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Abstract

MEMS (Micro-electromechanical Systems) inertial measurement unit has
advantage of small size, wide measurement range and high reliability. At present, it has
been widely used in automotive electronic, precision instrument, aviation and space
technologies, etc. However, with the low accuracy, large noise, sensitive to the external
environment, such as temperature and press, it must be taken the necessary measures to
improve accuracy. On the one hand, the performance of the chip signal processing circuit
and electromagnetic shielding characteristic can be improved from the manufacturing
process to optimize the mechanical design; on the other hand, the output error can be
reduced by adopting error compensation technology.

Taking the MEMS IMU produced by DJI as the research object, its error analysis,
modeling and automated calibration compensation are studied in detail. Firstly, this paper
briefly introduces the application of IMU in strapdown inertial navigation system. And
the influence of the IMU performance on strapdown inertial navigation system precision
is analyzed. Secondly, from the mechanical structure and mechanical principle of IMU
has carried on the analysis to accelerometers and gyroscopes measuring principle, points
out the cause of the error, and gives the mathematical models of the major error. Finally,
the paper expounds how to realize the automation of IMU error compensation process.

This article, which has analyzed the character of IMU temperature drift, proposes
the small cycles method. By this way and the design of the 45<tilting rotary table, the
system can collect accelerometer and gyroscope data at the same time. For three-axis
accelerometer and gyro nonorthogonality error, the error matrix method is introduced for
calibration. In addition, the temperature drifts error of polynomial fitting methods used
for model parameter identification. The CAN bus is employed as information exchanging
channel between host computer and IMU, and self-defined protocol is used for
communication. In the PC side, the labview software is used to acquisition, processing
and display the data and control of the program to realize the operation of the automated
calibration system.

Keywords: MEMS sensor; temperature drift compensation; non-orthogonal error; error
model; automated calibration
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TN IR R TR RS BE S 1 ), B AN IR B A DR 2 AN AR, i HL R
2 Fe B W T 2y LIRS 70 o BEPE AR AR (1) 207 1R 2210 2 B2 S PR G R 25 5 ), — 264
L I BN LS AT A M

(2) ZI LR 158 2200

PR EZME b B v S I L RO ik 1, (HSEBRDSUAIRE . RS
ERE)IONGEN 37 S P C R R N TS A& NI

bias errJ .

X-Ei:‘»’ef%i
K 3-4 ISR AR R A R

(3) =B A IEAT IR 2= 10

Y55 R R, B b R A = AN % AR ) A AR AR R S
(1, R g ZOE IR AT AR R o (B NS F =Hli iR o B v R PE BRSOk B, 1
Hlig T2, 2RTZEEN, A= EA RS, Fiba A EAZR
ZW. W 3-5 fn, BCRZIRHERUE R — DANEAC A b, L AR bR e, A7
HIEA AR,

-12 -



LS A BN A e I 2 1 Bd (VA 10

3-5 HiANIEAT IR

% MEMS =4I it MMAT331L =M Emanha,, 4,
a,, BAEU R e, a,, a,, HENGE S AL 2 R ] R Ry
MAb, by, bysos s, s, BB EEIAERZ RS M, 0 =Alhn i
BRARE 5 SR I T P G 2R W] AR

a, 1/s, O 0 |a,-b,
a, |=M| 0 1/s, 0 |a,-b, (3-2)
a, 0 0 1/s,|la,—hb,

WERSEATEE M XTI LRI, SRR N =l e AT, U I 1 b
INESI/AS:N

a;+a;+a; =9’ (3-3)
BT o B FEARME FH SZPa il S RN, AT
(Sx ) (é‘x o bx))2 + (Sy ’ (éy - by))2 + (Sz ) (é‘z - bz ))2 = g2 (3-4)

Horp, g WO g A . A8A, = Jlofn e FEE Pl e R 2 gl T LA 7S O 2 3K

& = Z{Sjj '(Aj.i - B; )]2 }_ 9° (3-5)

j=x,y,z

Ai=(E, &, &)—— MR AL R (g)s

3.2.2 PeiR IR EFEEY
TEBLARIG UL R, RO A5 K 51 %l 1 v A 5 0 R 0 3 e S 52 A3 50 o W R
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LrpEY, Rl T LERESERGSHARNTR, ZMAELR, MBomAat
AJRENER, IERLT O . VAR Y . G AR T R Sl i) A8 SRR, AT 2
HOUERZE . A, ANFUREE . FES) . RN R T A A 2 i 2 A A TR B N B
IR R ZE o AR, K MEMS =l SERR 2 A 45 22 TR AR Js BRI v an

(1) WSEARRZE . UL AR, 23 B8 IR N 30 45 R il /N A2 T R D
H B SR R 25, P AR A Y R 2

(2) B E AR R ZE o 2 H T HEZL S5 1 BE R AR 2 5l 0=-90 Ty i F v
YR 27 ) I TE BEAE FH T = A IR B8 7K 3l R AN P18 1 A BT 38

(3) =hedemAEmiRZE, TR UF PRl B R i = HEBERRAL K I fige, 72 T
2 EANTATRER BB A IEAL, LA EUNIEAT R AR AL

(4) b A8 XURRZE, ST tH T8 )W) B2 B A 5 AR ARl b AR 1) A
By R, A A R,

(5) MiiREaIRZ, A ARBNE SR I 3 B0 A I 21 B At s ) 8
Ko MR ZEn] LA MM e i 40, nr U i a7 5 (0~ i R BAVH B

BRubz A, ASFE R B BE R mT Be o A RIS 1R 22270 . — edl O
s BRIRA Al () A RS 2 ] LIS AN T . ZEANRE T H Analog Device
AT Z HlBEIR ADXRS610 21 Fl 1) — il e MR 21 FE AR R ZE AR T

o, 1/s, O 0 | @, —b,
o,|=M| 0 1/s, 0 |&, —b, (3-6)
o, 0 0 1/s,| @, —b,
o || @, a,
o, |=| o, |-H|a, (3-7)
@, | o, a,

Hb, o NFeiREH EAE, o NFEMBRACIEAE, b s 20 5 A BEREASCh H 2= A
BB SWEIE T, M, H 5350k =8N IE AT 15 2 50 R 5 03 i 6o g R 52 Wi 425 2 4
8

W E MEMS [ei2, AR iRz, K 3-6 & ADXRS610 [piZ
NS RPN IR, WTELEH, ETERKZN, BN 2 RS
PR R

-14 -



W13 I Ay =3l B 3 T = 2 DA
Frid Uo ‘ v
Uge +5v
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..................... 1 /
AI/A G —+0.25V

GND ov
K 3-6 [Ei2 ADXRS610 % AN - %

T34k, B G FEIRAFE R AR, gl A S R, BT
ik AR

3.3 RE/NGE

AFER PN, 2050%F MEMS (EEPEDN & 5 e R nade BE v BERR G i B
LTSGR FEMT o, IR R E VR R ZE, AL TR . i, b AE
SBR[ SRR R, SERGRZERIAME T U], SR T IMU RE
H BIAME I FEA I
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HY, R A 55 2 B ] e vl B KA 5 HE A Rk A7 8 TR R 22 DL R AT A 2803 58
&ﬁe%ﬁ‘]ﬁ%ﬁﬁ%ﬁﬁ@%l\%o TR MEMS B IMU B a2 7 A i 22
RS« LA DR B 2 B e B 22 S A LA VR A A

4.1 RFRIAR

FSES IMU J5URAS SRS IR ZEITHE AR ZZ A, B S
RT3, WORHMRIRES A ROR 2200, B3 o 5. it , X IMU
PO A%, SR U A2 A 0 X 5 6 A 4 U 3 ] (-20 =80 )] it JE2 v MTRE R A% 3t
Irlstadicn ke . RmldRZESE, WHEII IMU SCHRE IR 22 Sl E R ZE B
MBS XT IMU GRS —AANEAS R 2%, KK X 3T B . A
RYGKH—6 PC HLHATEN, F2LL CAN RS R Zd AT 5 1AL S i 2
il A . ROHE R ST R R ] 4-1 B

iPC LS8 BB R . &b

L SR RSB,
A ROEIETS
Ryl PC Hl H AR HIE H ey ]
RS232 +IR B4
--------------- Pk
'/MTH*Q/M)XLLH;: :%fﬂz‘/mﬁ:i‘élﬂf[ﬁ*“:
'Ol PC o 7Hi A - KFEHEES
'20 EE R R 7 A Ui e S
D¥dE bl 400HZ & | o c K L IR
A IMU BZ5E CAN i [ 2 eeeees =) 'ﬁﬁCNuﬁ%%.
125 A2 F] PC L |2 z 2 i PC Xj‘kﬁifJLﬂ’J}““'
S 4 |

K 4-1 IKRERGT-SHEE
SEHL IMU 5y 8OREHE BT 228 2 (1) H A
(1) FUEFEIZAL(Gyro) ¥ bias #i Al scale i %
(2) FUEIE FZ T (Acc) ) bias M2 AN scale iiiZE
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(3) DN v B BB AL bR 2R 1Y misalignment 5% 2515 1F
(4) Wy G EE W
(5) K4 5 4l

42 lEEHTER

421 R ENRFEE

ST TR B U RS L P 2R O i LB S A 20 £
B, FEB AL S I P e Ve . K ML W e AT R IR P
SBUARLIEE M -20 %) BOIEH . 1Tl 5V M ok MR T 5 LA i 2 206
ok, ARRIERAE IMU BB B AL 5k P4 i . 4598
Gl WP 42 B R T LUM AL Iy 1o FIE ELARSE Ty 1 OB 1
Ao B X A R, BHLTE U R R B DL,
RS HUEEE . BECRR P OE . IMU S 308 At P L2
FI—He AMR ARSI 0 B0 ORI B, AR MEAT 7 [ e, 1By CAN A4
Yo AT, HEPBEET CAN %k, BAWUEIE CAN HRIEH I 5 kikE]
ST

« X
ol

£
Yl

G AT S I L Y S =i L]

&l 4-2 ARG s R

M T RSN IRRE R R iR 22, I A R RERSAE W R B, fER Tk
B AR UK 4-3 TR

BRI 30° | THELF] 80° = Bl 31-20° ) THi 3] 30°
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422 REFZIREMNRES

IMU (AN IEAT DR 22 A2 i g 5 B 5 =l AN TR AT M BRSO 3 T 2ok i
BEIERZE, sl AUEE N EOVR 2S5 BB bR R, I HBEWAE = A
JEWNEeS o Slf MR R =4 &, WK 4-4 Pios. BEWSLL IMU FE=AJ5
[i) 53 53l e 0 D0 e e A 3 T AT R A

Bl 4-4 —Hhe o s

T HURERE 5 A R T [ v s s R ORGSO e B ) =l e
il TP ARM BRCSEIL, il AL EAS 5L CAN REZ e, A
A2 %5 Labview RGHEHIRE T 7K RAEBIHR 7K 56 Lo

ARV S BRSOV R K S 5 A IMU R
B HERAB =G Wil 4-5 Pron. BRimsd S =i 6450 —F, m=
Sy DEEG AR RN PRSGU NN 2k 700
IMU 25648 = e

\\\\\‘ |/

EELI

Kl 4-5 KP4 G REE
4.3 IMU iR ZE B H#R
4.3.1 RiFR RS
KA MU A 03 v+ A BE R B (1) 22 4k 7 A2 (1) bias # scale V545, I LA
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I ZRE TR T2 i 3
B IMU TR IR ER S A K MY bias 875, AR5 5 LUAZE & A R S8 />l
I Bl SR 7 0l SR HY scale TR 75 . ASTETE rh 2% 18 S R AR A Ik B2 1A B i
BORUE R AR H 2202 AR R, B DRI 7/ I A 007 30, ok e vt
IMU 5 LB AL B R A, SRR R T ASHE ) R 3T o R A o s R

AR 4-6 P

( N\

k2B |
KA Hn [

v

Z ez 2 [l
R B H

v
S
!

X 5y 2
RERFE Mt

K] 4-6 kAR R HE A R AR Wi RE

4.3.1.1 fNERE T

R IR B AR L B G B I, RS s B OG, dg B

— PRI R, SN T Z A AR N, Z Bl O e, T

XY i e Be BN IESR g, Wi 4-7 Fron. FHa’ 3o i B v it
(B, a oI vk () BAR AR 5K

a’ =a=scale+bias (4-1)

WRHE T — N A KME a,, M/ DMEa,,, WANE, #trl LAk
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I ZRE TR T2 i 3
thi scale {H A1 bias {H. {HA2&, ¥ REHSAAAEA MO > &, Prila i %5iE
A T U T AT AN 2% & [ I3 S8 P R 1T 18
(1) AN R [ L I i

a’ _=a_. *scale+bias
{ max max + (4_2)

’
a‘min

=a,,, *scale+bias

Horbra,, Ma, 70 A E BARRIRAS B I aa N g i 1) e R AE A /ML TH50m) 40

! !

scale= Jmex ~ 8mn (4-3)
amax - amin
bias — Aoy T Apin — scz;le* (Aax + Qi) (4-4)
I R TR T A,
A = 0% cos(%) (4-5)
o = (~9) *C0S() (4-6)
Horr, g BOCYSE Iy 8. AT w] e,
scale= M (4-7)
2Q * cos(z)
bias = S+ Anin (4-8)
2
(2) IS INIESE, Bl IR N A, WA
A =0 % cos(%) +1 (4-9)
i, = (—0g)* cos(%) + A (4-10)
EEEIEIECR
scale= w (4-11)
2Q * cos(z)
bias = @—i*scale (4-12)

A B AT O, 0 g inad xS bias 77 AR 520, X scale 520 AT LARIH o
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Accigd Max-Value+

\/

Min-Value+

Bl 4-7 nid 5 A s R

4.3.1.2 FERZ{L

SHREREAY, FIFEA AT o = scalex o+ bias i 7 . TR Ay BE 2 ft Vi V22wt 2 A5 i
JEARAR ISR, FRBRIES B A& . LA, FEERIY bias tH/NEIHA 2 1
Fr bR I . it o = 0, Frl B LA

bias= @/, (4-13)

M BEERA scale RJ LA Ik BE 3 a0 A\ A 1805 {E S5 it A 0 5 AT B AR R
TEMEBT B, IMU 1 = PR RRIR AR L LA Z Bl 7 1n) 22287 IMU RSHESC B, BrbL, 7E
VN TEZYER K oA )R =3 N T DR = F g Yok s s i (12 E I TR W] R g = =
scale &

1
Wpy —b

scale= (4-14)

PN

b o, AN, b AL bias #IE AL -1 bias 715
432 RERIRETE
4.3.2.1 INRET

1T AN TE AT R 22 I A HE 7 B RO R B =Bl KB &, (BB S AN 5 5K
BL, BT LAAE AT SC AP SR S5 (1 AR E K 3 G R =il & o I N b e
IMU A7 BT A BP0 G e Sl BORSE B IMU ANIEAZ B 22 (B R Ak . X
ARG EIRIRE R ZERHE R b, SR IRAME DTV, SR i v
IR EEAT 728 MRS BB 1E, AR5 PR N L B R AR N B VT E A A
N A, AEPARNE OUT 0o RE v kR R AR A TR N %N +1g
oiH-1g, HE T TAAAE R R AN IE AT AR METS B ML BARE, BT EL, MRS BE B st nT LA
BEAT NI LT AN IEAT IR 2B IE
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I SR MR 27 T2 20 18 ST
SR AR A P R A S e FE 5 AR PR 2 AT M o K B TR RS 5 |
B R ZE I 2 Bt O AEIRSARRCHES IMU (3 AT AR AE et 22, DR IR
R T2 1 TP AFAE — 8 [ e i 22 LA R B g R iR 22, R IR 22 Il o e
iRz 5 e ZE0R 2, ATLAR RN bias2 A1 scale2. 75N f& i) Lo i 15 (1) 54 1
T, ATLUHI R AR

scale2 =(a) —a’)/(29) (4-15)

bias2=(a) +a’)/2 (4-16)

T T 2 FOOAETK T 5 0 s v () 22 256 15 72 AT IS iy FF ] S8 2 400

RUE— U, DA A A R A0 0 I v T SRR 22 2B R 7 A AR A A v

o

X Al AR I BE SR, A P43 SRS AN TRTREAT I R R R T 2R R

MR g5 A, A RAT I Bt =R, RS Rl L I = AN [R]
B, FERARSOLN, R KP4 & Eolnade B vt Rt RT ARSI Gn R

g 0 0 100
G=|0 g O|=gl0 1 0 (4-17)
0 0 g 001
PP R 22, SERr B AR FEAN T BEIE 2 SR B, v REE:
1.0135  00.127 0.0084
B=g|-00189 1.0121 0.0045 (4-18)
0.0149 -0.0007 1.0064

ATDUE Y, SERR s 5 BRI EER A e I 22, SRR M2k BEA 1 3K
WA ZEIRME 1, W FOEIRWAREA N2, XL KA 2R 7
FAAE o DRI =S A IE A8 AT 4G 70 2 I rh ANl K B RIS, 0984 5 A — AN il
ANEAEE 7 b, Bl ok S R 2 . FL = ANl 2 i) A7 7R A LR
Mo AR, 25 8 2l ) A8 SR LU /N BT ATE G 28 AN T

DRI, s FE T E e iR e, T DL Rk AR . W —ANHERE M, AT
G=MB N1 :

M =GB™=|-0.00201 0.9972 0.0023

0.0023  0.0008 0.9897
MR B B Ay o v 1 2 2 R 25
4.3.2.2 Peig L

(4-19)

0.9986 —0.0034 0.0041]
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I ZRE TR T2 i 3
X RERR AR HE, 1 T RERR AL S R A A R, AN S I S
¢, Prulon] DU A BT AR i LIS B AL RS . BIAnK: IMU 72K & 1
SRS — e A, Bl 5 18, AEREAT B R A (0 [ ek HeREAT A 3 5 1
B al A RIS AIRZ o R IMU 23 535 BERR V) =N BE A2 & B3 5 18,
= Th 1) B R A EE AR O3 ) A AL RS R DL ANERE I S R AT O = Al B R
th, FE—FIFRoR— T, UIARS B0 N 24 T R

[0 0 O 100
C=| 0 10z 0 |[=107/0 1 o] (4-20)
|0 0 107 001
HEA A Zden 72, AR A pE, AR
[64.3986 —0.034 0.141
B=|-0201 647262 0.023 (4-21)
| 02379 0.8250 64.1897}
WALE—NHFEM
Xi1 X X3
M—{x21 X5, XB] (4-22)
X31 X3 Xg3
fffFCc=MB,
107 0 07 [x, X, X,|[643986 -0034 0.141
0 107 0 |=[x, X, x23]{0.201 64.7262  0.023 (4-23)
0 0 107| |Xy, Xy Xg| 02379 0.8250 64.1897

KA AREE, i ER R R, RESEEE B Rk 3, Rl f
ik B, ATRRHAEEM,

M =CB™"=|-00117 09841 0.0023

00231 0107  0.9851
o, MR B A BERR ) 222 1R 22 R

4.3.3 i EHIELIE

P28 A LS Bl — AN Bl & I B RN 2 )5, ARG e I v
ABEIRA =08 X, Y, Z DR MR A7 A Rk o (HIRIN (10 Kbl e LR
K, FINAFAERRER R ZE . R gEIIRESS . Pril, 5 280 2t 47 A 2
K, 1RV AT R B . A&l 4-8 P i B L I R AN B R A 4
&R A A .

(4-24)

0.9754 -0.0135 0.0214}
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0.95- | | |
@ S LR T T . —
~ 0.975 1
o
(0]
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=
0. 965 - /
-10 0 10 z0 a0 40 50 B0 T0
Temp (12
C)IIESE vt scale it
P T By
F
A —0.15
'J:Il
]
a
[ -0.2
h
-0, 225 /
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— 1.01-
RS
i
@ 0.99
bgl
S 0.93
o]
0. 9T -k ,
-10 0 10 20 30 40 =0 B0 0
Temp (2]
e)PEIZAY scale FirH!

Kl 4-8 4= &Y H IMU bias il scale

SR, St A R i/ TR SR EREAT ) X 2 I A P, B e I
(EEVEWS

p. (0= axt (4-25)
Kb AR X
A WAL RN
K A LT
R4 5 B 21 (% ) (1 =0 ) o AT MO n(n < m) B 2 5% M

g, Bok—2 0 p, () =Y ax“ ed, fiif}
k=0

I=i[pn(xi)—yi]2=i[iaer—yi] ~ Min (4-26)

AU RO 2 TN, RN 2 IS, 582 5K (4-26) 1 p, (x) FROM R/ —

Tl 52 mia. FEH, M n=1 0, FONVEMERIGSRELRS .
AR

I = Zm:(zn: & Xik - Yij (4-27)

N ay,a,..a, FZICREL R iR @RISR T =1(ay,a,..a,) RIS, B2
TCRR BRI AR () 225541, 15

azzi[iakx:‘ —yij:O, j=01---n (4-28)
Rl
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i(i X" jak = iZ:,Xij Yis J=01-n (4-29)

k=0 \'i=0

~(4-29) /e KT ay,a,..a, SN AL, FIFERER RN

m+1 y X, e y X' 'y
aZ:o: | ; " a, ;y'
X X2 ... x| a c .
iZo:. i ; i . - i '1 — ;X| Yi (4_30)

v | n e | n+l C 2n LN C :n
in in in in Yi
L i=0 i=0 i=0 Li=0 i

A3 (4-29) 505X (4-30) R Ay IE M 5 FEZ alydi Jy R4l . mTLAUER, T R4 (4-30) 1) R 5K
TP — AR IE S FE B, WAE e —f . X (4-30) i a, (k =01,---,n) AT

LR
p. (0= ax"
ATLLUER, 2 (4-25)1 1 p, () #5258 (4-26), B p, (x) sk & 2 8 A

13" [, ()~ y T BN~ T T p, () BT 5%, el

I = > Lo x) i (@-31)
= (4-31) ] 75
I = 3ye -3 3oxy) @32

GE) AN ELE AU St Ry R r VS D DI Wi
(1) e amiE K, #E a2 IR n;

2) ﬁﬂi%ﬁﬁixij, (j=0,1---,2n)$ﬂixijyi, (j=01---,2n);

@)Eﬁﬁﬂ;ﬁﬁ,*ﬁ%ﬂw%fo

M)Eﬁﬂé%ﬁﬁm&ng%ﬂo

%ﬁﬁ%ﬁﬁﬁﬁ@%mm%Mwmﬁﬁ%%ﬁﬁMé,Mé%ﬁﬁ%m%¢
1 s
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® 41 PUAER

K h b a CH a

X -0.1408 0.0014 0.000017

Acc_bias Y -0.1292 0.0007 0.000021

z -0.0739 0.0013 0.000023
X 0.9759 -0.000061 -0.0000004
Acc_scale Y 0.9685 -0.000071 -0.0000007
z N=2 0.9838 -0.000049 -0.0000006
X -0.1964 0.00123 -0.0000016
Gyro_bias Y -0.1173 0.00092 -0.0000017
z -0.2331 0.00169 -0.0000024

X -0.9695 0.00105 0.0000051

Gyro_scale Y -0.9762 0.00155 0.0000013
z -0.9820 0.00198 0.0000048

AP N=2, —kZIAIUEZ )G, UG X 4l scale Al bias 41,
A G R SRE T R an i 4-9 Fis .
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0. 9675 -
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/> DSP Pt A i s ) A5 S B I, ) Ui R R 22 s AN T AT 5 22 e R 3
F I XAt 2] DSP 11 flash X . RAS A, 77 ZEX LAY B4 T A0 3 5 551
BEAL K 4-10 s

0.a79- - Ead o
0. 978 - ) - 12

] : :xx x,f : w Eﬂbﬁ < i =
0. 976 - sli a
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I
o
o
=

B E
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K 4-10 UG o Boak Be

£~ IMU 11 bias 1 scale 1% 22 H B85, AR AR N IEHESAT A7 6, 5 s
JEE VT = 3l AN B WA =B o AT AT RS IEH TAERT & R M. R4
50 > R ZE R M WIER 4-2 PR

R 42 IERETE 50 4R ZER A

Temp AccX_S AccX_B AccY_S AccY_B AccZ_S AccZ B
C g g g g g g
29.87633 1.0237 -0.07707 0.989761 -0.07541 1.010881 -0.26395
29.88548 1.023181 -0.0769 0.990424 -0.07552 1.010019 -0.2638
29.89603 1.021908 -0.07602 0.989499 -0.07432 1.01092 -0.26366

4.4 REEEHIOLT
4.4.1 CAN Rk #hA

o i) 4% 5 5% 9 (controller area network) & #k CAN, 2 1SO [H brbruEAk i) Ef 4738
fFEPN. R L H BOSCH 2 vl A EIARAR AN AUEHEH i —Fh 2 BHL R . 3
KA i R de =y IS 3 AMbit/s, AB4EE B i vl 1) 10km, JEHEE E, CAN
B b IR A5 LA 52 R AL,

4.4.1.1 CAN T{E/E1E
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gl Aok, PR, K. A AN S AL R, W 4-11a B
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