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ABSTRACT

Magnetotellurics (MT) is a non-destructive passive source geophysical exploration
method widely used in energy exploration and Earth structure research. Taiwan is
located at the convergence zone of the Eurasian Plate and the Philippine Sea Plate, with
frequent crustal activities. Since the introduction of the MT method to Taiwan, many
scholars and research institutions have utilized this method to study Taiwan's electrical
structure. Marine Magnetotellurics (Marine MT) is one of the MT survey techniques
conducted in marine areas. While countries worldwide are actively developing Ocean
Bottom Electro-magnetometers (OBEM) for seafloor exploration, domestic efforts have
also independently developed OBEMs for deployment in deep-sea environments.
Despite the flourishing development of OBEMs in deep-sea exploration over the past
decades, there has been limited research on MT measurements in shallow waters with
depths less than 300 meters. Compared to deep-sea exploration, conducting geophysical
exploration in shallow and coastal areas is relatively complex. The frequency range of
electromagnetic signals that MT methods require measurements for is susceptible to
interference from wave-induced motion noise and human-made facilities. Additionally,
research vessels with sufficient payload capacity face challenges navigating in shallow
sea areas due to draft limitations. Frequent fishing activities also hinder research efforts.
Considering these factors and building upon previous research, we developed a shallow-
water OBEM based on deep-sea OBEMs that can be deployed using small vessels. We
aim to utilize this instrument for high-density electromagnetic exploration in shallow-
sea regions, unraveling the underground structures of Taiwan's shallow seas and nearby

areas.
Keywords: Magnetotellurics; Marine magnetotelluric;

Ocean Bottom Electro-magnetometer; Geoelectrical structure;

Geophysical Prospecting
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mw - & it > SOBEM 5 - B3 HFes XRpIRE > ¥ E PR B xiE
Ry AR LT R R, REMB A2 LR R SR
TR REBENFE AR RBEUL A A S BT G 4 A AT g
Boo Bl > SFEFEF I ERIE AFT PRI R - NE G kS Bk M
A~ EREFX P ] 5 SOBEM -
" OBEM %% 5 E B> A4 7F Jf#" SOBEM c=#s 4 2t f#é z.
1= » &+ P E (Fluxgate) -
2.7 e 2bim it ¢ & (Electrode) -
3. g AL 2+ (Tiltmeter) -
ANFFEZ P IRPEAEZE LB TR GE A3 AR TR EE&E -
5. 50 B E o
R
74238 100 2 @ JkiR(2 10 + F B)z a R & 3 o
8.5 #7dp2 T iR B RF
10.AIS B i i ~ -k b ifiRgt &~ i
W b e - 287 7 K301 0 SOBEM # iy = B RBl4-®] 1% /4 4] OBEM
iy > BuB o B2 ¥_SOBEM & e &7 2B -
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Epe AR 0.44E

(EABEER) | (=ssasmas /
0

ADEERLHERS
|SD card

HE= — |

FEEER
(EX+)
FFia{E=E
(EX)
FEEER

(EY+)

FFEEER
(EY-)

EREE
\ (£5V » £3.3V)

i
il
il
il

\ [
\ E=hu]

HARA004%

Bl 1% /57 OBEM # it > BLH] -

MEFE R & KIRAE

SR ERERR 4 AR

AT - i R e HTEE T &60047

HIERFH60A Y

AR

Bl 2 SOBEM & R ® &7 % B °
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2.3 SOBEM = & 3.5 345 87 7 &

%y B 17 SOBEM # 5; > B[] » £ * 2 ~ E w2 R4o ik 177 » B P

1. = » & 4 BBl B#H* Bartington = # I 5 ¢ Mag-13MSS100 3] f# -k
Fluxgate » sc il £ = »# E&F% & > B e+100uT 2 F - g RIF A 5
100mV/ T & F 32303 6 pT > /e T ik £12 ~ 17 VDC > 5 11 R Bl
10V (¥4 A) »

2. Enitg a2+ TE Connectivity = @ ) 57 G-NSDOG2-001 MEMS SERIES
VOLTAGE INCLINOMETER (*44% B) > 1®5 i3 & & 4 R P F kT § PR
Ao oA IINERBPESRRET L 0 B F B oMiem i o BRI
Bl s 125" » RpMEApHEH KT g a2 o > p 28w THEAL  E
R w FRAITE KETAE~30V ﬁ%l:".ﬁﬂ?@é 0.5 ~45V ¥
25V 2 07 RBl®EAR G 7.2VIgr 7 1 f%fﬁiﬂ)‘i%[ﬂ % -40°C~ 857 -

3. 2H4E 1 TR 4 3F (2 22) CLOVERTECH 2 2 i Reiid R T = £ 35 T ("
b C)Rp| & = -k T 23> 2wl EX+~EX-~EY+~EY-47 « ! 7 &
PHIEN T FEFIE LA R BT B - ERA{r IR R
oo 2 TR A B e 2 0.6mV 0 EAN TN T e WORF R o

4, TR EHE* MABTIIDAE i % (Microprocessor control unit, MCU) T
f*  ADS1256-M487 #  #% = # # H# = (ADC)
(https://www.nuvoton.com/) » ADC £ # 24 == » B~ F ¥ % 5 & § 100

sps (Samples Per Second) - # » L& & 0~5V > 5 8 Bk if ¥ v/ Ir Py ~ 2
FEBETOR S Bihe MA TR E A fhe THFOR 0 & F MR Mg
ifEL o B SD e fRF 4B 0 5% 256 Gb enze i+ o A A R B ek g Bk
Z 100 sps Az i = & 11 F ePE L o

5. Tiltmeter * -k R 45484 * GAINTA G113 R 4545 £
(https://www.ltc.com.tw/Product/Detail?2ICODE=CASG113) %z % » & & it
FERFIE P RFERER -

6. RF K RigUAMH TR L2 PERY BRI HT > APTH 2

et B2 GHEAFBET S A2 o L R4GHWMEJET 3%k ™ 100 2 = -

8

doi:10.6342/NTU202400360


https://www.ltc.com.tw/Product/Detail?ICODE=CASG113

S FE o2 60 cm x 60 cm 2z g s i R (fiber-reinforced plastic, FRP)
Bt > TR L HE2MMPVC F TS R EE 0 P X K RE KRG
B~ MEAL-4gRY ~ fluxgate 2 d PVC # 2 & cn@ AT 1R P B AF -

8. &rdx l Tapit REBERPHEHF® 4 % 60cmx60cm 2 FRP #4445 17 4
i‘ g b2 %E 135 kg hmEIEEAR A ARB o p PR T %@é{ﬁﬂsﬁ:ﬁ&—.}i
R WAL ARBENE FRATARE Y AT F P 2k hE R AN
176 2 540115 2 7

0. 454z 2 1T 5 Ha ¥&* £ @ * 60cmx60cm 2z FRP%&%M}:T%;Z;@“; B3
% 3Tkg @B AR A K AL R R R T Bkt o o AT
BZokd hE AL 40 2T 0326 2T o

10. 423 & * TADIRAN TL-5930 (*4% D) > 3§ 3.6V > 19Ah > ¢ % 4 35 % (7
= 144V 7§ e 3 & 144V Fp e DB 5 57TAh T ik R P E
* 52 m 144V T4 E T A L 38Ah T ER BT BT LT K
oo B RBA B FEFFIS XL o

11. -k ¢+ ,;_fzﬂr;k SLE R > g TR the B LbEF BN RSIT L R4 R
B AIS e i R AL U SRARAB S F TR 2 ¢ & o B e HLRIE % 2
PR RITEELR 2 PSRRI AG L b G B I R
R

12. AIS e i ik g * SKYVAV = & ) Z.ern AT-206 = 15 iv AIS AtoN 5% i B
(https://www.skynav.com.tw/article/134) (M4 E) » & * * it % > E# 3 B

RGPS # 3 5 £ % # JUSLE SEEAE 10~16 4 MELEMET S 1A My
- X RETREOEECE TR PERFERE TERREBEXRK SRR

SR S CE R B A L g o
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https://www.skynav.com.tw/article/134

Z 17 REE # a2

M
i
e
=N

i

= RR R RE

Bartington Mag-13 MSS100
7| Fluxgate
£ P45 [ £100 T
2. % F s <6 pT
3. B Bl & AT R 100 mV/uT

LR Y

o

Boa
B
Boa
B

TE Connectivity G-NSDOG2-
001

Inclinometer
RN ﬁﬂ%@*%° Bk Bk T 4
RREAR o gmair g

05V-45V > 25V =0°

3. ®AK:T.2VIg

4. * 8 & -40°C ~85C

CLOVERTECHAg/AQCI #:4& | o
AL TE | TR AQ &) ME s e T

[l S

% fe <625 uV

=)y
T
i
&
I

M487JIDAE MCU &
ADS1256-M487 - ‘e
1. = ¥ 24 bit

2. P-4 %100 sps
3.3?%1/\ T & 0~50V
4. 95 » Aig: 8

Hg IR e
Uik L izt o
BPR G AESDAE Y .

RN EE

BRI i et i 5
Fluxgate:?z <~ 0.4 %
Atk 182

2B T HR 4 400 1

&ﬁ&ﬂ%%ﬂmﬁé
SRR e i
BRIl TRE
Féﬂ'o

v QR R DI T T At
it % ¥ (FRP, Fiber-reinforced
plastic) # 1 4=

rrlzg e £8:412 09
2z £8:17527

B RELE 0 @ RE
Re A9 A AR A Ao

Tiltmeter * -k % 45

GAINTA G113 & £54F ¢
1. < :115%90*55mm

_"é’ ;;t,vﬁ/i;l_’;}
&Y 2. # 7 48 & £ ADC-12(JIS)
3. # 3w & :1125m
1. F¥ =+
B} , d>210*ZOOmm o TS o TR
/‘gg7» R A ﬁ
&R Ekpign TO061 45 £ 4 # 7 - % . g AE

2. FE® —} @210*25mm °
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3. # 2 E A& :200m

&3
=
&

TADIRAN TL-5930 427 » 1.

T Bk 3.6V

2.7 % £:19Ah
B4R WA - o B By
7545 & 14.4V 38Ah ¢ ¢ @ >
Z BT A5 14,4V 57Ah &

# ko

57TAN T 3 w4k 5 g iR
%2 38Ah T4 B EF
AlierBor g 24 K
Mo

KR

g7 RN R 2 R
Bk e LA R
& o

ZE AISEER -

AIS 3 i

SKYVAV AT-206 = [ sz AIS

AtON 515 3¢ g F

1. 72 iveg & § Fl:-10°C
~ 60°C

2. ELH BtpEE: 10 ~ 16 7%

i)

=

ERRFRA DR
L P LA §
CEERF AL O
B

_E. o

EY
7

24 BHERT
241 REF SR

* — % FRP #2445 (B 3) > k% B K B-k %4588 - Tiltmeter -k 4548 ~ %%

gobh ~ TARUE W RE o L IV S (AR R FIRES T4

S

R

RIE R 2R R AT RESRIE -
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242 Bk B AgAE% 2

SOBEM *i % i@ 3 etk ¢ § PRl e srB « CWAKE - T o~ A ¥
etk et o XA BRAM K RGN - BAY KX R TR EEE
REA BT S ik Bk Bighy o ¥ - BAY kT L Tiltmeter -k RigHd o &
Bokmigriadp bl R 2 e 1 K RIFE R e F

a &k E-kpigH

KFE G G R BOP EIER S 100 2 % pehja it > E ¥ 6061-T6 484 £ s
K pAgRE et T o 6061-T6 458 £ 2 - T A @A FRE - FTHFER
2> (Lee et al., 2002) » K% B indF i ® R BEW RS IET > 2B 5 REEA R
RIEF ¢ 2P - RE-R DG (B 5) “H30F /25 210 mm > p 383 2
177.8mm > 8 200mm > E A % 16.1 mm > iz Solidworks #4843+ & » w/RFRE ¥ iF
1200 2% ook pigHEen® v ooz L 210 mm o~ PR 177.8 mm s WFE
Be 2R 100 o R RRFERELAT UL E > A R Ae X Al R F R
PR EgEcha > WAL T EIY A Rlie T O-Ring Hic1 o RE-KRAGHT A
RIFT > QXK - REYFUEFFHGHN > V- REFEY R HT
R BB T GPS L RS F 4} 4B (R 6) B 3B

By

FLIESAGRPN TR R BB OREBEA Y > TRORER B RBE - 2L

P ERE A EERI g TRFEFEE P REF{CRE K HigH

i+ F 5 7 % #9% (Nitrile Butadiene Rubber, NBR) 7 O-ring i® 2 %4t o ¥ -

BRI EFF I & SOBEM s #4548 % F 30 3t 30% » #F £ 4508 ¢ vk § &
x

BAkIR o FLPET TR AN 2 T R g T Femogld o dgRe T ¥
THERA AR IR EEEE S KRB RRIGMG > T RL g F 2
BX

A R E 20mm 50 PE E A 0 8 % B 5 30mm 1 PE 4187 4547 ,Jé;‘r,T (B

7)c RAGHE D § R BMIFAGH PN SRR
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5k B g™ F R FGEm < 0 e F)

Bl6aHt TRy B -HFsRLs
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(@) (b)
B17 % PEF¢ PEAL % Gdgtl - ()l o Bl(b) 4R - & BlAckes PEE > 5

¢ BlAs s PEHL -

%2 RE-kpagma ek

s i 4% 28 PIN: * ik
1 1/2” MCIL10F B4R PR ER
2 7/16” MCBH10F T Madr g A
it 3 1/2” MCIL10F zEim i 7 & % Tiltmeter :& 241
it 4 4mm # FLE L

b. Tiltmeter -k % 4548

Tiltmeter * -k 4548 & * = 7 GAINTA G113 /R 4E4r £ Kk stk > *F &4
s ADC-12 (JIS) 488 £ > £ 115 mm~ % 90 mm -~ % 55 mm - 4548 5 & 3.58
mm > & Solidworks #4882+ 8 > @/RiFER ¥ £ 7] 125 = = o Tiltmeter * -k %4548 +
Y3 23 (Rl 8~ & 3) 0 3t SR FORFARGEZEFH I > * LR Tiltmeter {o
FHEHE I 6 LpFat o PSPk F RS BET SR RSN
Tiltmeter * -k R 4548 F (B 9) F e > 3PP X E R * HF 5 NBR 2 O-Ring i®
Lnit [RGAEWMEAH T2 B eh2 B & Tiltmeter >k Rigtt £2 25 > b

£

R EF L o B 4R é;\“f » AFLZRE PN e K R o Tiltmeter eh% %2 % F o
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TX ghfors 4 BRI B MX T (7 0 TY $bfe MZ $hT (7 » $13 {5 % Tiltmeter oz
SRRIE- A AR EL S (oW 10) -

1] 8 Tiltmeter -k % 4542 ] -

B 9 Tiltmeter -k % 4548 2 ) - 4548 % + chw i p %4 NBR # % 7 O-Ring -
g 4 j
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B 10 Tiltmeter 4548 frt 4 BRI E - PH AR EL o1 o TXdhfe MX T (7 -
TY #fe MZ 0T 7 -

# 3 Tiltmeter * -k %4540 430 * 2 4

LR i 2 5p PIN: * ik
5 12 MCBH6F Tiltmeter i 3% 4
it 6 4mm & S EL

243 7 & B RFR

OBEM s 7 BRI R F T =L » & XGgenB e F &3 T 1B FEUE W
e Tl BAFd AR PVC R § us > A uB43p2tpit TE LAT &Y E
BEIEe 7 REBERR L 45
D% o RN BEFT LB T I S RBwr (FEGF LR 0 2021) -

REchzRBL > fp3 22 « F R PVC ERE L 2 2 ¢

-

AT 5 NAA S OBEM» F £ 3] ¥ iy 84 ¢ o & G203 3R R
WE TR R A N R AR T RBH T oey (FE o 5
AR TR REER  tr B RS R TE e o

AP ERTR RHEN EAF (B 11 B 13) 0 #F Q40 B SED 4 14

SR BB FREWANS 35 2% o TRV EAGARR Y N 42mm 0
PVC =i ¢ > #fe¥ %3 FRP #2445+ o1 52mm PVC # 44§ & 5 % % 22 44
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12)» # E¥ b T Ed o TR BEAY 44330 24 K35 mm PVC £ 3 o @
FEripje 42mm s & 10 24 cnl gk > w 90 BAF G RE AR m o 1t Jrde
PG B SA] B REG RN ORGEB A ARB KRR IR

BAFBE S KT L GmE T4k Sl - B RFLE KEBRRER
o ik

o RFLFFELRIBFET pRLFLLE T RERY T -

150cm\’I

B 1l R4l BAXG T AR PR sicem  TRERS(Bp HEFE)-
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B 12 2 4hf &85 - @ ¥ /2 52mm 2 PVC # s REL S 0 519 PVC

FOOME RN LA2mm enz i R WA & THRAFT 14 T R o
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b 3
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BABRANE [ —
x Tiltmeter%’ ﬂg %

21 Y
S

B 13 T4 B AP S P o B2k BEPVCE » 6 4B #3004 > ¥
BAE s e WF € ARBITHEI AR SABRBIE ETBF LY

L2 d e ] AP AR Lo % F e kA
A IRAVRTRIR o P i N TR B Y A e
pl— R pE A A R E o
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2.4.4 348k 3t

K- B /Hﬂg\ o (B 14) k= % gk (AIS- | 43k) 0 (F AR
BB T2% 0 FREABNFANAAHA > V2 T HRI|E2E - AIS £

:p_b;
=
F_‘-

AR o TR - BRSO BA TR R T R * 7 g W S DR
\’“iiii%ﬁﬁﬁﬁﬁ¥°@ﬁ#$?$$%$fﬁ%ﬂﬁ€ﬁ%ﬁ
S IR 2B 4Bk TF AIS SRR AR R S o 1B N AAIFL R
SRR BT e B0 AIS BB SRR AR S T R 2 Y o Mg e

BLALRE N 2N 0 B RS RMEN PR F 0 AIS R R s R ERGR F R
{ kg p (W 15) -

&
3

#.\ PR
(AIS)
« AP

M s

W

R
R

Bl 14AIS R 4ek 7 R Bk L B4 m) o @ % 7 dhdw 5 o[ 248 2% » G
NN I R SR S I PV E- Y
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e o

"€

B IS AIS SRR % 2 3 B % o 50 3 SR BB S ok AT 2 FROT 0
3 AIS R B 113 e B T

2.4.5 bk 3t

SOBEM + j54E ~ #if M « 4rmcs? R B AR AT o & o 2§ Arpenp L
T LR A AR R A B h AT £ 0 AR 2 58 (Yu et al,
2020: 10)% 545 #7 k% chek 30 f fag A8

FIERFIE A o BE RBP4 2 35408 Fwave > b 4 Fwind > ik
Feurrent o 4 & & iR B i 3n s BE7 i 0 78 0 etk * AR F T
FIEL R A (TR KR L F b))
»1 IEjF K <150 m;
»h i#:<17.1m/s
»RhFI<4m
»i& ik B <0.4mls

d FHRPE 2 foiF? A2 hE 4 Fpuydr™:
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o= [ o | <[ 5 1[0

H Sy vz , I 1% Sy 9 Y , o
#¢ Fgou}"g\’;‘%%m’}\l o FEs‘ouy'E“ng‘Jf%‘mgi’E. 4 e x 'ﬂé',&"_ 7 ’}’?/3"‘ ’

FV

Bouy_ 0-

FREATRE R 4 Fwing 4o

H 1
Fwind = [ Fﬂf'ind I = [ Fl’ﬁiﬂd] = l ECPAlvli'ind I 29
Wind 0

HOFL 8k Th 4 Flo, T3 p+ C=05~08 L5 fMm4 fhtkrp=

0.1228 kges?/m* &% % e & Ar = 0.1504 m? 4 6 r e AR 45 4 0 @

H g 023, S 2l .
med 2.16kg @ /:}—*%E,—WT’;\X EVIR 4 FCurrent '&(L"T .

H 1
FCurrent — [ Fffurrentl — [ Fé{u?’rent ] - l ECPAZVCzurrent I 23
FCur’rent 0 0

HY C=02~04F-kefe+ thlicr p = 104.49 kg=s?/m* £k eh% B ; A, =0.0292m?

{/4 i} V) ™ mﬂ—’}fﬂ *ﬁ IB.LT'\]# ﬁi ’ ]—) ,,| f]’\':[_ﬁlj g:(“l. Cu?’?’ent = 2.16kg @ ;g“‘*%ﬂr\‘tﬁ—i_% ﬁj

A4 Fwave 4o

FH pC; HAVOI exp (= i Dth)
Fuwave = [ Wavel — T2g 24
ave EV 82 Dy ]
Wave 0. SPCDVA SV E'X ( t )

7 p=104.49 kges?/m* £k g B > Civ=2 EAp$0R T 5 enff 44 fhdkc s A=
6.8 m & B~ kB > Vor=000448 M3 EF4L Ak & T cdliA o T Eok s 0 g &
T4 4B o Dn=081mAEr;-kiFR - Cov=03 ZAp¥>+ <38 5 efe4 28> Sy
=0.1504 m? £ i35 ff 0 kW 5 1284 o @& ¥ @ A

lFuH,a,,el [ 1.532kg
Fwave = =

FY_ . 26.2kg

Fw X 3lend 4 & Feuoy ~ Fwind ~ Feurrent i Fwave s34 & > 5
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Tmoor = FBuoy + Fwind + Fwave + Fcurrent 2.5

B BB T e B AN AT e T

1.532kg

Tmoor = [ 26 Zkg :+\/ (Trgoor)z + (Trgoor)z = 2661kg

d PSS T EIAPATEY 2 gurd § 7 < 26.61kg ©
G PR AV ER Y T BRI Bl (] 16) B R & FRP B4R 4R 17 5 sRd
(® 17) £ & kiR - fnﬁb{upﬁeﬁ? Berikgs o Ra AL e Ak S
oy A o4 kB h g T 4 4e(Hall,1972; Landrigan et al.,1994; Mehrpour
et al.,2012; Negahdari et al.,2021) > gV i L 4 2 mrf - K@ik - L Fakl
o F - L oRpE RSy BN R g R R BRI S o 2 T

BEpEDES o

}%‘]16@7kf}‘%§{;ﬁbl"[l3§7ﬁi°%¢ ?"" '/é/% -ﬂfé’*§i1ﬁ“is %$f§4ﬂ'u
7‘§#ﬁﬁgl‘$3~e S '74'°
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B 17 &2 1 - ** FRP 4 45 & PVC # u—g mm@ﬁ\ % 1 % 135 Kg g
B A o

25 R BRI
2.5.1 SOBEM 7 & % %3k 3+

APk SOBEM R Bk SeenZi 1 (B 18) » HR B E ~ RHA K E ?, N
54 « DCIDC #4 BAoT ikl 5 % A 2 AL A R RS
GREE A RARRT EERLATR 0 AT 0 oeE H A T SR

B shie (7 R Pl rie s o
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2.5.2 2 gL R

3t SOBEM i 5L FEE B > 1345 R F A BLAr Tl e B 0 By ~ fo
Bl EHG o B8 (2 4 ReRBIERNCIEE THEEE Om T
B> KA B F e B0Hz M gk BTG GEAEE - FiF Texas
Instruments =~ & B 3 2z Filter Pro 2.0 $#ct 3 1AL B2 7 Bk B (B 19 - B
20 ~ B 21 ~ ®) 22) > Filter Pro 2.0 § & X T sh % 8cF ok B erugd] ~ pole chic g ~
B E Ao sigy » 2 5 e & Fd Filter Pro 2.0 2 2 hR BB 0T o 7 &
> % OfCAD Lite % 19 % + & % (ven3 k) (K1 23~ Bl 24~ B 25) > &7 %

B il (e 2k 4 o

GRESE - BRAENCEIFERGES L RAATRRG  FRES
FC1~100 Hz» @8 5]d REA 70 B TR L 49 SHEF M G H (W
26) £ &~ Filter pro # el LBl vt i o KB ® L B LT RA TS 0 7
FIR MX MY ~ MZ ~ TX ~ TY 223835 el 2 S dp £ 7 38 0 B8 H 47 5 4 46
~S50Hz =+ > Apims R ampardd s EXfe EY RIL &~ » ~ % 34 Hz & 69

Hz -

%4@@@@»%ﬂﬁ@$

iy~ R WELA R F
MX -10V ~ +10V / -4V ~ +4V %4 041
MY 10V ~ +10V / -4V ~ +4V %k 048
MZ -10V ~ +10V / -4V ~ +4V %4 042
TX 0.5V ~ +4.5V [ 0.5V ~ +4.5V L 1R
TY 0.5V ~ +4.5V/ 0.5V ~ +4.5V w1
EX -0.0125V ~ +0.0125V / -5V ~ +5V 4 400 &
EY -0.0125V ~ +0.0125V / -5V ~ +5V 2%+ 400
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bﬁi-:x.«s h BT SO i = e ——

INSTRUMENTS -0 12707 35ms _m ] [ -
The current value of this capacitor is
470nF. -20dB +1807 30ms | Circut Ty Cutoff Freq.
I I z
‘You may enter a new value... 3048 N 4907 Sngle-Ended v | 50.0

-4008 s \\"‘““- 07 20ms “ﬁh R“"“I_J 5000 Hz

5008 [ \ 507 15ms ~ Optonal Entry
N G wwm
-60dB 1807 10ms Al 100n ] 470n | 1
] 47 4
e B 33.0n | 470n | 0
- | ¢l | |
) : (] | o
.0Hz I I
E | | I
Heal RiSeed| 100k oOhm
& 39'!?1‘ Passband Gain Response at S0.0 H Req.
.0 Hz.
ARA J_"A (VoutVin) Fn Q Gain Phase* GBP

Al 1.0 50.000Hz | 541.20m | -13.17dB | -90.00 | 2.71kHz
B| 0403 |50.000Hz | 1.3066 | 2.35dB -89.70 | 2.63kHz

0.403 Totals | 707.11m | -10.82dB | -179.70

MFB,4-Pole Low-Pass Butterworth: 50.0Hz Cutoff,
Passband Gain of 0.403

B 19 & * Filter Pro 2.0(TEXAS INSTRUMENTS)#1 & d1 e 4 Pl B * 13 5538 &
2R -

1048, 3807 4ums —
TEXAS : Setings T
INSTRUMENTS o= 2707 3508 [Lowposs ]| | poa
The current value of this capacitor is —
470nF. -10d8 +1807 30ms - CircutType | CutoffFreq.
You may enter a new value... v \ 4907 MFB Single-Ended v” 50.0 Hz
\'\~ Cunor
-3008 Ssaiy . P 07 20ms (Buﬂerwom ~| Riope] m[ 5000 Hz
4008 \\\ \ 507 15ms ‘—omem =
5008 N 1807 10ms A[ 1000 | 470n | 1|
47 1
5008 \ 2707 5.0ms 2{ 53.00 : o :
-70dB -360? 0l = \ D [ I
1.00Hz 10.0Hz 100Hz 1.00kHz 1|
. E96 v E I | |
£6 L Real[ ™ oy seed[ 100k Ohm
Passband Gain F Response at S0.0 Hz.  Req.
(Vout/Vin) 5 a Gain  Phase'  GBP

Al 10 $0.000Hz | 541.20m | -5.28dB | -90.00 | 2.71kHz
B| 10 50.000Hz | 1.3066 | 2.35dB | -89.60 | 6.53kHz

10 | Totals | 707.11m | -293dB | -179.60

MFB,4-Pole Low-Pass Butterworth: 50.0Hz Cutoff,
Passband Gain of 1.0

B 20 ¢ * Filter Pro 2.0(TEXAS INSTRUMENTS)#% I} = Tiltmeter * (3 5523 i &
AL E] o
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470nF.

3807 40MS - Seftings
{9‘115)0\5 : i “Low-pass
INSTRUMENTS = #2707 35ms ﬂ—_]mm E— |
The current value of this capacitor is
4008 +1807 30ms 7 Cutoff Fi
‘You may enter a new value... N 907 IrluFB Fully Differentia v _] | 50.0
Bl
2008 HEY 07 20ms ﬂsuuerworm ~| Riople| aa] Cursor=c500  Ha
T~ \ Freq.
1048 -30? 15ms (Ovbndamy = ——
1 ~Value Display — ct G
08, 1807 toms | ¢ i A[220n | 470n | 20
9
Values B[ 330n | 470n | 20
-10d8 2707 5.0ms )
- A(‘ Sensttivities | cf | |
208 3607 of- =
1.00Az 10.0Az 100Hz 1.00kHz Comvonms ‘ D l I
4 E9%6 v|Res| E | | |
A g5 v|Cop Fedl R1Seed| 100k  Ohm
Passband Gain F Response at S0.0 Hz.  Req.
(VoutVin) n Q Gain  Phase’  GBP
A[ 200 [50.000Hz [541.20m | 20.72dB | -89.80 | S4.1kHz
B[ 20036 | 50.000Hz | 1.3066 | 28.46dB | -89.20 | 131kHz
400.72 Totals | 707.11m | 48.18dB | -179.10

MFB, Fully-Differential 4-Pole Low-Pass Butterworth:

50.0Hz Cutoff, Passband Gain of 400.72

B 21 i * Filter Pro 2.0(TEXAS INSTRUMENTS)#1 % ! 1 Differential 2:4& i* 7 &

;{‘;TEXAS
INSTRUMENTS

E48, E96, and E192 resistor values are
purchased with 48, 96, or 192 values per
decade respectively.E48 are usually 2%,
E96 are usually 1% and E192 are usually
.5% tolerances.

2 AGH -

6048 +3807 40mS - Settings P
S0dB - +270? 35ms [lLow_p,“ vl iss I'T
40dB #1807 30ms [ Circuit Type CumlFreq
“MFB Single-Ended I‘
3048 +90? 25ms
\\
20d8 Saan] . s 07 20ms (Bmterwonh W’—wl 50.00 Hz
1008 ™ \ 507 15ms - Optonal Enry
G _om
0dB N 1807 10ms Al I | 20
-10dB \ 2707 5.0ms BI I I 2
N c| I |
2008 3807 ¢ D | T
1.00Hz 10.0Hz 100Hz 1.00kHz
2k .9k E| | | I
Real R1Seed| 100k Ohm
10.0n Passband Gain Response at 50.0 Hz.  Req.
e | (VoutVin) " a Gain  Phase’  GBP
A 20.093 | 50.000Hz | 541.20m | 20.45dB | -90.10 | 54.4kHz
B| 2004 |S0000Hz | 1.3066 | 28.31dB | -9060 | 131kHz
Section A Section B
402664 | Totals | 707.11m | 48.76dB | -180.80
MFB, 4-Pole Low-Pass Butterworth: 50.0Hz Cutoff,
Passband Gain of 402 664
B 22 i * Filter Pro 2.0(TEXAS INSTRUMENTS)#r% i #7 Single-Ended #-4& i* 7

2 AAGHE
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< Xl Hz Y:32.907 dB
O X:10 Hz Y:32.81dB
X X:48.41724 Hz Y:29.833dB
Freq Resp 2:1 Tx
35 =
=
dB
Mag (dB)
15
1 Hz (Log) 80 Hz
< X1 Hz Y:32.905dB
O X:10 Hz Y:32.798 dB
X X:47.86301 Hz Y:29.911dB
Freq Resp 2:1 Ty
35
dB
Mag (dB)
15
1 Hz (Log) 80 Hz
< Xl Hz Y:32.899 dB
[ X:10 Hz Y:32.796 dB
X X:48.41724 Hz Y:29.78 dB
Freq Resp 2:1 Mx
35 =
=
dB
Mag (dB)
15
1 Hz (Log) 80 Hz
< Xl Hz Y:32.898 dB
O X:10 Hz Y:32.788 dB
X X:47.86301 Hz Y:29.88dB
Freq Resp 2:1 My
35 =
=
dB
Mag (dB)
15
1 Hz (Log) 80 Hz
<& Xl Hz Y:32.889dB
O X:10 Hz Y:32.734dB
X X:46.2381 Hz Y:29.907 dB
Freq Resp 2:1 Mz
35
dB
Mag (dB)
15
1 Hz (Log) 80 Hz

(i)

33

< Xl Hz Y:-3.047263 deg
0O X:10 Hz Y:-30.95959 deg
X X:48.41724 Hz Y:-173.214 deg
Freq Resp 2:1 TX

180
deg

Phase

4

-180

(b)

< X1 Hz Y:-3.072949 deg
0O X:10 Hz Y:-31.04401 deg
X X:47.86301 Hz Y:-170.7684 deg
Freq Resp 2:1 Ty

180
deg

Phase

4

1 Hz 80 Hz
< Xl Hz VY:-3.133047 deg
O X:10 Hz Y:-31.03044 deg
X X:48.41724 Hz Y:-173.1007 deg
Freq Resp 2:1 Mx
180
deg
Phase
-180
1 Hz 80 Hz
<& X1 Hz Y:-3.139347 deg
0O X:10 Hz Y:-31.0677 deg
X X:47.86301 Hz Y:-170.6778 deg
Freq Resp 2:1 My
180
deg

Phase

:

-180
1 Hz 80 Hz
<O X1 Hz Y:-3.255115 deg
O X:10 Hz -32.14124 deg
X X:46.2381 Hz Y:-165.7566 deg
Freq Resp 2:1 Mz
180
deg
Phase
-180
1 Hz 80 Hz
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<& Xl Hz Y:52.127 dB < Xl Hz Y:-1.855572 deg
O X:10 Hz Y:51.655dB 0O X:10 Hz Y:-17.82998 deg

X X:34.27678 Hz Y:49.109 dB X X:34.27678 Hz Y:-49.95916 deg

Freq Resp 2:1 Ex Freq Resp 2:1 Ex
53 180
dB deg
Mag (dB) Phase Q\B\\
43 -180
1 Hz (Log) 80 Hz 1 Hz 80 Hz
< Xl Hz Y:51.598 dB <& X1 Hz Y:-1.105209 deg
0O X:10 Hz Y:51.564 dB O X:10 Hz Y:-10.9513 deg
X X:69.9842 Hz Y:48.604 dB X X:69.9842 Hz Y:-78.11277 deg
Freq Resp 2:1 Ey Freq Resp 2:1 Ey
52 180
dB deg
Mag (dB) Phase Q\E’M
47 -180
1 Hz (Log) 80 Hz 1 Hz 80 Hz

(m) (n)
Bl 26 R Badr = 18 @ % # fL A 7 ke sweep sine # i RlER - B E TR E
2R R AR -

(@) MX LS crd tg-4E 5 BB > (b) MXUASE ehdp -4 & 20 R

(C) MY i ek g -4 ¢ R > (d) MY (L3 chdp -4 5 R R

(&) MZ L i sk g -4 5 R B 0 (F) MZ L3 edp -4F 5 R R

(9) TX it ig chd -4 5 W] 0 (h) TX g cgp -4 5 0% B

() TY jkig cnde ig-47 5 B > () TY kg ehdp -4 5 B

(K) EX i ek b -4 5 R W] 0 (1) EXGAE chdp -4 5 R R

(M) EY i if i 4597 5 PR > (0) EY ik if cp =0 5 F I

34
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% = § SOBEM &g g > 2
3.1 ﬁsff_gu\

W r Gliwd SOBEM s fg3nats » FRERBRF LK 7R H R
¢ RRRIER IR T A~ bR S R (FI 2 KR o A AT
:%p;@g%@%ﬁﬁ%@%(@20’%&W$ﬁ%?ﬁﬁ£ﬁﬁﬁﬁ*
SOBEM s ffiplid~ 5 T e i B AFRISE ~ 430 K ®plsd ~ RE L RIF -
o0 R R B RRIGE o

] 27 SOBEM {44714+ 74 £ = iy in oF 12 (7 3 «

3.1.1 T A& B BRI

TV ERFGRREAAPFER2ER i R2HE THREF DS # T
%?+°“W%*F“M1ﬁﬁ%%%$ﬁ%i¢a’méaﬁw%%ﬁﬁa
SOBEM » kPR B » fcw FEE 1Rl BT LA AT & Uflyew (v o

3.1.2 45388k % Bl3F

G-k MRl E SOBEM eh% 238 173 5 M ok KB RE > 7 it
ERTFALEF-TLF AR ER IR 2ARE - VPR EHEFRS
AR THRITE L L AR BT 0§ BN FERPEG AR TS 0T AP R
Tiltmeter * -k %4548 2 K B* -K REAGHE 7K RPIRE -
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3.1.2.1 Tiltmeter * -k % 4548

Tiltmeter * -k 24580 N 2% & §0% r4 W (K1 28) » - OBkt P i » T 1485
4wt PVCH (M29) nmfp kT 825 iF  #304MEMLKE
igtlew o LRBRETE G ARBE AP -

@) (b)
B 28 (a) 4548 % » £ F A %75 O-Ring - (b) Tiltmeter * -k %4548 > p ¥ 72

oo rUILRGEAGHOR B o

= I

..\.\\_//i;\ >

aY‘«““/
B 29 s Tiltmeter * -k %4548 (% ¢ [ Bl &) F)4>t PVC # + 2 {8 118 % & » &

PRI R
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3122 KB k%5

RRETOLRAGWO O RPF w0 > PAGHA RloigBET L A
20mm sn PE B2 A > 2 * B T 30mm 7 PE 412 fﬂ*»,?,,ﬁé?f =R EE 8 el
B BEFRRET R RAMEL REL S B PKEA 2R R EHEE B
BT B kST e W E AR o B 30 Admtftr > REEET G A LE

S p

313 % EEE R
PIRE ek d hE 7 ¥ 5o aUsd L3R ES e ok RBOR AN

FERORR > REMR 2L > HiFd ERALS L EFTHRE -

it

15 4
HYREBANEFMMIZENFAIMER - £ SOBEM &% ¢ 2 k¢ end

o iy REENG A cAPR Y BE AP RE T @

I

e
3

FUER o RFHRIAERPFP > I RF LML N H (B 30) 0 @R
Eem > @ adcE T s SOBEM k¢ £ £ o

Bl 30 w® i ¢ L% Kk #&F A W » SOBEM &84 » s F gl kP £
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314 543 5 Rl
AR SRR NP A AIS FIRAFIRAFERET I UL FAerE
F o ABEB T » BAISHEENS WA Ferffdrt > 4, 85 (B 31) -

pi&/-‘i"]‘—rﬂb ? hoam b #7 e /PJpé‘é > v]&:‘jb /—‘;’-’f}i%- ’ Fi’;&’ﬁ ﬁéif )

B 31 AIS iF45pI3E o AIS i F B R a7 frenff 45+ > 14y B 45 (7 p3# AIS %

e (72 o

3.1.5 Gy kiR #

Mebpe o~ a Y o RIRE MG o I A R R o AR
ﬁ’ﬁﬁﬁﬁﬁﬁﬁ%ﬁ’%ﬁﬁﬁﬁﬁi%gﬁ’%E%ﬁiéiiﬁ%a,
B o WA G e o R R R R B IR R RHOTE AT R
Payrad & 7 & & e o 30 MBI AR 1R A B To A AT R
FaH O RINE R R L BE N R ARhat A o

Y
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32K B~ Egip> 2

te k] SOBEM t ing Rl Behr ic £ F 1 F > F & (749 Biripled o 0T A 5
FHEA RRIE S AT e it TR TR
3214 B PIE

Bt BRI BRBRTREESABERE NS G 0 0 G 7 MX MY ~MZ 2
G AFEHEA RRIE- O o YR Bk v 5(F 32 B 33 F 34
AFZ I T NRESRSR o Ve BRI ERE N RBEOES )
Fr— BER > #ore s il MXSMY ~MZ = 2 B SHE 2 28 THRY
WRLR LARp S B 2 BT RRBREF T ebas o

9% 71 AR
1R
1 MY
A MZ <+ ()
R
R 71 R 8
MX
H

Bl 32 4 RRIZBRGET LB - %4 BB AIERE S BRE X $h- 2% e -

Nl o
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laRA& e %)

7 -

MZ

w5 71 RY B 33 ®—’ MY

Bl 334 RPIBRETRE 5 BB AIEE RRE Y fh- 2% o fi-

X A

MZ

] 1

BE 71 R GB) 5 ®—’ MY o

R
Bl 34 24 RPIEPRGET LR o %554 BAB AR RRE Z $h- 2%

g L o
3.2.2 Tiltmeter
#-Tiltmeter i e =% & (B135) 0 &5 X~ Y #hiial & & & 3R ficehi

Do PRI MEAL AR A R RlA 4 0 TR ATe ST Bl e L f B AL

(RN N R
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B 35 Tiltmeter @8> 4 » EHA LRSI F > T4 b el Bkiz g G TR

33324 T &
iR RIZHE REY 0 AFL R L 68 24 50 24 F 50 &4k 2

AT o F X ER N 15 M4 ARk BRI ERICl RS A - 20 4P

ff 40cm =3t a kP (W] 36) ° A Bl f R BT =~ ABFTILE ~ 30 n{rd

BHEER i 4 0 BT

a BT A ML ERZE TRO) AR RT 2o H T IR E (B 37)

b. &4 £ A fl a4k 7 w3 ¥ 2V 1-100Hz chi 52 45
(sweep sine) 5 %o > r4 vk 2R 2R i TARE T 2R G BLAR i 4 RN A K
PN it S B o AR 0 3 BER Y TP L R ELA 4T R DR o
v wg w2 BTARRY -

C. iR A kY h7 dhdn s 2 0.5V-BV R iR TR ki RIZHE N T ARDT

R A e

41
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RN UL S L

Bl 36 4P TR CEER BB T ROI B ES S - 2 B
40cm jE3cia ke o AN K G AR 0§ BlAt ks RR 0 F I BlAS ARG
Stk e

B 37 TARRIER Sk 4 W - DHRE 7 1R R 0L 150m & ik ok el 4
S SN FS S A ETE: S O8 SUEJERTECE SOR
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3.3 Tl e BRI 2
—},z‘" BrEeni & # K‘zcﬁrﬁ’;—fr@ﬁiﬁ:ﬁﬁﬂﬂxz}% » BT ?;}i;‘aﬁ;‘f—ﬁfglw

Bk R AR 0 IR AR R IRBE ST kT A o BB RR S T L

)

!
#

%

~>m

AP hiE P FEA 2T NREFREOTRET T G R o BT ikRT
FRBFLDE IS xR T AR EEITZm A KA M AR RF KR
T T e aEfeB R AT A FE R fraEl ¥ g
FIFBEEEFBR{ER VTR esaE L ER |[fr@ st dld @ ¥ 3 &L
P T R FREG BN K BB THRY R E RE 7 0 R
BF </ EIENEE: ) W

FIpt AR 37 Hk ) SOBEM FlesrEan 2 > A REHF RN AHEA

F
B
IR
;;}

FA R BB RE (T R D T

a FHRFTHEESHEFE AL TRHAE - % 137 BRAE A S 5 Fluxgate e
MX ~ MY ~ MZ > g A2 en TX ~ TY fe2bim it T EX S EY 0 B2 F 7
FEUPE ¢ A Bt T B NI f R PR 3R S R (] 38) 0 R
FTHEGHBLHY60F  BFIFRIRBN3LEEFFE -

b. MR FAL L G FFEFIRPIOER? > § & * TRIRE Z (Datel DVC-
350 » chrome-
extension://efaidnbmnnnibpcajpcglclefindmkaj/http://www.calibratorsinc.com/imag
es/DVC-350Adatasheet.pdf) & # #F & e’v’vﬁig,] IR BTRARE R D L
@i MX MY s MZfe TX~TY & R RRRE Behf &P 2 TRl e Ea
#4# (GND) > EX~EY Bl .4 w43 BRARE B ~ § & 2441 T ket
Birf Bl o 2% { B2 SOBEM » Az Tl » A 883 MX MY -
MZ -10 ~ +10V 3 & » TX ~ TY -5~ +5V &7 & » EX ~ EY -0.012V ~
+0.012V ehT B > aRF A E M E A ET P Y A IV R H A D
B o@ T Hrens BRI EU 0.001V kR 0 E - = B¢ R 30 4R
OBEM iedk > Fiehrn 2 BT > & o w2238 31+-32-332 34:¢

1

I= >
5 &
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TR L TS EARRIERERF o TSRS TRA
4EHBE o P EF F MNP R WA TR TR BN IR ] o
S ELTRBEALBLAEE Y REE R iy W AR YIS RE (root

mean square, RMS) % % 7 # § e+ /] » F F M NrmsZ_gd ;4 3.1 #3- §

e B o AT

Nypms = %(A§+A§+---+A31)
3.1
332 MM AFAL
MPREL U e R 0 FRRNEEGEL W HLE o ¥ Uy e

R oM FER > A 5 MR A A BIA o ﬁﬂ§¢$*@ﬁ>*%~&%
ZEeant Gl E A~ BRLOR{ e h A R §RE L P ERT IR
SULpE o O F LF A G ELIRRF O o FART g N USRI R Al
PROHFMUFALARET cMPAREALPNRBEF LT FE U PR RS

SRR o R

=3

GFERPBARRE: SEP T ERDRRE 0 L ALEREN DG A

B U E TS ER A B W AURRAT i § AR
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LA R T > BN 32403391 E > AP 4 B AL chE A R

3.2

A= Av erage (Average (Vo)—Average [Vo))

4]

A Lt BF Vi ﬁi%l ~ 7 & > Average(Vo) ® 4 & lfﬁc—i'lﬁ%l > Vi pFar B 3 e
%Jm@@oﬁ—%?@ﬁ§%&20ﬂié’j%QZOﬂﬁﬁﬁﬁﬁﬁﬁﬁ—
32T B o Average(Vo) L #iy » 7 B G OFF o sedkd|hry BT 391 7 1)
TR FE i @**»ﬁ,ﬁ%@%ﬁ+%$oi?%ﬁ@w5%%%ﬂﬁ
FERPERLEE IV RS S mE o R Fluxgate ¥ 5~ TR g
F+10V > $ > 7 £ R34 B 5 £100,000 nT > 3+ 8 41 1V £ & 4p % > 10,000
NT o EEghii Al 7 IR hifial £ R # R 5 425" > §ack 5 7.2VIg» & 90" 4p %
3 1g 0 Flw Ao 1V 4p g 3 1257 -

Error % — [A‘;i] +* 100 3.3
T

At g TRV RN ares B8 Ar g » REB D A2 %

/\‘.
%
ey
(7

(7T A T Ha X B .

BB B TR S BT DR T ALY TR R DB UELE B A R R
(Full scale) 3ugz B et @ o o o ¢ o Boo ) BLE ¥ HRT R P mend F
Rt o Full scale Y& % & B ¥ o] chk < JR g o # f f5 B ARG &

EHFEFEP B N EREE TR R T R RNEL TR EHF AN
B om B A RS ) o BT o ERIELE 2 R R AT ko ﬁéﬁé%lﬁlﬁﬂﬁ?i@%
FAFER P FIE T RBA T L7 PIRGNE > A MIRT RS
ﬁﬁﬁogﬁﬁﬁwuﬁﬁﬁ34%%E’@%$ﬁﬁﬁﬁ€%%ﬁW§%ﬁ°
0 F 34 k4R

D::ZOIOg(%ii)
3.4

Vimax Z_F L 358 B “7ac 3ok end ~ #icle > & SOBEM ehg B E P » MX ~
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https://www.nuvoton.com/

https://www.ltc.com.tw/Product/Detail?l CODE=CASG113

SkyNav:

https://www.skynav.com.tw/article/134

Bartington Instrument:

https://www.bartington.com/products/high-performance-magnetometers/mag-13-three-

axis/

TE connectivity:
https://www.te.com/commerce/DocumentDelivery/DDEController?Action=showdoc&
Docld=Specification+Or+Standard%7F108-
160017%7FB%7Fpdf%7FEnglish%7FENG_SS 108-160017 B.pdf%7FCAT-TSI0007

Clovertech website:

http://www.clovertech.co.jp/products-electrode.html

Tardiran Batteries:
https://tadiranbat.com/technical-data/product-data-sheets/
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https://www.ltc.com.tw/Product/Detail?ICODE=CASG113
https://www.skynav.com.tw/article/134
https://www.bartington.com/products/high-performance-magnetometers/mag-13-three-axis/
https://www.bartington.com/products/high-performance-magnetometers/mag-13-three-axis/

o As BRI EREE
(éﬁ fl Bartington Instrument:

https://www.bartington.com/products/high-performance-magnetometers/mag-13-three-

axis/)
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https://www.bartington.com/products/high-performance-magnetometers/mag-13-three-axis/
https://www.bartington.com/products/high-performance-magnetometers/mag-13-three-axis/

Bartington Instruments Ltd

L
5, 8, 10, 11 & 12 Thorney Leys Business Park ®
Witney, Oxford OX28 4GE. England a l 1 I I g O | I

Telephone: +44 (01993 706565

L Email: sales@bartington.com Instruments

=
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Mounting Accessories

A range of mounting accessories are available.

Mag-BR Mounting bracket for use with the Mag-13MC

Mag-T Tripod

Mag-TA Tripod adaptor

Mag-LP Levelling platform for use with the Mag-T, Mag-TA and Mag-MR

Mag-MR Mounting rack for the installation of Mag-LP and Mag-13 sensors, available in lengths of 1 metre and multiples
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- Mag-13° Three-Axis Magnetic Field Sensors ‘

Compatibility

The Mag-13 range is compatible with the following data acquisition and power supply units from
Bartington Instruments.

e PSU1 Power Supply Unit

¢ Magmeter-2 Power Supply and Display Unit

e Spectramag-6 Data Acquisition Unit

= SCU1 Signal Conditioning Unit

* Mag-03DAM Data Acquisition Module (adaptor cable required)
¢ Decaport Analogue Interface Module

* DAS1 Data Acquisition System

*  DecaPSU Power Supply Unit

(Outputs for the test coil and temperature sensor are presently only available with the DecaPSU).
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Mating Connectors

Mating connectors for the Mag-13MC and Mag-13MS models are supplied free of charge.
Submersible mating connectors are not supplied.

Cables

The standard cable length is 5m; alternative lengths are available on request.

All cables are terminated with a Hirose RM15TPD10S, suitable for connection to Bartington Instruments’ range of
data acquisition and power supply units.

Mag-13MC, Mag-13MS

Conductors 7/0.2 PVC insulated conductors, overall braided screen and PVC sheath
Type no. 7-2-8C Black to Def Stan 61-12, part 4
Conductor resistance 0.092(/m
Capacitance 100pF/m core to core
170pF/m core to screen

Mag-13MCD, Mag-13MSS submersible cable

Conductors 8 conductors, 3x shielded twisted pairs, 2x untwisted, overall screen and polyurethane sheath
Conductor resistance 20.5(/km at 20°C

Weight 0.2kg/m (in air) 0.075kg/m (in seawater)

Cable bending radius 95mm (static) 130mm (dynamic)
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- Mag-13°® Three-Axis Magnetic Field Sensors ‘

Environmental

Operating temperatui

re range

-40 to +70°C

Storage temperature

range

-40 to +70°C

Compliance (CE, etc

)

EMC BS EN 61326:2013 & RoHS

Additional environmental qualifications

Mag-13MCD 550bar hydrostatic pressure test

MC
MS
MCD
U
U-TPU
MSS

Environmental protection / sealing

P67
P67
IP68 (5000m)

IP68 (200m)

N/A (unpackaged)
N/A (unpackaged)

Mechanical

Package options | Cylindrical Square Square Cylindrical Deep | Unpackaged Unpackaged
(MC) (MS) Submersible Submersible L) 2-part
(MSS) (MCD) (U-TPU)
Dimensions @254 x 32x32x 30x 30 x @60 x301Tmm | @ 23.2x Probe:
203mm 203mm 251mm 150mm ©23.2 x 43mm
Electronics:
19.5 x 129mm
Harness length
max 5m
Weight 82.59g 222 .69 300g 9509 23.59 1579 (max
cable length)
Enclosure material | Acetal & PEEK | Acetal Acetal PEEK n/a n/a
Connector Fischer AL-1731-DEU-1031- SubConn SubConn MCB- | Molex 53047- | Molex 53047-
A010-SR-11-11-G-12 MCBH10FNM H10F (under- 0810 0810
(under- water mateable)
water mateable)
Mating connector | Fischer AL-2211-S-1031-A010- SubConn MCOM10M or Molex Pico- Molex Pico-
SR-11-11 with E3-1031.2/6.2 MCIL10M blade 51021- blade 51021-
(underwater mateable) 0800 0800

Ground Fixed - 70°C
Ground Fixed - 50°C
Ground Benign - 70°
Ground Benign - 50°

MTBF - MIL-HDBK-217F:

C
C

60,000 hours
86,000 hours
95,000 hours
157,000 hours
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Mag-13® Specifications

Performance

Number of axes Three

Polarity +ve when pointing North

Full Scale Measuring Ranges +70uT +100uT +250uT +500uT +1000uT
Scaling 143mV/uT 100mV/UT | 40mV/uT 20mV/uT 10mV/uT
Scaling error +0.5%

Scaling Temperature Coefficient <+60ppm

Linearity error 0.0015% (least squares fit)

Frequency response at 50T peak DC to 1kHz (+5%)

Max Bandwidth at 50uT peak 3400Hz 3100Hz 3000Hz 3000Hz 3000Hz
Max Bandwidth at full scale 3000Hz 2500Hz 1100Hz 700Hz 300Hz
Primary Resistance 10Q2 £1.5Q

Primary Inductance 1000uH typical

Secondary Resistance 36Q +4Q)

Secondary Inductance 5600pH typical

Noise:

Standard <10pT rms / JHz @1Hz

Low noise (L) <6pT rms / JHz @1Hz (70 and 100uT range only)

Zero Field Offset <+30nT <+40nT | <=50nT
Offset Temperature Coefficient <+0.6nT/°C <+1nT/°C

Peming (Magnetisation Hysteresis)

<2nT (at 1 x Full-scale, when powered)

Orthogonality error between axes

<20.1° (<+0.2° for MCD)

Alignment to datum face/s

<+0.1° (Mag-13MS only)

Excitation Breakthrough

<5mV pk-pk 15.625kHz typical

Start-up/Settling time

<100ms

Warm-up drift time

15 minutes to meet specifications for scaling
<60 minutes to meet specifications for noise

Electrical
Supply Voltage

+12t0 17V

Current Consumption — Positive

35 to 41mA in zero-field

Current Consumption — Negative

13 to 17mA in zero-field

Power Supply Rejection Ratio 120dB
Power-on Surge +90mA, -25mA, 20ms
Analogue Output +10V
Output Impedance 10Q
Test function field in each axis -1uT £10%
Maximum cable length 1.5km
98
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‘ Mag-13° Three-Axis Magnetic Field Sensors ‘

Product Identification

Product name  Package

Mag-13 MC = Circular enclosure
MS = Square enclosure
MCD = Deep submersible circular enclosure
U = Unpackaged
U-TPU = Unpackaged 2-part
MSS = Submersible square enclosure

Noise

No code = Standard noise
L = Low noise

Range in |IT

70 = £70pT

100 = +100uT
250 = +250uT
500 = +500uT
1000 = +1000uT

Sensors with ranges = 250uT are only available in standard noise option.

Example: Mag-13U-TPUL100 = An low noise unpackaged 2-part Mag-13 with a measuring range of +100uT.

99

doi:10.6342/NTU202400360



Features

= Wide range of enclosures; unpackaged and submersible versions available
* Noise levels down to <6pTrms/,[Hz at 1Hz

* Measuring ranges from +70uT to +1000puT

* Bandwidth of up to 3kHz

* Environmentally sealed and shielded from electrical interference

Typical Applications

* Magnetic field monitoring

* Use as feedback sensors in active magnetic field cancellation systems
* Magnetic signature measurements

= Electromagnetic surveys
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Mag-13° Three Magnetic Field Sensors

Mag-13°
Three-Axis
Magnetic Field Sensors

The Mag-13 range of sensors provide high precision
measurements of static and alternating magnetic fields.
Different combinations of noise level, measuring range,
and a range of enclosures, make the sensors suitable
for use in many applications. These include defence,
physics, geophysics, bioelectromagnetics and mineral
exploration.

All sensors have an integral test coil that removes the
need for a separate calibration unit, and a temperature
sensor.

Bartington is a registered trade mark of Bartington Holdings Limited in the following
temitories: Argentina, Australia, Brazl, Canada, Chile, China, European Union, Hong
Kong, Iceland, India, Israel, Japan, Malaysia, Mexico, New Zealand, Norway,
Russia, Singapore, South Korea, Switzerland, Taiwan, Turkey, United Kingdom,
United States of America, and Vietnam.

Bartington is used under licence by Bartington Instruments Limited.

Mag-13 is a registered trade mark of Bartington Holdings Limited in the following
territories: European Union, United Kingdom, and United States of America.
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Mag-13°

Three-Axis Magnetic Field Sensors
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bartington.com
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ek B Tiltmeter 4.3

(TE connectivity:

https://www.te.com/commerce/DocumentDelivery/DDEController? Action=showdoc&
Docld=Specification+Or+Standard%7F108-
160017%7FB%7Fpdf%7FEnglish%7FENG SS 108-160017 B.pdf%7FCAT-TSI0007)

Mouser Electronics

Authorized Distributor

Click to View Pricing, Inventory, Delivery & Lifecycle Information:

TE Connectivity:
G-NSDOG2-002 G-NSDOG2-003 G-NSDOG2-001
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DOG2 MEMS SERIES VOLTAGE INCLINOMETER

FUNCTION VIEW

X-Axis +X Y

This DOG2 MEMS series voltage inclinometer is designed for floor mount application.

ORDERING INFORMATION

PART NUMBER NAME DESCRIPTION

G-NSDOG2-001 25D0OG2 MEMS SERIES VOLTAGE Dual axis inclinometer, floor mount, range +25°,
supply 8 to 30 VDC, output voltage 0.5 to 4.5V

G-NSDOG2-002 45D0OG2 MEMS SERIES VOLTAGE Dual axis inclinometer, floor mount, range +45°,
supply 8 to 30 VDC, output voltage 0.5 to 4.5V

G-NSDOG2-003 45D0OG2 MEMS SERIES VOLTAGE Dual axis inclinometer, floor mount, range +90°,
supply 8 to 30 VDC, output voltage 0.5 to 4.5 V

For other orientations, measurement ranges or supply voltages please contact TE Connectivity sales representatives.

NORTH AMERICA EUROPE CSIA . | y 1
a t Specialties (China), Ltd.

Measurement Specialties, Inc. MEAS Deutschland GmbH (Europe) easufemer

aTE Connec\\vig Company a TE Connectivity Company a TE Connectivity Company

Phone: 800-522-6752 Phone: 800-440-5100 Phone: 0400-820-6015

Email: customercare.hmpt@te.com Email: customercare tise@te.com Email: customercare.shzn@te.com

TE.com/sensorsolutions

Measurement Specialties, Inc., a TE Connectivity company.

Measurement I TEC y, TE C (logo) and EVERY CONNECTION COUNTS are trademarks. All other logos, products and/or company names referred to herein
might be trademarks of their respective owners.

The information given herein, including drawings, ilustrations and schematics which are intended for ilustration puposes only, i believed to be reliable. However, TE Connectivity makes
no warranties as to ts accuracy or completeness and disclaims any liability in with its use. TE C shall only be as set forth in TE Connectivity's Standard
Terms and Conditions of Sale for this product and in o case will TE Connectivity be liable for any incidental, indirect O sorsergiohiel damages arising out of the sale, resale, use or misuse
of the product. Users of TE Connectivity produicts should make their own evaluation to determine the suitability of each such product for the specific application.

©2015 TE Connectivity Ltd. family of companies Al Rights Reserved

SENSOR SOLUTION:

DOG2 MEMS SERIES VOLTAGE INCLINOMETER 07/2017 -—TE Page 4
—
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DOG2 MEMS SERIES VOLTAGE INCLINOMETER

PARAMETERS
Parameter Value Comment
Range +25°, +45° or +90° Dual axis sensor
Accuracy, typ. 0.5° T=-40 °C to 85 °C
Accuracy, typ. 0.15° T=25°C
Resolution 12 bit
Refresh rate 100 Hz Internal processing
Startup time <1s Valid output signal
Supply/excitation voltage 8t0 30V Direct current (DC) stabilized
Supply current, typ. 15 mA No load
Output 05t04.5V -25° to 25°, -45° to 45° or -90° to 90°
AMP Superseal 1.5-Series, Requires 4-pos. plug housing,
Connector 4-pos. cap housing, AMP Superseal 1.5-Series at connecting harness,
TE Connectivity part-no. 282106-1 | TE Connectivity part-no. 282088-1
4 wire 0.25 mm2, PUR, length incl. connector 400 mm, full temperature
Cable : :
outer diameter @3.9 mm range, flexible
Operation temperature range | -40 °C to 85 °C
Storage temperature range | -40 °C to 85 °C
Weight, typ. 60 g
Dimensions 70.5 mm x 45 mm x 15 mm WxDxH
CONNECTOR PINNING
Pin Function Description 3
1 Vce 810 30 VDC supply input (+) { }
2 GND GND N
3 Output X 0.5 to 4.5V, X axis output g
4 Output Y 0.5 to 4.5V, Y axis output
TRANSFER CHARACTERISTIC
15 [ i
|
|
T |
> [
-
e e |
= I |
8 | | Part-No. ¢mm d)max
| : G-NSDOG2-001 -25° 25°
: I G-NSDOG2-002 -45° 45°
0.5 | | | G-NSDOG2-003 -90° 90°
d)min 0° d)max Linear transfer characteristic between @min and ®Pmax

tilt angle / © —

SENSOR SOLUTIONS // DOG2 ME

MS SERIES VOLTAGE INCLINOMETER
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DOG2 MEMS SERIES VOLTAGE INCLINOMETER

Dimensions Imml

Top View

Right Side View
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g 415 Series
Fronf View
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vRoHS

Ce€

FEATURES

*

»

8 to 30 VDC supply voltage

Digital signal processing includes

o filter (e.g. vibration
damping)
o temperature
compensation
12 bit resolution
100 Hz refresh rate
-40 °C to 85 °C temperature
range
Accuracy typically
o 0.5° |-40°Cto85°C
o 0.15°| 25°C

APPLICATIONS

LI N . R I

Mobile and stationary cranes
Lift platforms

Building control

Weighing systems

Truck chassis leveling
Vehicle applications

Road construction machines

DOG2 MEMS SERIES
VOLTAGE INCLINOMETER

SPECIFICATIONS

+ Dual axis inclinometer

+ Measurement ranges +25°, +45° and +90°
+ Voltage output

The DOG2 MEMS-Series inclinometer dual axis is
mainly developed with focus on platform leveling,
dynamic engine management, tip-over protection and
tilt alarm.

A fast response time and good accuracy makes this
device the ideal choice for mobile leveling
applications. It features digital signal processing
including temperature compensation.

The integrated filter improves performance and allows
using the sensor in many noisy environments (e.g.
vibrations).

The inclinometer includes a powerful digital signal
processing that offers various filteralgorithms and
allows customer specific OEM solutions. It is possible
to adjust the sensor to different environments yielding
an optimized performance. Customization can also be
made in terms of angular range and connectivity,
i.e. cable and connector.

The PA6.6 housing is very compact in size and has
compression limiter bushings for safe installation of
the sensor. It is compatible with oil, grease and fuel
also. Therefore it is frequently used for engine and
vehicle applications.

SENSOR SOLUTIONS // DOG2 MEMS SERIES VOLTAGE INCLINOMETER
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e D - AT s R
(Tardiran Batteries:
https://tadiranbat.com/technical-data/product—data—sheets/)

TL-5930
TADIRAN,
CELL FEATURES é/?ﬁ/ M

3.6 V Primary lithium-thionyl chloride (Li-SOCI2)
Fast voltage recovery after long term storage and/or usage A 2; Z @?/E§
High energy density

Low self discharge rate

Bobbin construction MAIN APPLICATIONS
Hermetic glass-to-metal-sealing

Non-flammable electrolyte

Restricted for transportation (Class 9 worldwide)
Non-restricted within the US

Utility meters (elect., water & gas)
Automatic meter reading

RF systems

Sensors & monitoring systems
Tracking systems

Wireless security systems
Automotive electronics

Yotz VOLTAGE RESPONSE AFTER STORAGE

Aftor 2 yoars Industrial electronics

Ultra Low Power (ULP) devices
Others

34

After 1 year

After 5 years
32

After 8 years

3.0 STORAGE CONDITIONS

After 10 years

B Cells should be stored in a clean
28 & dry (less than 30 % RH) area

Pulse applied: 60 mA for 1 sec B Temp. should not exceed +30 °C
Storage: RT
26 Background current: None

24

0 200 400 600 800 1000 1200
msec

For updated information please visit
our website www.tadiranbat.com

HElE VOLTAGE RESPONSE ol VOLTAGE RESPONSE
3.6 36
After 1 year After 1 year
34 74_/7 o il 34 Vol
32 32
After 5 years After 5 years
30 30
28 After 8 years 28 After 8 years
26 After 10 years 26
Pulse applied: 60 mA for 100 msec Pulse applied: 60 mA for 100 msec
24 Temperature: RT 24 Temperature: RT
Background current: 50 pA Background current: 100 pA
22 22
0 20 40 60 80 100 120 0 20 40 60 80 100 120

Note: Any presentations in this data sheet concerning performance are for information purpose only and are not construed as
warranties either expressed or implied, of future performance. ECN 1501879 Rev. C 11/08

Page 2 of 2
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MODEL TL-5930

International size reference: D, ER32L615

TECHNICAL DATA é/?ﬁ/UM |

(Typical values @+ 25°C for batteries stored for one year or less)

= Nominal capacity @ 4 mA,to 2V 19 Ah 77
a Rated voltage 36V % Eﬁ/ E§
Ja Maximum recommended continuous current 230 mA
B Maximum pulse current capability 500 mA ok 4N
m  Weight 93 g (3.28 0z) L
(80.173")
®  Volume 51 cc
B Operating temperature range -55°C to +85°C —
| Li metal content approx. 5 g )
W U.L. Component Recognition, MH 12193
oIS DISCHARGE CHARACTERISTICS @ +25°C ; =
4.0 % =
35 © <
30
2:5 L J
32.9Max.
20 .
330 560 1800 3300 910Q 18ka (21.295%)
~100mA ~60mA ~20mA ~10mA ~4mA ~200 pA
15 (90Ah) (13.1Ah) (169 Ah) (182AN) (190 Ah) (154 Ab) TERMINATIONS & ORDERING NO.
SUFFIX- /S STANDARD 15-5930-21500
10 SUFFIX- /T SOLDER TABS 15-5930-31500
T 10 100 1000 10000 100000
Hours
s VOLTAGE VS. TEMPERATURE Al CAPACITY VS. CURRENT
0

Note: Any presentations in this data sheet concerning performance are for information purpose only and are not construed as
warranties either expressed or implied, of future performance. ECN 1501879 Rev. C 11/08

Page 10f2
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e EAIS e =R 2

(SIQ/Nav:https://www.slwnav.com.tw/article/134) | 7

is the suitable device to manage your marine asset.

System Solutions I av
Innovative robust products Nav Your Life

AIS Transceivers, Buoy Trackers, Antennas, Networks

1.\ ByA1[J Solar Power AIS AtoN Buoy Tracker

HIGH-QUALITY AIS TRANSMITTER

High-Sensitivity GPS and efficient AIS communication technology help you
manage your buoy by immediate addressing. Install on the buoy or other
marine asset in the sea or lake for collision avoidance.

SKYNAV Technology, Inc.
Tel: +886-2-2687-0869 / Fax: +886-2-2687-00956
www.skynav.com.tw / service@skynav.com.tw
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Brief description

High-Sensitivity GPS and efficient AIS communication technology help you manage your buoy by immediate

addressing.

Install on the buoy or other marine asset in the sea or lake for collision avoidance.

Features

Transmission range: 10~16 NM

Easy to install, Easy to track

Interval setting: (Every 1~6 minutes)
Built-in night warning light
Weather-proof and high gain antenna
Drop-proof and weather-proof housing
Waterproof : IPX8

Night lighting and SOS button (optional)

s A

INQUIRY

i(https :/A’www.skynav.com.tw/article/105)

Product description

AT-206 is a solar powered AlIS AtoN device that is a high-quality and cost-effective marine asset
fracker. Install this device, you can monitor, identity and manage their buoy or other target
immediately. AT-206 provides the buoy or other marine asset position, battery power and MMSI

immediately.

The owners can manage their buoy or other target and for collision avoidance. Dramatically increase
the effectiveness and decrease the cost of management.

AT-206 is easy to install on buoy. The full battery status can be operated continue up to one year. This
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Model

Battery

Battery Type
Operating Time
1/0 port

Size (Main Body)

Operating Temperature
Storage Temperature

Flashing 1~10 sec (red & green)
Fast Flashing 10 sec (red)
Flashing /sec (green)

Flashing 3 sec (red & green)

AT-206

12.6V 3200 mAh
Rechargeable Li-ion battery
Over than 1 year

Quad Band 161.975 MHz / 162.025 MHz
Baud Rate 9600 b/s+50ppm(GMSK)
Bandwidth 25 kHz

Output Power 2 W (can be customized)
Transmission Range 10~16 NM

Antenna External 1m VHF antenna
GNSS Chipset ublox

GPS Receiving Channels 72 channels

Tracking Sensitivity -160 dbm

Position Accuracy 2.5m CEP

5 pin waterproof connector
19.7cmx 21.2cm

Weight (Main Body) 8508
Waterproof IPX8
-10°C~60°C
-20°C~70°C

Battery level 10~100%
Low power warning
GPS signal searching
AlIS data transmitting

SKYNAV Technology, Inc.
Tel: +886-2-2687-0869 / Fax: +886-2-2687-0096
www.skynav.com.tw / service@skynav.com.tw

Z

TEL:886-2-26870869

6F., No 105, Xicheng Rd., Bangiao Dist., New Taipei City 220,

Taiwan (R.O.C)
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¥ & )% R § ek SOBEM deployment record

Date:

i ¥ pE ¥ (GMT): (RHPER)

SOBEM S/N: Site Name: Site No.

N , E ,Deep: m

Configuration record:
Data Logger:

Fluxgate:

Tiltmeter:

Electrode:

Start deployment
T fmut W EF% F SOBEM » /Eind 4t Bk 5
2.7 % L 343 g B R ikut ¥ AR R Il % > B RER LS LESH v

%%
i

03.#- AIS e = KRR > FEinft & -

o

D4, % B c B A L AIS © B Ec o

05. % Bt ON i f - & > R TR EE&FER -

06 Fr s 8 E L2 3] GPS U HL(Hf & %) -

O7.#2 3% Data Logger B 45>3e 45 (% & PP 4%) o

08584 p ) - ERELFRE -

9. %Kk EAMH T 4420 F7 o Tk 82 rkP o
01084 A B 3 2 S s - Budgae e

o116 % - Bdgmum ke » L RAp L B 3o o 9 h - Hudpa o

D123 % = B AT A (S » e A E /A G b 0 2 GairE o
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¥ % 4% R T & % SOBEM recovery record

Date:

i ¥ pE ¥ (GMT): (RHPER)

SOBEM S/N: Site Name: Site No.

N , E ,Deep: m

Configuration record:
Data Logger:

Fluxgate:

Tiltmeter:

Electrode:

Dljcw 54 » T AISE- &M -

0278 % & 5 4= % = Hudsre o

O3 B4 A B A % - Budrad e
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08. % A RiF iR R BT A E IAR e
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