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Development of compact IMU using MEMS sensors
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SUMMARY

Due to the recent declining workforce, labor shortages
are getting worse, especially in construction and
agriculture fields. Therefore, in these fields, improvement
of labor productivity by ICT (Information and
Communication Technology) introduction is expected.
Currently, in the construction field, efforts to use a new
ICT called i-Construction are proceeding. Also in the
agricultural field, efforts called Smart Agriculture are
advancing. In the use of these ICTs, we combine satellite
positioning technology and inertial sensors to measure
the position and attitude information of construction
machines or agricultural machines with high accuracy in
three dimensions. And by controlling the machine based
on them, we increase productivity of outdoor work. JAE
has been developing highly accurate inertial navigation
systems for aircraft, etc. JAE is also developing a small
inertial measurement unit using MEMS (Micro Electro
Mechanical Systems) sensors considering their use in
above industrial fields. This paper reports on the

development.

finZe 7R No. 40 (2018.3)

Copyright © 2018, Japan Aviation Electronics Industry, Ltd.



HEAN MEMS €LY ERIALEMEIMUORS: AN

I 1. [EICHIC

BUE, 2ICETT 20 FElnb & 22D A0, 2 OB TR REEZREZ L, RS
HFECREENH CIIEAME L TWET, ZOXKE LT, TNETHEA T2 ICT DEA L Zh
X THIb SN2 BEEREDR LA SATHES, b0 ICT ORI T, Bx ZREdF D
BANKENTIR D 903, BANTEE O D /EEEBOALESC RS OFHIEIN N HEIT 2 D £,

N O FHANZ 1A B RINL H A 23 M v E 9, GPS (Global Positioning System) % ] & L 7= 2l
AL AT DDA, AFE - HIIC L > THED LN TWET, 26T E L H T, GNSS (Global
Navigation Satellite System) & M:TiL, Z< OFEZHPICHHATE ZBRENESTEELL,

Z~— MRED OfER O TIITRERE O B ENEIROEBR PN ZENE T, TLENOIEETRE &V
MERGE TIT O MENED T2, MEZME > TANLTE 5013, MENODEFEZXET LT 77
frETd, EHE., 77 TEEEOEVMIEICRY o ded, AT aRaEs®@GR E %
EATT 256, BEROBAAZME L TMELZRDDLENED £T (K1), £/, EiZEIEO A#k
DIEDIZHEOmERRA 2B L THIEZAT O LENED . 206D MEIC IMU (Inertial
Measurement Unit/EHEFHAIZERE) 2AMEH S E T,

i-Construction 2 (ZI1F HEERAEE Y 1t 2 ClE, A, it i L, HERFEHORTOITR TR
T — X E AW IThhvE T, B TEIE RO T & MEi, B LR EEREO L T THECTRITI S
Dohiv, EEMOR ERHRINTWET, ZOFREELTIX, cm VAAVORE TR LAITY 2 &
MROHATWET, i LTI 2 @RI IR % RFEAE Y £T25, &I EDLN D1
WASHES 5~ T, WMEY g VOl L TIE, A7y FOSIRLEZFER RO D MERIED F
To AT o4 —IEENMNAOT 7 F WO AT TLEZRD, S 6Ty FOkimiiE £ TaitE
LET, AT 4= a~oliilis (7—A, T—4h, Ny ) ORIIBEMTHLI-O, ThE
ORI ZEERSRDDHZ EICE->T, ANy hoSeifrEZ M2 N TEET (K2), #HD
WITE Y 3~V TNy N OSENLE % 53 7 k5 TR O 2720121, B 11 Hivd IMU OEE 4 (1
—Vf By Tf) OREEEIX0.1 ° LFAREERY F9,

ARTIE. INHOEESHFTORMEERE L IMU ORME - FHHFER EWMES 2~V CHEMA L
Ytr DFHUREE OBFEHI DWW THRE L E

X 1. ERLOLE S W5 % E1TT D % X 2. IMU % B9 72 mEy 2 ~v

Copyright © 2018, Japan Aviation Electronics Industry, Ltd. fnze =75k No. 40 (2018.3)



HEAN MEMS €L 4 ERIALEMEIMUORS: SN

| 2. IMU [ZDL\T

IMU 1%, B 3Hi(X, Y, ZIZELE SN MBEER L v A aind IEE, AHEZRE L, Z0mR
MG R Ao CHf Lo B8, i, MEEZHT5%EETT (K3), R ToOMEOBIE 1L, [Hlixk &
BE) (E#HER) OMAEGOETRATLZENERET, ZhAbL0EZZRET 27200t 218
Pt o EMEOET,

FEEZZHD B Y = Pv A o (FEELZBHL)
BEIAMD oY = MEEEH OEE 2 M)

IMU

T BE

g e
v
5 — LEA
VxAn
s '—-» g — B ‘
Wil g o
III> ,ﬁ'[-:%‘

3. IMU 7 v 7

BRSO Y 2 AV B BT, RO LIS L THE SN E T, MEHEFAAEDO & &
2 To(Em)) 12725 Z ZFH LT, IMU OKFEREDREMNTN D0 AR L, PIIES %Kit
LEd, Z0XBMA (m—nf, ©yTFA) ONBIEBLHET L HEET 74 A FEFWET, 4
LB AL L, ToRobEEE (AHE) CBHE (NEE) 2Egmicmtd 22 &< IMU O
B NIE IR T 5 2 E R AEEE 2D 9,

72k, ARBAFTIL, @RED GNSS JIN 2 HT 22 L2 EL T AH7, IMU 2 BALED )
347> TV ER A

Copyright © 2018, Japan Aviation Electronics Industry, Ltd. fn2e = 75k No. 40 (2018.3)



SN MEMS €L 4 ERIALEMEIMUORS: 0N

3 BEROBE

BT 21T > TV D RAMEM OB 2T L £ 77, EtEt o Ii2id, MEMS Hifi 272y A ml LU
IRFEGT 2454 L E Lz, MEMS & o33, FHEET o 28582 I8 LT U = o Jii b I i
ZERME L2 O T, IMU /ML K= 2 MEZX D Z EAARE T, 4, ZOMRENm ELTE E

L7 ARIEMONBIAZ 412, "— R =THfE7 0y 72X 5 I1RLET, 72, FEAREEE 1
IR LET,

47:5._

"\kg‘@@

\e . 1/

L

4. AAESSMEL

MEMS N IR IR
Tx A g +7 ~+36V)
T L[] %
KR
MEMS A 1] Sh R
B et P . YUTIVAHT
- "~ (RS-2320)
< y M
U T VAT
(CAN)

X5 N—R7-THiET oy s

Copyright © 2018, Japan Aviation Electronics Industry, Ltd.

finZe 7R No. 40 (2018.3)



SN MEMS €L 4 ERIALEMEMUORS: AN

# 1. WfEdn 2R

. . N7 50(W) X 62(D) X 30(H) mm
e
B 120 g UL T
1L B -40 °C ~ 480 C
REAAR -
T B 500 G@1ms
ANJTEIR +7V ~ 436V
EIR AR -
HE T 1.0WLLTF
H RS232C (CAN % TiE)
~ F— R YTy al— 100 H
SEE L T—41 V% k z
oy FHEE 3 il R 3 i,
ot B fh, E o, 3
HEEL Y +300 /s
IEE L +2G,*t4 G, 8 GUiT D L P % 5#iR)
.,IZ ~
v vy T FEE (£807) 0.1 " rms
o—/Lf KR (£90°) 0.1 " rms

IMU OMREICHEE 52 2EKO 1228, IMU WNEEOFREAO FETE, B ORBAN & i
BRI EEZ KT L, IMU OB EELZ T 3, ARER T, SPMEE L RE S EHRDLIZTE
2PN, IMU O R DB 2 ST 720 K D ITERGHRET 2TV E LT, DR E 228 & ok 572
FEYMNHEET IO ICEE L, WD — M ERERT A L oIS EED E LT,

BT OB ZX 6 IR LET, X 61X IMU OFFHIREZ 80 CIZ L7c8id Ot v HEEUER DR
AT ERLET, REPAERITE B EROEE EAS I 5N THhD 2 ERNan £9,

EiRE:86.3 C e E82.0 C

L

Temp (Celsiug)

88.000

—~—

87.333

. B6.BE7

_ 66,000

. 85,333

. 84,667
84,000
! 83.333

. B2.6E7

D

. 82.000

§1.333
80,667
80.000

B il Boir Y&

6. & VAR OBEENT(80 CHEHR)

Copyright © 2018, Japan Aviation Electronics Industry, Ltd. fn2e = 75k No. 40 (2018.3)




HEAN MEMS £r4ERIALEMEIMUORS: I8N

IMU Offi FHBRBEIREE 1340 °C ~ 480 ‘C& LE Lo, JAVWVEEEHIPH Cff 9 2B, IREZ L2 IMU
OYEREIC B2 52 £+, ARMETIE, YOS 7 AZH LT IROMEEZITVE L, K712
YA aNA T AR, SITMIEEFH A 7 A LIRE, 2 LT, ZNEICY LD 1 RO EHR
R LET, TNENOREITE I OEETT,

1.00
Q)
@ 050
S
X
= 000 -
v
\
g

-0.50
P
AN

-1-00 I 1 1 1 I I

40 -20 0 20 40 60 80 100
mEE [°C]
7. DA 0RAL T A LEE

0.000
S 0.005
K =J.
|\
<
< -0.010
i
£
¥ -0.015
=
L

-0-020 I I 1 1 I I

40 -20 0 20 40 60 80 100
RE[C]

8. MMEFLFF A T A LI

AFERL TR, Vv A v, IEEEFHO AL 7 AREMIELSNC, £ HIIOR r— V7 7 7 2 —
MIE, S AT T4 A bOMIEZITV., BEAORSER E21T-> TWET,

Copyright © 2018, Japan Aviation Electronics Industry, Ltd. fnze =75k No. 40 (2018.3)




|4 FREASE

SN MEMS €L 4 ERIALEMEMUORS: 0N

B T I RRE TR 2T LR A2 R LET, T4 A2 MEE., o—LFR, EvyTFh
A, NI 10° AAHATHE L, AJTAICHTHELZBRELE LTWET, AJTADKEIX0.001° LA

T

3 DOMEEZITVE Lz, 1EX HOT START & MEQY, FEIFEHR AL 1 MU EEES S, 74 A
FEMEICT =2 ZBE LTV ET, HE o 2L COLD START & RO, iR T 8 B DL FjkiE IR aE
MHET T4 A RNEEML, BEIZT—#ZRELTC0ET, b 3EORIEIZX, |E T TITVWEL
72 (K9, K10), ZNHDOFERNDL, v— A EyF AL E 0.03 ° rms L FORFERGLIVE LT,

0.15

0.10

0.05

RE [ ]

0.00

-0.05

O—JLA

-0.10

-0.15

0.15

0.10

0.05

RE [ ]

0.00

EyFf

-0.05

-0.10

-0.15

I

HOT START

COLD START 1 [5[H ]
COLD START 2 [51H

L A A ;
"
\/4
-90 -45 0 45 90
ABAL ]
9. v — LAl R
HOT START

COLD START 1 [l H H
COLD START 2 [al H

he—="a'sd

-90 -45 0

45 90

ARAEL ]

10. E v F ARk 5=

Copyright © 2018, Japan Aviation Electronics Industry, Ltd.

finZe 7R No. 40 (2018.3)




HEAN MEMS €L 4ERIALEMEIMUORS: 50N

| 5 EtREEO®RE

FEZSRO @, MED 5 LDy MR ACE OFHIEE Z et LEJ, Flbii T T2 < JHn
bNDHEEZONDEEERE 20 ho 7 7 AOMEY a ~LICHE#H L-Ba2HE LT,

Fed. ALEOFHITIL, WEY 2 ~UIZERY T b7 GNSS 77 HirE %, RTK (Real Time
Kinematic) & FEEAL D @AEE ORI GFIETRO T, RTK PN OMEREEIX 1~2cem TH,

GNSS 7> 7 FIEIART 4 —D kIZ 2 D% E I, X7 > hDOEWTW D FALE 2 DORIN D BRSO
bET (K 11), MPTOFER L FHBRITIEME L ESNTAELRLET, FAAORNEREIZ RTK
BINLDOFEEE L 2 SOT7 7T ORI TRED . FAAKEIX 0.1° RifLtBZx 0N TWET, ZORKE
DTy NIRIRALE DAL T M ONMCEREFE L 2 em AR & 72 D £,

—  GNSS7vT+

_—

11. GNSS 7 v 7 F 2 L 5 FArEHAl

Fr L REBIZ 31T 2 BB A OWNEREEZ AW T SERNO T » MIEOFHRE LS 2 £ (K 12,
72— /L MO E BN G AT N v MERALEIXE I E RO OABEIZ K > THRED £
T3, JeuRLE OFHIREE 03 e B AR 22 2 DE, MLEFHOITE 72 D GNSS 7 0 7 0 B IO AN E.
BRI OB T, ZORBETOFHREZFE L ES, M 12 TIE, 2 FHFmIchiz Mix Lk
RETY,

GNSS7> 77

FHRIL=EmAE —

12. WET g~ DT b JeimzE O FHI

Copyright © 2018, Japan Aviation Electronics Industry, Ltd. fnze =75k No. 40 (2018.3)




HEAN MEMS €L 4 ERIALEMEIMUORS: I

HMEY 2 VO RT 4 — BOKERSY. TS IMU 2 B0 A1, BEEREEE D S 8N E T N TOAL
ERHEEZFH L, FIE7 =280 T, 7—20E S &7 — LAY ()72 IMU O%Sf4
FENS, 7—LDEEXsin0p & LTHINET (05 : BEARKE), TNERORSI, (CEFHR
EA F2ITRLET,

GNSS 7 o7 Finb Ty NESGALE £ TOFHANGE X, SR ORGEE O 3 i R TR E
v, BEM IMU OF IRIRREOEEAREEE 0.03° T, REIX0.37 ecm &7 0 £9, T/, REEIRE
-40 C ~ +80 CoO#iPHIZI T MM OFF IRREO BB AKX, 0.1° DINIZAe 5 2 & 2 FE5 Tl
RBLTWET, BBAEEN 0.1° OHAD GNSS 727 F 0537 » MNMedfrE OIS EIL, 1.23
cm T,

HAE, migicitit ST s MEMS o3 % fvi=/hM IMU 0% aRE D% <13 0.2° ~ 0.5°
TR, ZNOEHANWEEAEO GNSS 7 o7 FinbN gy MEMALEOFRREEIL, 2.45 cm ~ 6.14
cm (2720 £,

2. BRE LAEFHRE

IMU D& REEE (0 8) [ ] 0.03 0.1 0.2 0.5
R & [m] {8 5 A EE [em ]

GNSS 7 > T F b 7 — LA DT R 2.5 0.13 0.44 0.87 2.18

7= 1 5.7 0.30 0.99 1.99 4.97

T — L 3.0 0.16 0.52 1.05 2.62

AV 1.3 0.07 0.23 0.45 1.13

GNSS 7 > 7 F 630 R 5Ei 12.5 0.37 1.23 2.45 6.14

THHALHE L Clx, THEATC L > TRO BN SFEN /R Y | ZROEVERTTIE 3 cm FREMRES S
NTWET, A7y MebmiEOFHITIE. RTK-GNSS HIfZOREEE L GNSS 7 o7 Finb ATy M
Ui £ CORHAKEE 2 DR TFEICR D £90, ARELZHWZHEI1C, Hibii TTRO 5N 58
FEAm 7ot RiE L T,

Copyright © 2018, Japan Aviation Electronics Industry, Ltd. fn2e = 75k No. 40 (2018.3)




SN MEMS €L 4 ERIALEMEMUORS: 52N

6 EED

RS O IMU BAZE T - 725 25 L TlEd T B/ IMU OBIF IR 2 mE LE Lz, ZhE
T, IRWERARRERENT, WEY a2 L TREE SO EREBMEE 0.1 ° rms i/ TX 5l L
ERHZENTEELE,

Z O IMU (3 2 JINL & A DbE TN G EZBE L TWET, 4H%IF GNSS JINE Y = — /L %A
A2 IMU OBR¥EZ 1T > TV FETT,

(2% 3R]
1D BEWKEE [A~v— MREOEFIIMT RS MEHEROFH LD £ Lo (2016)
http://www.maff.go.jp/j/kanbo/kihyo03/gityo/g_smart_nougyo/pdf/cmatome.pdf.
2) E+zmE B - i-Construction A8 — 24—  http://www.mlit.go.jp/tec/tec_tk_000028.

Copyright © 2018, Japan Aviation Electronics Industry, Ltd. fn2e = 75k No. 40 (2018.3)




