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Abstract

The main propose of this study is to develop a two-axes high precision
motion control platform. The actuators of this platform are permanent magnet iron
core synchronous linear motors (PMLSMSs) respectively. Before exciting two-axes
PMLSM simultaneously, we need to analyze the mathematical model of one-axis
motor system. After that we can design the controller of one-axis motor by the
model of system. In this study, at first we design backstepping sliding model
controller (BSMC), and then using the Lyapuvon stable theorem to complete
adaptive backstepping sliding mode controller (ABSMC). However, to increase
the performance of precision, we introduce two Kkinds of method, (1)
one-dimension cerebellar model articulation neural network controller (1IDCMAC)
(2)disturbance observer, to compensate the disturbances.

Two-axes precision motion control in linear motors are influenced three
major disturbances which are ripple effect, friction, and coupling problem
respectively. Therefore, compensating disturbances which causes by environment
IS necessary in the controller design procedures by non-linear and Lyapunov
stable theorem to increase more precise control performance.

In the application of motion control of precision platform, PMLSM is usually
applied to position or track. In this research we focus on the analysis of control
performance in the dynamic tracking. Even the disturbances exist around
environment, the control performance still enhance by controller design.

The permanent magnet iron core synchronous linear motors of this research
are LMS27(X-axis) ~ LMS13(Y-axis) manufactured by HIWIN company. The
maximum route of the motors are 200mm respectively. The linear scales are

RGH22Y produced by Renishaw company and its resolution is 0.lpm.



Human-machine interface utilizes LabVIEW 2010 Professional Development

System to program code.

Keywords: Permanent magnet iron core synchronous linear motor, High precise
motion control platform, Adaptive back-stepping sliding mode controller
(ABSMC), Cerebellar model articulation neural network controller (CMAC),

Disturbance observer.
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Rlpple effect in 150mmi/sec Rlpple effect in 200mm/sec

— npple effect — rlpple effect

N
n

velocity (100mm/sec)
velocity(100mm/sec)

0.5

H H : H H
0 0.2 0.4 06 0.8 1 1.2 1.4
time(s) time(s)

B 2-15 % i & 150mm/s pFig & & 4R B 2-16 % & & 200mm/s pFiE & & A1

Rlpple effect in 250mm/sec

B rlpple effect

N
n

N

velocity(100mm/sec)
= o

0.5

; i ; ;
0 0.2 0.4 0.6 08 1 1.2
time(s)

B) 2-17 % :# % 250mm/s P erig B o 4]
B 2-13 5 X F:# & 50mm/siy#] ™ & R AR > B 2-14 5 X#haeIFid B
fﬁ,

100mm/s 354 i B 4 ARE] 0 B 2-15 5 X #h X @ B 150mm/s T g i B W &

Bl 2-16 5 X b E & & 200mm/s 4] T ang B o 40 > B 2-17 5 X i@ B

250mMm/s $4)F ik & W e IR 2-13 ¢ (M AT 0UE Tkl s R i A 40
FTRPE ORI - FLEROEERSAIE 0 T AR @
ERIFREAL T H7 MG o R 22132 2-14 ¢ FR o BRI hE W

>

R H T R ERE > B 2-15-2-16~ 2-17 ¢ > "EF I A1E R E

b2 vl T 4R B B ARAR T e -
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Ripple effect in 50mm/sec Ripple effectin 100mm/sec
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I
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. TR N R it —
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3 = i e e 2
£ 06 Hyit-1ilitH- a3/ Btk 1 ik 1l |E
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time(s)
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i@ 200mm/s pEerig B o AR 0 [B) 2-22 L Y dh X iE 250mm/s pEerig B v AR o H ¢
JER) 2-18~2-22 ¥ I Y fhei oo 4 v As X phert o sc e F 4R F
BAE P I G 0 2 Y i IR % DR AR $HAS X Shenph et I % b SR 0]

—H S P A HhARE N EFEPERT MR TR AR BT

AP e P B LR TG P RIS 2 Rl st o

AARE? AP - FERLIBVSCEHIERFRER DS L 4]
PEB?%%E* i~ EFRBEEFIRFOEINGRD XY FAMSELT FRERT D
FHRLZERA) o d ey o P BFEMN BT R
Pl FE AR AR S o AP BRI R Bkt g
AHBA o2 B 2L FPF 2 P Fwm Py 2 RS BRI |

oo
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F2% BHIEEHE R
1 #5245 3&[15]

Fod] A o R Emd] A s AREE ] A VL ARA ] A R
T K LA AIE R o A R B R R L B s
K3tamdnd] s e iz dem g i o 5 AR KK A B 1 4T B 3-1 977 o

B & F S
(Objective) . (Result)
Rl R

B 3-1 5 siid W
He k3% @ PRLPh* U7 ~F RBSY yEA7 0 HEE 2 25847

% eq.(3-1)

y(t)=Plu(t)] (3-2)
He PP EH A RE S BN el ARG G HEAT L g A
AT o P W PVPARGEEFNEE I AR O HLAVTREI T E- kU
PHRu@y =y PRUPSLyj e NTRA8e EF Y S ad P a2 ki
ﬂﬁ%ﬁﬁﬂ@ﬁﬁﬁiﬁiﬁ°
> Ft i ki(Relaxed system)

ESE AN Biddp - 7 7 BEF A B IR kAL Bk TR R A AT
F oo F el o~ NS X eq.(3-2) 0 BT AT 5 R kst B2 R G 2R

"

( o
/‘./La

u(t)=0,t elt,,+o)= y(t)= Plu(t)]=0,t t,,+) (3-2)

Bl ke > H k% @]P.:!Z;-vzr— d % ,f‘fuﬁé:])\ B g o

N~
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> &+ k #(Linear System)
oo 250 eq.(3-D)A 3 0 F & tm@?] I ﬁ%] J13 5% & 4230 eq.(3-3) -
eq.(3-4) » R =& LA kAL K2 Pl ZEAE kLo

P[Clul (t) +CU, (t)] = P[Clul (t)] + P[Czuz (t)]’ C~C, eR (3-3)

Plcu(t)]=cP[u(t)l,ceR (3-4)
H P oeq.(3-3) 1 & Ak g s 2 14 (additivity) 0 eq.(3-4) it & B = 4
(homogenity) o &t & 52 # 8 & 5 £ |+ F (superposition) - # ¥ 7 & # w1

RIS G B t=to R F 5 F 0 73 5 B AP R ST R R K ST

o

e

> % % ¥ (Time-Invariant System)

2t pr

- Al ks A25% 4 eq.(3-1) 0 H R FE R #2374 eq.(3-5) > B
%%H%’F\p%%Jiowaw%HJ%¢¥%%m%\a@aﬁ4wkm
PR R APAER o <304 R I@ o o SL 5 PR ) 5L FIH $30 K S IR it

iﬁ,'l;g’ff’ I;:]"LFE‘?:% '.zu’# ’%;P‘Ht«_%ﬁj_} Z\/ °

y(t — r) = P[u(t — r)], 7>0 (3-5)
>  F]% & %(Causal System)

%m@ﬁﬁﬂﬁﬁﬁﬁﬂmﬁﬁﬁéﬁﬁ»%%%’Wiﬁﬁﬂ%}ﬁvF
20 F AR RS > B3 GRIPL R A B SR NE L B S
F]% % %(noncausal system) o

AR E MG S R RIRMUES i T AN B R Bl ap

& »

MM G S A ABPFREFRT > BERNA FAFERALE 2 RS

NN I NPT PRI TR LR DR AN T SN 2

o

FoRERAME EH R T i L P REPLoips LAFTE T TR R 2 o
B F R ST o B ol B P B A O & AT BT
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3.2 Lyapunov & 2 {4+ 32 35[16,17]

Lyapunov f& #12H H LA 1 B R p >t 5 L 4§ % ridkit -k RE R
T ARRN EREREFER DR A F M R R T TR  o Apt R
RS A ER -
- BAMA E LA T equ(3-6)51T o
x=f(t,x) . vt=0 (3-6)

WAt hghz Tk AT WF 3 - Lyapunov & B Vo - A B § )

3 %95 F 4e eq.(3-7) 417

V(t,x)<0 » Vt>0 » Vxe By (3-7)
Alac Fsg s Sk fe 2 3 F 0 F 82 - S fleA ] % 0 deeq.(3-8)#7T

V(t,x)<0 » Vt>0 » VX e B, (3-8)

P A0 FE e % S R € B IRAR R AT 0 - A ] T E A2V 0 T

#2.3% eq.(3-9)#1m
Vit,x)<—2N(x) » V>0 > >0 (3-9)

PUFC R e S oA Befe atli®) > B Py S R A

Barbalat 3172 3 & * r2 %7 Lyapunov & #cen— =t ics 2 ot Ebre 4
THCRT o § AT AL - AT EN R A H - s YRR R

ot p¥ P Barbalat 31T R & ¥ 2 M H £F 55 K o do% ()5 T A T AP
BotocofE s f i 2 f(t)- 205 Aot Bl (1) >0 tooe & ()5 dE
Sl PSSR B F()E G R R BEFF()LE L - 202 B F S F ()

AT SR FASECERTE % v
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33 LR BR V- S R R ER
i P ok 4] & (Adaptive backstepping sliding mode controller) & A 7=
FAFFIE o R L LR T et ez #or[19] 0 A asmE S E
gl e E 3 AR B RO R FI R EE o T
PERRS Al R E PR BOIERE o F R T G TR AT 2
SR o KA IR RCEA Y o BEARE G IR T RN s R hre § FRT WAL
MATR B M2 3 BILF A E 0~ o S BT L5 2 F R 2 A e
PoECH R g g g2 2 50 5 e 0 R0k 12 4 (Sliding layer) 2 B3 51 i
Brr i A frdilic MRERIRE o F BRI B AR P i A E S E A
¢ b AV 2 F RO PR AR F eI B o F L AT P 2 A BRI
2ETAAT RN RE UEFH B s o BF B A B

i G R B2 e -

FARYERES L AT haled oo~ B~ L E
2B T S PIRAEE 2R 5 eq.(2-20)# #x 5 eq.(3-10)

X, =X,
= (A, +AA) X, + (B, +AB)u+C,_ (F_ +F i + Frgion) (3-10)

Y =X,
B REX S HEH M Xo s MESE et 3@ & ~u 5 LA~ &4

g @ Ap=-BIM > B,=K(/M > Cp=-1M % 4 & s 387 e B F 4B o se 2 5t

\*?{r

#e(nominal system) ; @ A4 ~AB 3 S8R B IE o FL 5 3R 2 £ 8~ Frppe » 8
/Pi ’:}@z\ w7 I:flctlon I @ o % —r?‘ fi%ﬁ' q (3 10) * eq (3 11)

X1=X2
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X,=A X, +B u+f (3-11)

foo @ i i dl B o B4R g oE T R o f ik pr(on-line) i kAt fF o

Stepl: T & Wi £ 214 eq.(3-12) 0 b 3T H e 4req.(3-13) ¥ T A - T

S #c aq 4 eq.(3-14) > & Lyapunov functionl 4 eq.(3-15) » 4 B % 7 40T

z, =X, - X, (3-12)

2, =X, - X, (3-13)

a, =C,2, (3-14)

V)= LY (3-15)
2

90 B AN PN E ¥ LK S BRI 2 4o q(316) 4T » REFH

Lyapunov functionl i 4 #-eq.(3-12)~(3-14) ~ (3-16)# » (3-15)#& & % eq.(3-17)

Z,=X,— X, +ay (3-16)
vl = Zl(xz - Xd ): Zl(zz _0‘1): 2,2, _Clzl2 (3-17)
Step2: %} eq.(3-16)- =X pics > I & eq.(3-11) 5 eq.(3-18)

2,=X,— X, +ca, =A X, +B u+f-X,+q, (3-18)

Bt Bk 4R Re|f|< f ., & F & (bounded) - ¥ < & Lyapunov function2 £ if #

#c S & wl4r eq.(3-19) ~ (3-20) 77

V, =V, +%32 (3-19)
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S=k,z, +2, (3-20)
B k ZERFE EFH eq(3-19) 44 ¥ ¥ eq.(3-17) ~ (3-18) E & ¥ 18 T
eq.(3-21)
V, =V, +SS
=2,2,-¢,2,° +S(k;z, + 2,) (3-21)
=2,7,-C2,° + S[kl(z2 —c,7))+ An(z2 + X - )+Bu+f—X, +0':1]
Hd eq.(3-2)d > AT XA E A~ U S eq.(3-22)
u=B, "k (z,-c,z,)~ A, (2, + Xy =)~ Frpe SIN(S) + X — iy — (S + Bsan(S))]
(3-22)
Ho hof i A Fenn oo BT eq.(3-22)F v eq.(3-21)F @ F| eq.(3-23)4rT
7T 0 eq.(3-24) & 4B 4 7 A 5%
V, =—¢,2," +2,z, ~hS* —hp|S|+ 1S — f |9
<—c,2,” +2,2, ~hS? —hgIS|+|S|( f| - f 1) (3-23)

<—2,° +2,2, -hS* —hp|S]

V, <-2'Qz-hp[S] (3-24)
2, ¢, +hk,’ hkl—1

e 2= T1.Q= 2150 wx HfpEL A AT - RS
Zy k=2

B w(t)4e eq.(3-25) #7or I ¥+ H F# A e eq.(3-26) #1 7
w(t) = 2" QZ + S| < -V, (z,(t), 2, (1)) 325

J; w(z)dz <V,(z,(0),2,(0)) -V, (z,(t), 2, (1)) (3-26)

d eq.(3-25) ~ (3-26)% ¥ 4w > § Vao(2:(0),22(0) 5 7 A 0 & Vo(zu() () F 5 7 A =
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LEH Sl T BEE W) R F R Sl 0 4o eq.(3-27)%1

lim [ w(t)dz < oo (3-27)

t—o0 J0
Foprd Stwt) 5 7 % S8k wt) 533 i3 4§ Sk > 1945 Barbalat lemma 3152 > ¥
Ffv_ e W(t) d:ﬁi%“}{ﬂé’:}m /f'rzL T %5 & "‘ o 4o €q. (3 28)”1’"[‘

limw(t) =0 (3-28)

t—w

B P EER > tooco FARERE 2~ B eI R o KIS

# F8 R A E(BSMO) = 3 % % 30 i dede » = (L BIT 1 G R ST 4f

2 B fef I 2 g ot ke o

Step 3: #_3& Lyapunov function3 4- eq.(3-29) #11

V, =V, L (3-29)
2y

~

v f:f—f ’ fr-*/:“ “'—"1% u‘f‘fﬁ s B B o fﬁ,:“ ml%m‘f‘?\ﬁg‘im ’ '7/,“»

et

<R it B0 B F H-eq.(3-29)- X pes T E £ eq.(3-21)

V=V, —1Fxf
Y

V,=2,2,-¢,2,° +S[k,(z, —-¢,2,) + A (2, + X, —at)) + B u+ f = X, +o‘cl]—1 fxf
v

V, = 2,2, ~C,2,2 +S[k, (2, —€,2,) + A (2, + X, —a,)+B.u+ f =X, +é,]-L F(f =58)
y

(3-30)
% 6 eq.(3-30)5% » 7 #H FE I Wi 4 B2~ e0.(3-22) 12 #¢ & eq.(3-31)

=B_ [k, (z,-¢,z)— A (z,+ X, —a)— f + X, —c, —h(S+Bsan(S))]  (3-31)

Ao =98 gt #eq(3-31)%F » eq.(3-30)x &L 5 eq.(3-32)
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V, =—,2," +2,2, —hS* —-hp$|
=7'Qz-hg|S| (3-32)
=-w(t) <0

B9 ST mEQ AR Lkl F4 Qik L eq (333

) 1) 1
[Qf= (e, +hk,") —| hk, -2 :h(cl+k1)—z>0 (3-33)
WP BRI R R e AR Y o AR R RN e
FHCE R BL Y s N e BIRMRME 2 B P B TR R SR

2 F ¢ Emmp o

- BRI K
P REREAA SRt e G AT SRk 0 B R oA~ B E O - B
FRER PN @ NG R Y o] Pe R SRR B R O
g7 W+ 1969 # o F & Marr 25 F F 877 4k 0] Y L 2 1 407 (Cerebdlar
Cortex) » H ¥ p T A=K d pahaml i ok wme kg ~ Rk -
Tl g 2 KRG MR AT A L o @ 2 1975 & B J.S.Albus ik gt 2 0
W B RS B o ] PR AR X Tl o ¥ Rt 3 (DAF R
WP ﬁﬂw,éﬁﬁxﬁﬁmiﬂﬁwﬁ,ﬁwz%g?ﬁﬁﬁ’%?éﬂﬁ
Blehrcd o (2) 5 sl F AT ]k sehli o~ g T AR R Y mﬁi%]

» & El *%‘Ei ’ 'I"{jiiljgjﬁj :ﬂ ‘ /J ""‘m;lu_ H‘R%IL ’ g—F:\.&l—l/‘ "L‘ﬁv

Alse-

c"”
-~
w
N
3
—4h
k]

AEHIF 7 B PR G L A IR S & 5 R ARl R 0 4ol 3-2
SR e @ AR P A R o] iy B A RE T Rl P
JOEHA R ERE AL AR E T AL - B SRR EE .

BAFT Y TR h L - M 3] N s e TR p H AR FE R o
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™~

u_cmac
o]~ B A A
xd + u Xp
— E P45 + SIE AR M >
€ u c

W 3-2 R e dlin 4] Bk 5 B

> - A R A EA SR R

DR HEAIR B AT A S RRIRE AR F A AR 2 m R & A2
A A (et z B (Memory) ~ (2)p 245£ 'L (Mapping Matrix) » 3% ¥ #-4
- FEPR 2 HE AR o AP Rk R BT A P T ARG~ g
e e R R R T A RB R TR RE R T
FIEYFL AL RE T v R EIZmREZEY - FHIAET 4of]

(3-3)#57 o

Memory
Nunber

Mapping
Matrix

>

FriiH
ERE e— J— y

BEE

_Fg] 3'3 ’J " iﬁ?q-r = -\IH %Em
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FEHRAR

e

A

e

............................................................................

..............................................................................

______________________________________________________________________________

---------------------------------------------------------------------------------

-----------------------------------------------------------------------------------

_____________________________________________________________________________

...............................................................................

---------------------------------------------------------------------------------

___________________________________________________________________________

----------------------------------------------------------------------------

]

B 3-4 - &) " ‘f’f;“]ﬁ%] NS I A RS

BEFRF - b F REPREL D@L RF AR g - Bk ¥ B uioF 34
SR WY UG BAREA S S Ul @ ANBYCCDE~F-G
HyT~J-K Lt Z&zeRME Aoy - DEEOEEel on Ait|iEe » - F
fo s B RT3 BB dru i EE ASB-CeRII=E > U ¥
BIB-C-Dicjpfit » uptipds - oot s Fdcp & 7f &% & _eq.(3-34)

Memory _size=Ne+ NE -1 (3-34)

A7 Ne s - BB EL e RWEP NE & fy » i & Rl 5] 7 NE=10

Ne=3: % » eq.(3-34) » ¥ ¥ %

] 10+43-1=12 - F]pt A |4 ¢ Z & 12 B i ¥ chisjitl

=7

SR el - R ATH R R R T L hA T A AR RPE T L

» ¥z = - i 3 aErE (mapping matrix) C 4r & 3-1
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# 3-1 ®EL C

A EE ~
s us uo us Uy Us Ue u- Usg Ug U1o
A 110 0] O o] o0]0 0] 0O
B 1 1 00 o,0 00|00
C 1 1 1 0 oj]0]0 0] 0O
D 0 1 1 1 o, 0,00 0]|0O0
E 00 1 1 1100} 0}| 0] O
F 0] O 0 1 1 1 O] 0] 0| O
G 00 00 1 1 1 101]0]O0
H 0] O 0] O 0 1 1 1100
I 00 00 00 1 1 1 0
J 0] O 0] O O] 010 1 1 1
K 0] O 0] O o] 0] 0O 1 1
00 00 o, 0000 1

@t q—'——;q]

Bl I 2 0 Y T Y eq.(3-35) % 7 0 M3 4L C SREHR L 1 R G R e
hiFe kP BME T
. NE
Y =Ci xw =2 Cw, o
i=1

AP % - ZF B R E WatWetWe

yi=[1 1 1 - 0]x|w. |=WatWg+Wc (3-36)
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iR A @ vEanw 8 5 eq.(3-37)

Ty
1 Wi )

. . ; 0) a
W-(I) =Wj_1(l) +AW-_1(I) , AWj—l :N—Cj_]_(yj_l_c (3-37)

e
He swyikizRieE o §Y &(Linear Rate) » # @ & 0-2 2 F > pl
R et Alim 2 A geac o Fpd MR Bw IR F o B2 EnE o P
PR B R - BB Y 1T TR TS o

-

m

G AT E R P E T VB A S BRI o T A AT Y o uh

ARG P 5 51 % [6]¢ Ardk 41 e L AL ] @52 N de eq.(3-38) 0 F)0)

F_*

» D(X) -
0) (i) (i) i a i
W, | —Wj-1I +AW; 1I ’ ij_l() :N_Cj—lD(X)(yj—l_Cj—lTWJ—l()) (3-38)
0 ifjx<d,
D(x)={x—d, if>d,
x+d, ifx <—d

He DX) G- % do s »Hend b 8 o

3.5 + 3 %z B B (Disturbance Obsever)[20]

FEGRIEL GG E A ) SR 35 T B RIEGE
SR EBA R EREY  AAFLY B3 E ABSMC B &
BRI BUEIEER P2 ek BEA B2 3040 5w 5 (1A 24 B9 g g

frQFEGERB-m ad | &? » BeFHHEPNE o
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»| Fis) -

+

o]

B 3-5 3 i3 i8] B = B

BRI35¢ d i g EFE o PE)L & A Sl > Py(s) S nominal plant > d 5 =+
%lp/? IE' ’Q(S);\'R”?I}élﬁ»e’g ’ ( ‘j{_l_ %%{l% L%‘Q(S)'E}*r/&:& 1”’}
W p o F Q)=1p » Ve ksl # S#kc 3 eq.(3-39)

A 4 P, 1
5=d:(1—F)u+E§'+d (3-39)

d eq.(3-39)58 ¥ FAHR > § P=P B R R Ed § R EanT R d @it

BRgEA caF PAENP M THGRIEIT R FEF T de Rl

Mo FehRe 70 ka7 FETMHANE 2R ﬁ%%ﬁﬁq%i%&o @ _J.«{Léf,’.

X:Pw—d+d)=au—g (3-40)
FOE)=lrE > *REREFLFEME S Lok ¥ UPGS)TX 3 - BE A
7 T2 3 Fe(proper rational function) » £ § B AR cHE BIIUEL 38~k ApE > B
A2 BRI ik o FIR R e r - Mgk B Q(S) R *in%‘i%%i),ﬁ“,f o MY

» Q(S)# 3k 3t 5 eq.(3-41)

Q(s)= — 220 730 (3-41)
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TI* A EREFECRE - 7 RFR A W AT oW 3-6 477

o

d
xd e u & H v Xp
—»@-» ABSMC P(s) o 15 >
) -_)?(; 1/Pn(s)
o) & d
36 3 il ERe T HEnE
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Frd RRRA
AATEY MM R RB S SRR A w4 B N AR
H PIRAALS E SRl B R SRR TR 2 446 A2 g
FEREF s ok A BB 4-1 T

x v iq Xp
Controller s| /A L—s| Amplifier Plant 5
Measurement i
[ e—— & o
Transformation ' AD € Sensor <

w41 ¢ o Bw R INA T AT i NI EL(X) B TR L A R
AR F g qe o TR 64 B ST T (DAQ) & &/ Hdic
B LA B 0 A (SR ik B(D/A)T KT R TR E vriE
gt 4 B(Amplifier) > Bt B BB BRI REH A - T arRE 5
Eardlen P B atA I A RS % RE A, b T SUE G B R (Xp)
SR TG I AR ¢ (DAQ) E A T4 UM B (AD) AT =¥
Bl s BimmE o RSP ML 2 S B R NEDFEW O RESR D

i o PR d] o BT RBR- AR AFT P TR Y 2 RBGHRIEE I o

41 BB BB T £ WS
Rt A MR T £ f 2 B RAeR 429 o B9 ad X i R

# WIRSES & (LMS27) » b. 5 Y dbdhos 5% o PR AR S 2 (LMS13) ¢ 5 B %
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ST d AR TN AR T AR TR EARL A S IRE IR
BHEHEZ TR 2 LA TRYT  SEHEFER AR TR R A T

PRl R ex: Bk B~ dad £F o

Bl 4-2 4fc XS PIRE T 5 B

N
o
ﬂ

PORETE O A A PR AR
BT 2 Sl L b B e 17 XhE TRhAR Y Phi il

R B {5 P B2 % o

ARG RYK K 4oB 4-3 AT e
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424 N AREER S PIRARME E

HoR AR FIRANEE LAY AL L BRFEY 0 Y-
FACLES ORI E R S 23 PR BRSSO E RS gL
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RMSE 4.0238mm 4.2277mm 4.1404mm
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