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410).

o

=

o

>,
m1o fols
ool N
o uQ HowE

‘E _ll)lv n

ol

-4 10%37ke] AAdoelE e FFS Fatar, A7) Al E A2 kS AZolA HFdolHE #ste] AT o
ZA(0ffset)S AAS AL, 47 Al 2 A2 7HER AsE B AV AXE Ase AFodE P (Low pass
filtering) & &l wol=2E FHislslo] Aol Y RAHS AXA AH(EA 420).

Z}45 =S degreeol A ghr|b(Radian) &2 WEA7]AL 7] Al B A2 7HEE ASSS AarsAA A

(quaternion)?] Z7|#tS At&sla, e gleleo]d ZE(Orientation filter)E &3 A7) AHLS AH&E3)

X &R E AFREHY 7)o A ow AMGE FA T

e

P
na

w=[0 w, o, w.]

w : angular velocity

w, w, w. : 3 axis component of w
=
[554 2]
. 1
(Im.n‘_ (IL\'I.I—/ (Un‘
2
'q,. - variance of quaternion estimated from w at time t

G < eStimated quaternion at time t



[0063]

[0064]

[0065]

[0066]

[0067]

[0068]

[0069]

[0070]

[0071]

[0072]

[0073]

[0074]

[0075]

[0076]

[0077]

[0078]

[0079]
[0080]

[0081]

67“-,: = qc.w. -1 + 'qn',lAr

q.. - estimated quaternion from w at time f
o 8719 F84 4 WA 7% B AT e Axe] HUEE ALg

f(q’ d’ S) = q*®d®q—s

flg, d, sy : function of q, d and s
d : earth frame vector
s : sensor frame vector

9 = g, 9, 95 q.]

q : quaternion
q, : scalar part of quaternion

q> q; q; © scalar part of quaternion
(%314 6]
d = [0 d.\' d\' d:]
d. d, d. : 3 axis component of d
[534] 7]
s = [0 s, s, s.]
s, s, s. : 3 axis component of s

8 A 119 A S Abgte] Al E F A

Q.'+J =

Vg d =)
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Agee oakg =4 e
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{
IVF(g. d. 9|

: variance of f(q, d, s)
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[0082] [53t4) 9]
[0083]
Vflg, d, s) = J(g d)Xf(qg, d, s)

[0084]
J(g, d) : derivative function of f(q, d, s), Jacobian
[0085] [4=3+2] 10]
[0086]
24, 05—g% —g+d (g0, 9,90+ (9,4,—7 900 —s
fg d9=|2d qq—g a0+ 0.5~ D+ (g0, a0 —s
UL (a103+2,20) T8 [304—a 1920 +E {0.5—a2 —a3)—s
[0087] (432 11]
iyl s o s+, —dd gy Had g —ad gy —id gyl gy tee gy
Fa dy= —lag, 12 g, 20 0:—d g tod 4, 26 o t2a 20y 2o\ gy T2 s
C2gea—dd g, 2Wadd g ag, 2 2d g aGs 2 ot ia s
[0088]
[0089] Ogo =z 82 12 YA 1494 A G FE7EE WEHe 7SR AAZEH SHE 7SR F dEHE 52
< diAste] Ao s FAg st
[0090] [43H4] 12]
[0091]
g =[0001]
[0092]
g : gravitational acceleration
[0093] [4=8+4] 13]
[0094]
2(q:94-9:95) -a,
flg a) = |2(9,9:+9:9.) -,
2(0.5-q3-93)-a.
[0095] [432] 14]
[0096]
-2q; 2q, -2q, 2q,
Jq) = | 29, 29, 2q, 2q;
0 -4qg, -4q; 0
[0097] ggoz F3k2 15 YA 165 F3 AMdGe 2akE BA g
[0098] [4=8+4] 15]
[0099]

’ — '
Qesi: = 9o, = P4,
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[0100]

[0101]

[0102]

[0103]

[0104]

[0105]

[0106]

[0107]

[0108]

[0109]

[0110]
[0111]

[0112]

[0113]

SEE36] 10-1647316

'q.., - variance of estimated quaternion at time t
p : constant

(]c\'i.f = qcn‘.;—/ + ’(](\.;_IAT

Jo]4 HE (Orientation filter)E B3+ A7 A4S FAH3I

A5 WASHA "Eoh(eAl 430)

5o 27 e AEERVE F4F 5 A4l H3, st 28 4% B ALS 4L gl v}

719} o] ZkEEel F WES £33 FTole T 169 =W veld adze] 3 Agol sEstE F7H(0ne
Step) & AAsA Art. = 169 Yol sidsls A2 & ®SH 7M&E 2355 9owstal, Thresholdol sldst=
AL FERES JERY, Magnitudeo] dfdsts A2 5 W3k 7R 250 A7]E oujgitt. = 167 ol
g Ao e =&t 3 A 3 U FE dlolHE HEse] 3 A9 dlolHe FE i (Threshold) & A&
st} [whA] 450]
[E 1]
N ZEUT =9 L 7 =<
A Ho== o =ulst T <o o =
1_]1'”Ec>c>‘l‘r — o o = _E_Ej‘g)]‘_ _-li_Ej‘g}]‘_
272 > 0.05~0.06 0.5
=] 7] -4 0.3~0.5 1
A Sebo12] P2 [ 7] 0.05~0.05 05
A= W 212 L8 52 0.05~0.08 05

°P7l«] oA 18 WA 205 S8 F WEE UMERE s ARt 5 Altstar, SRlAMdrift errors
460
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[0114]

[0115]

[0116]

[0117]

[0118]

[0119]

[0120]

[0121]

[0122]

[0123]

[0124]

[0125]

[0126]

[0127]

SE55 10-1647316

v,:velocity at time t

a,, : rotated acceleration

e

U{ = U.‘. tmp ™~ UL drift

v s velocity with drift error at time t

t tmp

v : velocity drift error at time t

& drift

d,: displacement at time t

4R (1320 7] A2 MR AEE 4] SHLNAFU00E B3 ool

2] A2 AT A5 E WAL S olF

A MR 458 AHEse AATEY S5 %
2

7] 2 9 ol¥ANE H45 HE Azl wE g olEANE BAS], AT AT x, v, 2
Fow omy §49L APALAd ek AALFES BHT 5 Ak AT Bol, AWT yRow At
SEw EREE 1

SR 0|57t Wt ol welslE B
o

SALLYFA00)S Sl AEE AALEe] £= 3B olsYE 3A 2 Zstste] = 18 WA

E
g wAjste] R AABEES BT £ Ak,

W, & 189 ¥ ZE AMEAF A
+§EA 22 MATLABS =38 19 3}5}t0] W
LHE:]7} = A 7] A2 7SR AEE BAste] =EH o5 A E MATLABS
A Adeln, ® 209 Yz e AREAE e B SAHE Y] A2 MEE AsE
E=

22 MATLABS 3l 12l 8ste] Lhebd Asbolch,

T 18 WA = 209 el ZES AREARS] who] o]Fd Ayt ofyel g F-atE @171 A
o] AA7A YERE S gk, wEkA, E 189 a#iEZE A /MEEEA7](300)9 o g

B, AdS Sk 2o A4 fAlsiez ﬂ%%% = 741% 27|12 aag
To] A= ATS erke e A9 fAkekE = e 2 dvdE 5 9l
o] mjxel A= HYPor FHo WIS Uo7

& 9.

S
lo
|
iy
[d
|
o
T
o
ey
m& |

£ o
AL
)
s
k1
o\
K3
_ll)lv
O_|_4
i,
2 o
i

A2 7HEE AT E
Hze }%1}7} AetS
23 g =zslste] e

Aste] =EE olE7]

[o

Ayjola, T 199 =1
KR

) HU r>~
i
L

rlr oft
y M
O{N

B AZR1000S A RATE 47 A

5
& 3h Xﬂl T 12 ZHEE AR B AR AEE

EE, ) AEESYT200E we FAEe] 47 BARINE P Al EE
$(132)% 7] AH9% Quaternion) R 7] Az HEE AE9] EWBS o ) @

T Aol BEgk(Threshold) &3k, & Ag 19 & WaH HEE AEE Agdte] &
AEALE Ee] 27, Y], Aver) Er AW W] 5o AABES FA4OR BHY 5

OJ

[o}
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Jhaz o ZtEE Hole £8  fe—410
i
M5 M2l ¥ NFo E5E ~— 420
i
2z|AE ol HE{E EFH
AH®d%=(Quaternion) £X =430
i
Jl&EE AlEel HHiE L —— 440
i
s ZEg P 4 ¢
28 (Threshold) =5 | %0
i
£z ¥ olsAHEl &Y 460
EHi6
ACCELERAT ION
4..
GRAVITY(g) 01

—— ORIGINAL
------- ROTATED
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-------- MAGN | TUDE
—— THRESHOLD

ACCELERATION

44 ONE STEP
A A A
/' \‘ ,” \\“ ’,’ \
. J / \\\ ! 1 ‘\ ) ' r\\\
GRAVITY(g)
4..
0 05 1 1.5 2 25 3
TIME(s)
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