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FELZ 1 HOEH2RESHOE 2007l EToTWb. BfTEE%E 30[ETHRZED
HHEIZA(T o720, BIEBRHECHES ORI Z 279, X HIEMRERISGEOL T
HTx5. LaL, 1EICGEELTMTEISHEATEZEDIR T EEFNIPRIINTL 5729,
IRAETHZEBHRTE S, DT, 15 [EIR 20 [\ HLEHY A IV ERA T2 FFfE 2 B0
THEBL Y MT5 Z e T, #Ea%2% T LEBICET I N TEZE X 5.
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§ 2.3 WEETIODEHEE

WERE 7D WTIRE & OSE THERE 7L OEEEICED EHFTHO 7 L3V X
LZRIBL, Ehzizz DEENCHW (7).

THOMHFEMEZRH S 12E, WEBET LD Ml 23 TR Z0 TE» X ZFRIFICRE
2X5BETINVORRRBPRBETHD, 20 X5 KRiddiEe LTHRETLVERHWS.
BRI, BEPNE pI2H 3 & ZEBHET m 2R L AREL 2 BhoBEEd %z,
WY IR FL AL f; () ORPEHITRTET A TH 2228 VW 5.

J
d(p,m;&O) =& f (p,m) =Y &f(p,m) (2.28)
j=1

R 2.281CBWVWT, MEMOMELZEG X 2857 X— XX L EWHERERTHY, ZD
HER 5 (&) DNEBET VOEKE KD, MRETAEZHV X, NEET LD D
X BRI XA=RGHDIEBD e LTREINEDT, MMiErX) 2RTHEEE LTHEET
NDOGEOHEEHV, Zhe THEET LVOEEE] R,

N 2.28 DFKETHIUINFET L DEIGIZ N T X — X DHEEITHY T 2. 22T, 2D
HEEITINA ZMEEDEZ T ZHWS. bbb, 5 X —RIZHT 3580 m_ (&) (I
DOHIZH S UDREEINT WS 0 ZEREEONEERREHWTERL, HR
S, (&) BRD LT 5. BEDPAIE p, \ZH RN THEEFES m, LI &, B
d, P FENT2E, T X—ZRT FLDAER 2.20 ITEVEH T 5.

P (dt|5)7Tt—1(f)
P (d,)
o P (dt|§§pt, mt)
- fP (dt|§/;Pta my) ey () dE’

FHZ, I RX=ZX7 MVRBIHRRESIERID K S 5HEE, ¥ u & E£98UTH D,
B 2N VT 230, K231 DX 510z HEHTE. 2O X, 023 d, O
HFEZE DT HEUE T

Ft(g) =

o1 () (2.29)

-1
Q:{D;ﬁjéf@JMf”nnﬁ] (2.30)

mz@&ﬁw+%fmmﬂ (2.31)

IRV, RNEETLEEHL TV, K230, X231 r6bhd k512, AHE
ETFLOSEE—RRCEA L, BEEEMELTHL. LrL, HROEDRHEN KR
BOMIZ X > THEBITEHARTERVEEX, PROEEI/NS SR, EORMEHINE
ETIVDIRD D OIS 2GRN H 5. 2 2 THEEFERICBIEINHBE T L2 56F
N2 HPAD ST TGS, BEEMBRICR LML, DEZHEmE ¥ 21EH
Zhid. Mo zMeIniiRy.
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A#ET LOFHIFEHAO L =

” (G Tl D 5 1
: =
LR
ARETFAOTMEEAOL & [ERAHERE 71D
TEERL AT
o | T | Fmmosnn | T A
s PEEND LS T |
| - = | ) i2xx<is |
%4

2.11: NERE 7 VO HAHA [7]

ST EHERE LRI T T LV OEEE (= 0) 28BS 57D TDLIITRT.

p(xy)®  p(ylx)’p(x)’

B8 _
Pl = T eyyds = [ pley)ds (2:52)
x € RVUIPIREER Y b L, y e RVIZBHINS v L ERT. 2Ok X,
pylz)’ = L oo {—% (Ca+ @)Wy — (Ca + w>>}<2.33>
W 2
B _ 1 B Tyt -
p(x)” = TRk exp{ 2(m )" M (x ac)} (2.34)

LRI TES. 2e R Tz DOTHNE e Ry OTFHENE, w e R ITEH
J AR, W e R 338, C e ROPIFERNITE, M e R 13 8ETh R £ T
X232 D FEFIELAT 72 5.

1 1
Vv 2m)Pm WP/ (2m)Pr M|

p(zy)’ =

X exp —g {y— (Czx+w)"WHy— (Cx+w))+(x—z)" M '(x—z)}
(2.35)
2T, X235 DIEEETICEH T 5.

(y — (Cx +w)) "Wy — (Cx+w))+ (x—x)" M (x—2)
= ((y-9) - Clx—2)) Wi ((y—g) - Clz—2) +(x—2) "M (z - )
= -9 Wly-9)+@-2) "M
+C™WIC)(x —z) - 2(x —2)'C"W(y — g)

ZZT, P'Z2TitoLricsl.
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{(z-2)" - PC"™W ' (y—9)} P {(z-2" - PC"W ' (y -9}
= (x—2)'P Y zx—2)-2x—z) P'PC"W (y —9)
+(y—g) "W IlCPP'PC"™Wl(y — y)
= (x-— a‘:)TP_l(:v — &) —2(x — :E)TC'TW_l(y =)
+(y—9) ' WICPC"W ' (y — y)
W OB ERZHVS R236D LS ICET2. Ab¥ T LERNPEEMHZ 3.
wl-wlcpCc'™w! = (W+cCcMCH)! (2.36)
(-2 -PC™W 'l y—9)} P {(x—a&)" - PC"W ' (y—g)}
—(y—9)'WICPC"W  y—g9)+(y—9)"'W 'y —9)
= {(z-2)" - PC"™W ' (y—g)} P {(z-2)" - PC"W ' (y —g)}
+y—9) (W -W'CPC"W)(y —y)
¥/, z=2+ PC"Wly—-g) 35k
{@-2) -PC"W'(y-9)} P {(z-2)" - PC"W '(y - )}
+y—9) (W -WICPC"™W)(y — y)
= (x—2)"Plx—2)+@y—y) " (W+CMC") ' (y— 1)
rEEL. 2T, |Q=1QI Tt kD

[Pl = [M[|W[(W +CMC")™|
IMPIW|? = |PIP|(W + CMCT))’ = |PI°|(W + CMC")|’
T
= ‘% mp‘(ﬁfl) W+C;MC ﬂ\W—i—CMCT\(ﬁ’l)

k5. pley)P ITEHT S
@) = —— 1
ne VAW /2r) M

X exp [—g {(x—2)"P (w—2)+(y—y) " (W+CMC")'(y - Q)}}
1 1
V(2m)Pm W8\ /(2m)om [ M|

 exp [—% {(w—z)T (g) (- 2)+ -5 (W“;MCT)l <y—g>}]

1 1 1
B/ (2m) e (|P||W + cMCT]) Y \/m)m wecpor \/ (2

< exp [—% {<m Ay (%) @2+ -9 (P C;MCT)_l (v y>}]

P
B

(2.37)
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Total Errors [times]

F72, R232D0HFPICEHT S

/ p(xy)’de = ! !
By (@m)e-00em) (|P|W + CM )Y \/ (2myn | we2gae
B
1 W+ CMCT\ ™
<exp [—§<y—y>T( RO <y—g>] (289
FoT, R2REBUTDOLSIZELTES.
8 _ p(my)ﬁ
-1
S exp [—%(a} —2)7 (g) (x — z)] (2.39)
(2m)m %‘

HEXD, pEERLIGEOHEREEEIIIN 239D LI ICEH TS e TES. X
24%0g@Mﬁw7y74w&mﬁwéﬁzm0&®f%6.iof,ﬁuT%tﬁé.

_ 1B

ﬁ_kﬂ (2.40)

Mo, MPEmEiEAf =227 X=22H N L & kR, FEBICH LT
W72 Wz 20 REMED T DT — R BT L7-MERTH 2. RE2iX 1 [HoFTTEEOR
RIZAHLTLE > #EORE 7T 7t L7z, RIEBIENEE TV OEEE 2K 2.47
NHEHL, ITEBLIE L TS h=EE 75 7{b L 7.

i b, NERE 7L OEEED LR TAURRREZRED, EE#crr oMb D T5. 2
W, MAOEBIDS I 2L —3 a r2fTo TWBRET, FHEIKEDM EL TV 2004
IRINEBOFRE D, HENEE D 3 DDBRFEICE T 23BANC D 2 RE TR T 5
DTEIFNC P ZRE WD T 2720 TH 5. K3, K2 &b, RITEEDE 2 T\l
I ERREDT - TH D ARG TICE T 2R b o TWw5s. K3 kb B r—ARkZE 5
FEORED Lo TWE Z b, 1EOFEITEE TR 270 DEENDTiE% D3 E
LTW2Zerbrd. 6K 6NEHETVOEEES ERERMICHZDT, T
DI OHAEIDS I 21— a YERWVHETITATVWS I Z2RLTVNS.
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BEFtLYTFTNATX

§ 3.1 EBEtVHODOHE

mE LD HARICEWT, EfE ORBEEFEMEZIEIXT L I3MmO CTEELRRETDH 5.
S E DB & HRWMBEITFIHICEMN R AT LR T212H 2D, TENAEOSTE
fET S 2 FEDAE SN TV ESH, FHTPHTEDROEIIhH 2 N Z2dtHllT 2% 6 DIEE
WHTILS EficTWs. Filisi/h - RO 3t 3 2o 4 > Y — L ERICE
BOlDAA, 7 — 2 2R TERET VAT LARIBE L. Uk, Hfikro
HENCHEZ G525 Z kL, LB OFHRAIEREICH S W, RERD 3 #S oGt
B> AT LDFGFEEAT 72 [7). 2O YHT AL % HWCTEESITR & AR S X
OMERIEE TR D HR 217 - 7= [8][9].

MESE(Micro Electro Mechanical Systems) £ffi% FlWCifE S L7z 2mm A O+ >4
FoTRFoPVI) Ay I LIHDAAR S Y 2T 5. KBRS DIFS
FHW2 3 Y THE. 55, (a) TRIDBDEWMDNIF LI HIDA X =2 T (b) T
AT IYF v I THS. 3L HOS ) a3y T LAOREMD 2, HIZHE
BERABONE, £, HWIER LY 2y 3 ADORMEE FTRAHAO 2 o1 AN F,
BLXOF, o@D AiETH 5. F,, F,, F. 2t Y RAOEMTED, KDIJET 7,
Ty 0.8, TYTERTHBXNLEELLY,, V,, V.DEZIE, & 3ORHETIZ
LT 3.1 BRI D 32D,

V. 511 S12 S13 Ty
Vy = S21 S22 523 Ty (3.1)
V., 831 S32  S33 (o

FBRINARE ki (272 L4, = 1,) 2R B 2 2T, ZOHTHIRFHEL T 3.2 ZHWIUL,
b o s, 7, 0. ZBHTEIENTES.

-1

Tx S11 S12 S13 Vs
Ty = S21 S22 523 vV, (3.2)
o, 531 532 8533 V.,

B2 WER L7 o3 T34 R%RT. 5D TH 5 MESE £ > % F v 72 A
AT 3E e 3D A4 > = AERICECBE L7z, Ny 7V —& CPU DSHHAA F 7z 74
WBREEIEETS. Ny TV —3AY— 74 VREEBPREBITIBZILLHVONS, £
NANNYy TV —=%FHT 5.
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X-axis
sensor

4 3.1: 3Ty 77 B 3.2: Y HTANAR]T]

LTS B ERICEEE L, BBARERORE 3HIS 7 — X Ot T o7z, &l
BIRITZENTHRMZY) 2 Vo 4, BRI 11 B, FEE—BtOE X L2241 18.5mm,
26.5mm TH o7z, LU HICHEDLDLDHRWE I ICEREZ EIT-IRETEHIZ D, WiE
VHIER LR, AREEBAHLEL LTHEERS. 3D 2o 0 EMELHITR
D, BBRFEEIC X DIk @z IR TRt a8 2 5. BB 2D 255 b FICFIET
175. PR A 20, FHEEK, FEKOZRICBI 2BEICNTO T — 2 %K BE3(a) I,
RGO AMIS DT — &% (b) 2, EAARORANIGHT— &% (c) ITRT. [k
WKEETIRHC T — &% (d), (), ()R T. (a), (b), (c) DTF—RrLEREAREEZ S
Y, BOELHTEML TAREIHMIETWS 2k, KEHITE B L THitkOIKER
EHED RN, FIRE2EREZHoTHEHDOHLTWE Z e REDRHE LTR TN
5. —J7, (d), (e), () DTF—=Z»oMEETHEREZEZ S, EICHIREHTEML TV
EEZoN, TS U TEAMICHDEHIIZNTVWS Zebd 5.

TIZIKEBAT @RS E D, T D 21T o 72RF0 R EE 3 #G om0t 217 - 72, /K
AT OERBIIRMICY 2 Vo 2 EFHWRENT, RS ED & Th oFEBRZENDa Y
7V — bOHIETITo 7. EREOREBIITAETH 7. WITNOERIIBWTY, v
FICERD DD 5TV K 5 ITRTITEE - TRESHIENIZ A 72 WIREE TR 2 Bta L, e
LB DIRRBICR o T HEMEAN BT L7z, BRI THRAEM B B DIREE . L7z, B TR —
2FFEET 2 e BABHREOHEH VIO Lz, BRICHVWS F—Xi3Boh7—
2D 5 b EHFEED I EE L EER» HEEE 1 OS2 023 5.

X B2 3K TR D R E SIS I A OHER 2R, (a) ZEEILS, (b) ERTESGHD
BAMIES, (o) ZEAHADORAMIENTHS. (72, KBERIMERE LY BIUTFDIC
B2 REIHISHOHOWHEEZRT. (a), (b), ()& EYDF—XT(d), (), (FEF
DOF—RTH5. KBEIZBWT (a), (d)IFEERS, (b), (d) XRATERATADE AWIG
71, (), () FELAMDEAMIENTH 3.

INHDT =X HEBIRICB I 2BIT\NOHELERT 5. EHRKL L 2BICITET
DEMRFOEEIVNE L, FLAHEZRETESHTOBMD HLAKRENWZ b oTz. K
SHIEREE 2 T 2 BRICIXE T OB OE RN K E L, i, BHEZRATESSTOHD
HLADNIWZ e bhroiz. —TE O H LRORIEDOEEILC X, FHEEREIT- /-
FANTlE 220kPa FEEE L IZIF—EDRZXTHBE I dbbh o,
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3.5: PEELABERED € > 7 — & [9]
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&
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§3.2 avhila—XeBEEVYTNIR

AETIES av h 7> a—REEERE VI TFAAL R, BYEE VY TNAL 222l T
NAZRELTHWS.

avhoia—X

Yavh P a—RF Ry FL U ARKEMHOREL VYT, Xy FI U AMED
CEifME > T avyhrF v 7 6DoF) ZNE L7y H P 2—XTH S (KBS,
BIZM). > av 7> a—XITIERHEK, TR, HoE T 6 #iftE 9271
i3 or LI F IO SEIEE, v A ot 3» 1 EDF 4 ED+X >3 A
AENTWS., HAAENE BTl N BHEER, FHEER, ETHET2%6
#T MO NREOMIE R E D EER T — XZHEH 7 VR4 VA b=V LAY — b
TV TIVTNERA LIHERT BN TES,. 2O %, HEY 7 VX Android10
MEDNR=Y aoppBEr b, %7 Bluetooth#fix LT avhrsa—XDT—
X VT 5728 Bluetoothd. 2 A EDO ARy V3B iz 5. 2O EES) T — X I3HE
HDOWEBH#— 27y 7a— X, ME AN TUEZITS Z & THOS 3HlEHR
(Mo 1, H#EHED), AEAHEENIR ) o R EEIET T — 2 2 BHT 5. BRI
HEE S S), BiRAMEAN, EAAREAN, BES2ihs 5. EiEd7—
2 (FHHAFER) B X OB EENENT 7 — ZZHH WEB 3 — 056 csv B TX Y v —
ROA[EETH 5. kB, EHEE)T — XX 20msec(50Hz) FEHATESE T = 3 [10].

>ayhIFv T 6DoF

Tavh7F v X6 HOEKEME L V% 9 x 9 x 5mm 1D T2, B NDZ
it o THB. rHFarEmic, MEMSZHWTED, TAETIZRWEED
NEUEEFEB LTV, (fEHGZHEDS, 2034 XDy »oE#HTY ZLE
BEHNLTCTF—ZZINETZIENTES. ORy FOIRERY =27 7 TLF A
2RE, BONIAR—RIZWO I3 e 2HWE L, S TerdeiEEHicsh
o TGAMCHHRRETH 5. ARSI Farz—rary THRAZINATVWE ZDE VY
X, BRy bOFERICHEHL, ANERBEOEEE 7 — 2T 2217 T EBEREIC
BEH T2 2 e CREMNLGEEZEE Y L TEBLT 2 2 27 — 2B\ TR 72
BIEZATREIC T 2 & W\ o F2IBIA W, HRITCHEREL TW3 [4].

&

M 3.6: Zavyhrya—X[4 X 3.7: ¥ avh 2 F v 7 6DoF4]
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FSR402

FSR402 13t Y Y RENZMZ SNIEN 2B T2 DT, Fkxhba—~<2 1>
R—T7z—2AZHVWSLNS. HEIX7LFS IV T7 4 L AFERE, AR—V—HFE
Al, ZVF> TN 7 4 )V LEMD 3 OTHEINTWS. RIEEHFHA 0.2N 55 150N
FTLRLL, HREHE Vo 2BWb Do N\RIOBREZTEHIT2 e T 3.
JE &1 0.2mm THEBERCIEXUTTR W DG 2 BIX T IR 2 FM N H 5. £, K
HEE N2 OBMAED DR TFICB N TEZHHCIERET 3 [12). £h P, ikt
VY F—RE kg BN TRIDEDRD L. oY F—XDFEN%Ep, £ LTR3.3TE

F#35 [13].
5(1024 — p,,)
o P 90269 = log P,, .
031 +2.0269 7687 log (3.3)
BET/INT X

BHfEX >3 T4 Rida v ¥ a— &% RaspberryPi Zero W, > ¥ 75— XHUS
#% Arduino nano THEK L THED, € ¥ HIEFSR402EHE > ¥ % 60, MPU9250
Z 1O L TWED, 6EOEEIEE, AEREZHRIST2 2 ZraEL L
72T Y TN, A THS. Ny 7V —IF RaspberryPi Zero W EHHD N 7 1) —
EY 22—/ TH 5 PiSugar2 ZHH L 7z. PiSugar2 {4 £V X ®D RaspberryPi I [H53
FHLZdDT, YITHOHHIMES 2N TELZZkarte Mg, BELOH
HHERAN Y TV —EY 2 —NTHD. BIETNA ZOMEX33Hi, 754 ZDT R
7 LEEllE 4 EIC TR T 5.

 <ERF-5> <HEF—5> <ERF—5> <HEBF—5>
Elﬂ ?nzn '?u: 3 /
i 20 Z: 2
E’ 10 B ) g 10 / g 3 / j / § \ f
5 £ 22 u:f
! n\—{} 08 12 /\1: 2 I:\Td/\ 1;‘1/\4 0 f\-/\ {-‘J\ j\ ‘I' /\ L L ‘L
Time 14 M o8 12 ,Tﬁlm; N 28 0 04 08 12 w]:_lm. [.‘] 0 04 08 12 I—;,mi[
(a) ﬁhﬁ(DEET—‘S' (d) '!Ei:rIEGDEET 4
2 , gl 1/ | 2l o
§ 10 | ::"‘ § 4 /\ /\ E‘ [\ .‘ / , /
£ s | 7),,‘-" | 22 /\ E; /\ |
0 b— -i‘/."lt &;‘\"‘—_ 0 s lll \/\ J\ \/\ f\ rI) —\/ — S/
e T’Fimé [;]‘I e Tllﬂl-. [s] o |IT11;. [s] Tllﬂ-t‘ [\-j o
(b) PEERS DCDEEET 4 \ (e) BEERS UCOEET =4
éj %1 1A\ Al U ) ()&
121 fk f‘\//\ f’\/‘\ [\/\ : /\ 4}\\ I\« _r\/\ ;' rj» — M-‘:’I"‘ I .u"w." “:".M‘: :I /
0 04 08 12 u" 2 : 32 0 04 DX 12 16 2 6 4 T T‘m; [\] - - 0 04 08 12 |.e-1 :. 54 2% 32 36 4
Time | (©) BEREDOREF—4 Time [s. ] 0 BEBDOREF—4 Time [s]
>3vho>1—-ADT—4 BT )\ ADF—%

X 38 Tavhrda—RXBIETNA ZADHRfTTF—X&

MBERIBITRORET — &, EERADORET —X, FEERED ORET—XZ D 3D
BT T—2%, Yavh 7 a—X B Y TARAL REAWTT X2 INEL 77 71k
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LTHERLZZKTHS. MOBFWSZ 7I3EHEEK, BIE 18K, aRidEO 7%
Th?. BIEREBZEDOBEONIRICH-2 KEFE 2L, THERIMeDRHT
WIiCH7z2KERERED 21T, AR REETIUIREEZHRF T2 2208 TE5. A
BRI Z DORHEER, THEERK, R ZD 3 Fch-h, BHEZXZTWS. 5E, HEAE
ECHEID S 2BTIREE LTZo3EEOITEZ 7 — &b L, L2117 - 7.

ZORNZBIIZ20DT NN ZADT =X BT 2 HNIX, BIETANA ADHBITT—X%
ZRATDSAIREZR ST D IEME S, ZUM R o TV AL EERT AL A TH B avh 7
a—XHVWTHEIDZDTHS. BIET A RRZRTDT—XTIX, 207 =20 H
ZB3HD0NE IS ERW. BIZIE ) A XDBIEFICE L, BITREOITEZ#A$ 3
ZEMTERVWT =X THOHNIZN ML TREEZH L THEREL RV, Yavh s
Pa—RRIELWT—ZPEETES L, RIFEEITORICET EXHED T —X %
LR U CEET AL ADFEICBNTHZ 2 D0 5 2T 3.
PERZRBLEDZATT—X2RERZ Y, ZRZNOITENCBIT 2EOHEEIESH 5
A CELDE A EZRLTWS. Bl ZIZBTRO 7 — X%, M) SHIEICHEIL A A
i H S B TV < E FIRRIC RS (BHEER, FHEER) D Bt 3 2 BRF 23 D2 & Ft A
MBEZEeNTES. ZHUTED, BITROKREEZT—X 77 700l T2 I NTES
DTHET AL ZADT—RIZS av H 72— R AHEDLILTH B VRS, FRRICHE
BRED LBEDICTOVWTHHEDFRER T — X7 I 7% RLTWEDTHET AL 2V
TTF— 2RS35 2 eA[RETH 5. LIEXD, FSR402 W%l 7 N4 2R THfE
MrJRE R AR IER T — X 2 H 2 2D TEDR I BRI N TE.

§ 3.3 BIETNATRXOBEM

B{ET /N1 ADHE

BIETANA ZAB XA VY —LONHRESEZMBEIITRT. BIET AN RFA VY —
WY FNA ZED 2EHER L 7o TWVWD. £ Y = LEHIEKBA R 5bh 5 X512
6 ODEHE VDB HIFohTWa. 328 TARBOBEELZY 2 % 3 MIZAHEER,
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