT TS Z L3 TE 5D T, 4] 213 Arduino =° Raspberry Pi &\ -
oA/ marya—4a—%HnhiE, RT-USB-THP & [F% ORTEGEHM > A7 L 2 HELET
XHLrEZLND.

M. SaOXMEHE G680 (2 & BEHEHEA

AR TIRAH AR EBERATTE 07 2 2 b EHF GOS0 (Fig. 3) 1221 T, 2017 4
9 DARHRSEBTIER 1 B (&% LS R ILUbIN) O FEAFHEIES GO A LIFIEAT
V) ICHERREL, MEOY AT AL THMEDF—4 % | B CREBL T 5. K
THL, 2018 4~ 2019 I S N EAERET — 5 2R L, $IC 2018 EOEAF —H 120U
T AT & 528 L T T T bk B
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1. 2018 FEICERG S hi= G680 DEHEHE T —4

Fig. 5¢ @ B AL 2018 FE» 1 FEMICHUG S 7e G680 D HE F1iE KT — % ZEBJE [mV] OHALT
ARLTEY, I1HZHBTHERINTLT =205 bHEEROT — X OREZHE LD TH S,
72, LGB0 DA A YNV a~=a T VCRERSETZHIEZRL TS, £b %, 732X
FEAFEFEMBICLDHEY AT LAERAL TOWAHMENHTH D, EEDOT ¢+ —/v NEHI
TiX, |G ERPREICABET D4 A YA E2EERSE, V—R7 7 hOHAE (BEMEERZ
B BERICRD X5 CHETS. VK7 U NAEREricRofzt &, EHF ERO
BB —BLOFA YIVICERENTWDEEGARD Z & T, FENSITRIT DM ESE
DI ENTE S, —F, SEoEEGEENTIE, EHORMZEL (FITHWESIER)
o TR DR IBRHIZENML, ThIcE->TY— K77 MEAE b RMZELT 5. 2721,
Zax NEHFHNEOE v EARIEMWICENCY )V —TF 20T, ZOMKRMETEIHES
U— K77 MAEIEEAPTET D G EY 7 b eI D). G680 ICRBW TITENENE
BB T2 X 98B KD 7 BRI bR TRY, G680 DEEHNENEEE =X —%
& USB-045V OWEEH (-5 ~+5V) Z®BL T D REM R o7, & 2 TARIFFIL, Fig 5c ©
ARARD HIFT G680 D& A YL Z[EIEA L, BEEHEAHERANICINES LS ICHELOT
b5,

G680 DELAE (Fig. 5¢ DEIL) 1TIIW ZENE - T=x 300 mV OIRHE T/HAAICEEH L TN 5.

LaCoste G680 at Kyoto—-A
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Fig. 5. The gravity and air pressure data collected at the Kyoto-A gravity point, Kyoto University in 2018. (a) Red
lines indicate the times when the dial value of the G680 gravimeter was adjusted. Red circles and triangle
indicate the step value of the dial. (b) Black dots indicate the continuous air pressure data (unit: hPa) collected
by RT-USB-THP (see Fig.4). (c) Black dots indicate the continuous gravity data (unit: mV) collected by the
G680 gravimeter (see Fig. 3). Red lines indicate the times when the G680’s dial value was adjusted.



16 N X

Fio, BEMEIT 2018 4E 1 H~2 H (¢<60 day) 121X 0V &I TIRIEFHAR B Z L TV e,
FRLARBIZHEB R ) 7 MO BB BKRELRY, A Y VREORES L TV,
Fig. 5a D FRILIL L A Y VD [AlR & % [pGal] HALTRL THEY, 5 H~8 F (120<t<240 day)
121349 10 B 3 X112 500 pGal RifE D Z A YAV Z L TW e 2 L3505, £ ORITFERK LS
BLE K INZRIT 5 % v v ~— 8 (RREIED , 20193, 2019b) 12 & ¥ i 7 — Z IR H 5
Loo, 12 A (6>330day) 1C722 L8R U 7 MTEE S BARDIZR0BeN > T D,
INHDOT LD, G680 DM N 7 MIFEICEBL TERY, 6 ARIRICEHM N 7 i
FESENFOPRDOREL 2D EDREBEIND, 728, Fig 5b IXEJFH=ETHIE S KT
AL TH DM, Fig b5c DBELELDOFTREH (1.2 ~+1.2V) TRBLEY TIIKELILITHE S &
FIBACIXTRZE TR\,

2. BAYTAP-G IZ & % #1% - [UEGERET

G680 DY — K7 U hHIEDKEZ L2 HEIW AR R L ORELBILOF L 2E L5112,
AWFF21X BAYTAP-G (Tamura et al, 1991) I X ZISEMr2FEM L7z, 22 TiE, 20 @05
N 2 BEINEE LA, JIEEICHT 5 EEORKISE R, 8LUTF A YV EHERHICER

Table 1. The BAYTAP-G result of the gravity response to earth tide and air pressure change, estimated from the
continuous gravity data of the LaCoste G680 relative gravimeter (Fig. 5¢). Amplitude, phase and their RMSE
(root-mean-square error) values are shown for each constituent.

Constituent Amplitude RMSE Phase RMSE

[mV] [(mV] [deg] [deg]
Q1 12.924 1.683 1.050 7.457
01 68.889 1.617 -0.103 1.346
M1 8.269 2.425 -16.452 16.792
PIl 3.218 1.244 -61.871 22.156
P1 30.074 1.310 -1.369 2.493
S1 1.285 1.186 -178.876 53.207
K1 96.454 1.373 -0.963 0.814
PSI1 2.589 1.003 107.136 22.188
PHI1 1.682 1.170 -13.182 39.769
J1 6.310 1.218 6.196 11.059
001 1.991 1.693 -4.293 48.704
2N2 2.608 0.233 -2.717 5.126
N2 21.611 0.350 -2.578 0.928
M2 115.950 0.358 -1.366 0.177
LAMBDA2 1.073 0.343 -42.177 18.298
L2 4.012 0.441 17.346 6.303
T2 2.730 0.353 8.705 7.394
S2 53.613 0.353 -3.118 0.450
K2 16.421 0.410 =7.147 1.431
M3 2.034 0.183 1.186 5171
Barometric -0.899 0.344 0.000 0.000
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FAELEDAT v T EEZRDTZ. BB, 73X MNETHEEHBREICL T =K7Y hD
AR 23R4 5 Z LN TE DD (B, 1985), AdSBIfEIcs W TIET 4 —v FERI O]
BRICHBMELZERL TRV, HAHREZZOHMBATEILROL O IKED. £ THEIT,
BEHEMITHT DY — R 70 FBEMBOKRENRETH D EREL 72 ETBAYTAP-G Ol %
FEhi L7z,

Table 1 i3 BAYTAP-G T & = TH L N2 A 2 FIOWRIE - fitH, BIUTZENLDRELZRL TV
5. £, ZOROTFMIIRERMICKT2BELERL ZOREXTHL TWD. KHIER
DRENGEIEM2 (KRN ER /A3 28.9841042 deg/hour) @ 115.950 + 0.358 mV T,
ZOWIZKE WKL (HHERHJER ;A5 E 15.0410686 deg/hour) @ 96.454 + 1.373 mV

BAYTAP-G Result for LaCoste G680
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Fig. 6. The components of the G680’ s gravity change, separated using BAYTAP-G (Tamura et al., 1991). In each
panel, black lines and dots indicate the component obtained from the original gravity data. Green lines and dots
indicate the component synthesized by BAYTAP-G. Red and blue squares indicate the durations when the gravity
data was continuously collected. (a) The original data. (b) The tidal component. (c) The response component for
air pressure change. (d) The trend component. (e) The irregular component. (f) The step component.
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Thote., T, [UEFZEIT—0899 + 0344mV/hPa TH VY, FTORKESFBET =¥ —HEE
USB-045V OFEEEE (0.3mV) O 3HETH- 72,

F 72, Fig 6 ITBAYTAP-GICX > TH Y PFIT =2 b 5BES iz, B ESHCRIEIGE
Lo K ORI TH 5. Fig. 6b-f OB XL OEBIIA Y PF 57— (Fig 6a) »
LB LNIARDOFBHFERTH Y, LB I ORI R I3 2 Kk O TREZ R~ L
TW%. BAYTAP-G THE LIz b L v R4 (Fig 6d; =12 G680 EJ1EF D#tk KV 7 b 2 Sk
L) WWEBT 2L, 67 — 2 OFETHHIM (B ICOWTIXEEMANE LB
TWDHZEBNDD, —FHT, KAEIHE FEHR) TREML Y RERSORERZEBTRISATE
D, Bz Xt~ 55,210, 240,330 day DL TA T v THRBELILD R LY KA ICE TR T
W5, ZOJRKIE, BAYTAP-G TIERPHIMMNE b L 27y PE{LE (Fig 6f) ZEL <
KDDL EMTERWEDEEZ BND, HiHiTIL G680 DFME N Y 7 M FERZEIL TnWd Z
& B L 7228 (Fig. 5¢), BAYTAP-G DT TIE b L > KRS D4 EPE AN RO AR 12 72 -
TW5,

3. G680 MM K1) T + DREHMER
T ZTADIEE, 73R MEEGE80 DE Y 7 b y(®) 3T OBIEZRIER X OFERY /e B
BTRHATEIDOLDLIRETD.

t
y(t)=a+b-t+c- cos(ZnT>+d sm(an)

ZDHbL, T=3650day THY, (@ bcd) TRMANTA=F—ThH%. IHIT, KPFEIT1
FEMOESHEGHERZ 9 @O (Fig. 6f OfR AR X OFAEREE ; 7— % ZIHIE 2 B 2
Effe T 2 e NI 2RI L 72) e, SEIREICE L T ERo a BMERIOEEFTLH I L &

ABHDH, 20 LT, FHI2EORIMNT A= — %/ RIEICL > TRED Y, BAYTAP-G
MLy RERSY (Fig 6d) % Bao4E B ICmlR S E 7z,

Fig. 7a O BHIE BAYTAP-G © b L v Nk & B chlg SR TH Y, FHZEL THF
BB (AR X <—HLTW I ennhs,. ERORMARTA—F—D5H, R
7 b ORRFEEAHE 1L b=-53.92 £0.15 mV/day, REALD OEEIL c=-1230.7+11.8 mV, %
R53 DIRIE Y d=2597.849.9 mV, ¥ 72b LAERK S OIRIEILVc? + d2 =2874.64£14.0 mV & HEE
Shic. 2FE D b OFERIT, G680 D N U 7 kA3 20 Viyear OIEEE TEHIAICIHA L 7
Mo (B 768K, +28TVEEDRIETERLILL TWLILEZERT D, IhbOEH
TERKRTHE, BNV 7 MI1HA~2H (0<t<60day) ICIZIEFHERY, TH~8H
(180<t<240 day) ITHRARDHAHE LD (K. ZDZ &k, RROBREIT—% TR
W fEm (Fig. 5¢) &b —FKL T35,

7%, PRI E SO N Y 7 M BEFET D LS FEIE, FH (2010) 22 L TEE
TSN TWD, FRZEDOFRRIC OV TITRIRZEIC X 2 HSCREZEBIC X D372 &3 iRE
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Gravity Trend and Steps of LaCoste G680
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Fig. 7. Gravity trend and steps of the G680 gravimeter. (a) Black lines indicate the trend component of the
BAYTAP-G’ s result (Fig. 6d), which were fitted to the annual function (the green line). A pink line indicates
the linear component of the annual gravity change. (b) Circles indicate the step values of voltage and dial. In
particular, red circles indicates the values obtained when the dial value was adjusted without significant data
missing. A black line indicate the function of y=-0.5135x (see the panel (c)). (c) Circles indicate the response
value of dial step to voltage step. In particular, red circles indicates the values obtained when the dial value was
adjusted without significant data missing; the response values of the red circles were averaged to be
-0.5135+0.0295 pGal/mV (the black line).
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Fig. 8. The continuous gravity change obtained by the G680 gravimeter at Kyoto-A from 2 to 4 March 2019. Red
and green lines indicate the times of the Off-Nemuro earthquake (Mma 6.2) and the G680's maintenance,
respectively. Blue triangles indicate the times when voltage steps were observed. (a) 2 March 2019. (b) 3 March
2019. (c) 4 March 2019.
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