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Abstract

This paper presents a proposed method for center of gravity (COG) velocity estimation during squatting using information
obtained from lower limb motion measurements. A squat exercise uses the lower limb joints and the muscles around these
joints. The squat exercise velocity changes according to the lower limb muscle activity. Some earlier reports of relevant
studies have suggested that muscle weakness and neurological deterioration influence the COG velocity when standing up.
Therefore, it is important to clarify the relation between the COG velocity and lower limb motion for efficient training and the
prevention of falls among older people. For this study, we constructed a squat velocity model that represents the relation
between the COG velocity and lower limb joint power during squatting. Although no joint power indicates each muscle
activity in detail, it is possible to estimate muscle activities around the joints approximately by using the joint power. For this
experiment, the squat exercise was measured using a 3D motion analysis system. The experiment was conducted for three
stance widths. The COG velocity and the lower limb joint powers were calculated using information from the 3D motion
analysis system. We estimated the squat velocity model parameters by application of Kalman filter using the measurement
information. The analysis results for the squat velocity model indicated a quantitative relation between the COG velocity and
the lower limb joint power during squatting. Furthermore, comparable results were obtained from three stance widths. This
analytical method is anticipated for use in evaluation of motor function and exercise assisting device design.

Key words : Squat, Motion analysis, Joint power, Center of gravity, Squat model

1. #%

270y NEENE, REORTEOH N FL—=0 7 HETHY, AR—YEFET TR, @EES, S
FOHINETEZ T 57200ER & L TEZ DAXITE LEN TS (Flanagan et al., 2003; KiL, 2010; £IK,
2010). A7 Uy NEBEVZLRIT O I2OITIE, BWOREE L 2 & o AiE (TEMOERE) ZAf L, EADRT
VAZEDTENDMETHD. NHEUWEBE TR Uy NEEZITo05E, BRSCEEiORE LS SR 23
BEMERH B0, L6 BB EWEICI T HIERHEO AL (I, 2006), HRECLEICE B LIS T (s
fi, 2014; picHifh, 2015) <°, milin& DA 2 Uy NMENZEIT D78 (M, 2014) 23T, EifEROmEEZ
EEDPRFTEN TS,

A7 0 MEENE, TR - BRI - REEE OO Eb Y OFREER L TITOEEITH Y, K
Ho—>oL LT, IxBEEiORTENR RIS « RO ENEK . —EDHETENT D ERFESNTND (IF
Kfthl, 2015). EEARR X L AMRA TR L, MBSO FENE A YR Z &, RBAETC 2 B~ D B e A e
EREST-DICLEBETH L. TDIEMN, AHX 2 AREELS 56O PRI - BT — A > h 02,
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ATEERRREDZAGIZBI T 2078 (B H, =8k, 2005) 23 Thoil, RACH; ) & ERT 5720, T ~0
A ABIRT 272D A7 o ATEICONWTHRE SN TV 5.

Fio, A7 Uy MEBNIIT HEEEE L, TROES E OBMREZHONNCT S 2 X, NI L—=
TwEATO IO TR, EE OB IEREZ#HT 27D EETHD. L b LBV EfRICRIT 5 &g o
HREFRICR LTI, BRECEEOK FAERO—2 & LTHEINTWD (B, LA, 2012). H{AHELO
IEENE, LD 50, MERAEREOIK TS NS FIREMEA R ST Y, TFIROES) & H RELHE & D
BIfRZ BN RS 2 LIE, 32D AN 0 BEIZ ST S IEEERE ORI BRI ATEECd 5 B TENEIZ IV T,
BABRE— A > ROBIHI /RN T —72 ED )T A —Z P TIEE & RO BN EZ FF O 2 L AHE N TV DA
(Olney et al., 1991; Olney et al., 1994; Winter, 2009), A7 U v MEBNIBNT, ZIHOIJFHT A —H LiEdhH
JE L ORFRE ERINR LIZFITD R0 ONBRTH 5.

Z ZCABIR T, A0, BRI, BBENCE T 5B Y — 2 AW CHERELEE A HET D A7
Ty NHEETVEBEL, TROESR) E FIRE.LHE & OBIREZ E BN T 2O DT 217 5. 1XLHIZ, 3
WITEMERATIEE 2 T, A X U AlEE 3L SH - RIFICB T 2EEEOA 7 U v MEBZ T 5.
AMFFEITINTIE, TIROES) & FAREOHE & ORMREZEEINTTRT ZENERANTH D20, EFEEIZX
LEHASEBR AT S . e, FHIZEBRIC X 0 S SN B RE DR L BN — & A~ T 4 L HIZEA L,
AT Ty NEEETNHNONRT A—ZERETDH. wKRIZ, FELE/NT A—2 L TRV —%2 27T v |
WEETV~NEHTHZ EICLY, FERECHEAHET S, 618, #ELEET AV EZHWTHE LI FKE
DL L, 3WTTEMEATEE L 0 GO Tc HRELHEL R L, E7 VORSEEZRGET 5.

2. fRAE

2-1 fHERELEHEE

PERE IR TS H P2 o 34 (R 1.761+0.0358m, 1A 66.0+t1kg) Thb. KWBREICE
DE TR AR 1 IR T. A7 Uy NEmE SR I TS S EP RISV TEM L, REBRIZOW
CIXEERFZRRICBE T 2 TS EHM 2R e Myl EZBROAREZED L &bl bo ULbERE (R
FAEDYPERE IO TCIREE 25 Te) (Haeiila 52, FEEZ/Eb0L Lz

ARFBRIZBNTCE, 3 RoTEMEMNTEERE  (Vicon £H8Y) &R (Kistler #18Y) 2 FVC R OEEYY: - B
TVFEHNT A — 2 5455 . 3 WTTEMEMRIT IS E 5 L O IFOW > 7 ) o ST 100H Th 5. Hik
WZEUD (1T %~ — 2 OALENE, Plug in Gait Marker 2% L7-.

PERE DA 7 T NEBNEAT D IREEE R LT 3IThlRY 7 £ 71 & BRI R AKX 11279, 3 Rochifg
Uy 7T, B, MES, BiEE, Ao B, milE T, RBR, FIR, BEo 15860, (1), (2)
R TER) SRR (LR, B, 1992) ZHWTTIBEEIE— A v FEEMT 5. Bfit— AL FOEEZK 2
(e

Table 1 Characteristics of all subjects. _ -

Subject Height [m] | Weight [kg] | Age (years)
SUbjeCt A 1.82 66 19 \ glip 1Flexion
Subject B 170 65 17 - VT
- 7 Knee Flexion /
Subject C 1.81 67 19 I Angle A © Ankle
/ - Dorsi-Flexion
X 4 Angle
Y £ )

. .
Fig. 1 3D rigid link model and the definition of the
global coordinate system and joint angle.

[DOI: 10.1299/transjsme.17-00234] © 2017 The Japan Society of Mechanical Engineers



Saito, Miyawaki and Kizawa, Transactions of the JSME (in Japanese), Vol.83, No0.852 (2017)

Y Ml] i joint
J
- P;
TG
RS
] PO T~
G
S; 5
\
> X
0

j :Joint point G : Center of gravity p : acting point

Fig. 2 Definition of joint moment.

mSS=mg+ > R; (D

Iié:ZMii+Pix(SiP_SiG)+ZRin(SiJ_SiG) (2)

ZIZT, AN PIFRKIITH Y, SCITELMIE, ATV 7 AE, mix) o EE, LTEETE—2 Y N ERT.
ERAEINDIAICK IR BT —A Y M EZRD D ZENTE L. K213 FHEICBT HHEEiT— 2 FERL
TEY, 3RIEDET NEMNTT D T2 DITD " SEEIZOWT HREEOHEZ1T .

THEBAEI ST —1F, FBfiT— A2 R ESBEEICBT 2AREEZHNTRQ@ICLVEHT L. ok, KB
B DA, 3 UOTEMEfTER X 0 15 O - BEiAE A L CEITS.

W, =M; -, (3)

2T, WilEBEiNT —, Myl3BAEIE— A N, o FBEENCRIT B AEE 2R, Q@)X —Fmic ks B B
NU—%RmLTEBY, 3WILDET NVEMNT 51212 ZSFEICHOW T S RRROFHE 21T 5 .

2-2 RE&H

KREFRICIBTHAT Ty MNEBO A X o AT RO 2 p BB OERE LTkY, TEomE (W
FEJTIE)) (X5 2 FPUR B EE & S O T B 2SS A SERRDS X il & TATIC e B Ko IR Lz (X3). A X Al
WA TSR (BT H, =8k, 2005) 2B EICLTRY, FREEZ AL ABLE LIZIT 4T LAZ Ty b (MSQ),
JBIENED 60%% A% AL LIz r—A2 T v b (NSQ), JEMENIED 200%% A X L AMgE LTz T A RAZ Ty
 (WSQ) D 3FEM L L. FHRFICHIT D 3FHEDOA X L AREER 2 (T, RERIZBONTL, ~A—x
NEFRAET, BEOAOAR TAZ Uy MNEBZITH. EAENRVIRIET, FHERIRY TR 2 X 9FRL
7o HEEERFEIEA br—2A60bpm IZA DT TFRICLE, EFIC1IEMT2b0E L, 1EIOFHANCS>X 2 (5]
DAY Ty NEBZEITHI & & LT

2:3 AUy MEEETILOEE

R OIEENEREIZIX, fHORE S &2 Laed BIET 2R OMEIE L, fhoR 20k L2 BIHET 2 00
WHER SV, BERFHIEL, FHORESICEN0E T RMEFENE LS. 26 OB EE T
RTA—=ZD—DHEI T =035, BF T —1L, BEfiT—A2 ~EBEEOMAEE OB THE S, B
RO —=NEDEZ L 5 & EITRODERE, ADEE &5 L SITEMEFERREL TS EEZHZLENRT
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Stance width

i

7

Table 2 Stance widths of all subjects. Second 1 :

metatarsal | i

. Stance widths [m] head ! I

Subject ! !

NSQ MSQ WsQ : :

1 ]

Subject A 0.216 0.360 0.720 ! !

Subject B 0.210 0.350 0.700 i X [

Calcaneal | :

Subject C 0.198 0.330 0.660 tuberosity ! < 1 L
Z

Left foot Right foot

Fig. 3 Definition of stance width.

X% (BRRSAToHTIFZE4, 2008). BASIE—A > MIBEEICH T AR 2R T RTA—XTHY, ZThixHn»
THEHT 2B T —I13f 2« OFIEEN &2 FE IR T /37 A—2 TlEaung, By —2Hnwbs 2 ThBk®
OHENEZHEET HZ ENARETH D, FoBEE U —I, BESHICBTAEFERERT NI A—XTHY, RJ
T NEEFHO ETEEE LRRRHHEBEZHENTED.

A7 0y MNEENE, TSR - RIS - RBEEI L T OO Eb Y OB EFHALTITY. £ 2 TAMET
I, A7 Uy MENIET D FRELEE & FRBERNICRIT AR\ T — G ko nER) EHAVWTAI T Y
NHEEE T LA RS LT, o0 FIREIEI ST — 2 V=22 7w MEEET LA, Zn2hR(@), RE)IRT.

Vcogz = a\Nlank + b\NI + CWIhip (4)

knee

Veogz = dWrank + eernee + fthip (5)

Z 2T, Veog [ IHEEIEED LT (ZF70) BT, Wik Wikee, Winip (X750 2B - BERIHT - BBAMIIC R
DB ST —, Wrank, Wiknee, Winip 13457 O R BIET - RBAHT - BRBAEIIC T 28IV —CTh 5. a~f IXKBIFIN
=BT BT A—=2 TV, BT = HEEA~D BN W AT 5 %E| 2 JL =972, BT N ThD.
3 RTTENMEMRAT IS E L 0 15 S-S REDHE & oA O TR R — &2 VT af DT A —Z Z[FEL,
INBDONRTG A= ERfINT—%2 27 Uy NEEET A~EHT 5 Z LI HRECHEELHEET 5.
RENRT A—=ZDRIEITIE, I~ T4 NETNAIY ALEAND. B~ 7 0V 3R LI IRRE T
K EBRHERE AT, —FEZRTE COMREBRELNCB O TR L7 EMAED LIS, fi/es AT AOWRREZHEE
THTANETHD. £ TFEOBE T —2 AW 2A27 Uy MNEEEST VT DIRRE R L Bl % 2
NENX(6), NIRRT MR LREFE B RERIRE TH Y, KB\ T L~ 7 ¢
JLZ (S5, ALE, 2012) &5,

X1 = AX + Bwy, (6)
a 1 0O 1

x =|b|. A=|0 1 o B=|1
c 0 01 1
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Yi = Ctxt +Vi )
Yi = b/cong’ C, :|_Vvlank Winee WIhipJ

ZIT, oW, WITHAMEE TH D, REE x 1 IX@)ICB T HRMNIT A= (a, b, ¢) THY, BHME v,
3 WOTENMEMTEE LV G o EELEED LT HES THhD. RINT A —21%, FET D XER
IZBWT—EETHDHE L, T A—EB—FEHEIZIURT 5 ETTHMAT v 7 (F(8), 9) &7 4%V
I AT v 7 (A0~ (12) DHRABE N~ T 4 BT T Y XL E#RY IR LUHETS.

Xea = AX (8)
P.i=APRA" +BQB' (©)
K = F1;1(:g;1(t:t+1F1;1C::ﬁ_‘F Fz)_l (10)
Xu1:XQf+KHKymr‘CmM;J (11)
Ra= (I - Kt+1Ct+l)P[;1 (12)

T, PIERAEMSEITA, KIZh v~ A 2, QR IXFNCIVREE SR, BRITRUICR T 2 Aty

Wo WO THS. Xy, P IEE]E TOMERE A THEE L72R] th1 1031 2R RE I & a4 i T

FITHY, Xy P 1R t+1 F TOR#RAE W THEE L 72 t+1 123617 2R & LR U TSI Th 5.

%
AFEHTIZIB VT, Q=0, R=0.01 & L7z, A FHEOMEE Y —%2 =AUy NEEET IO T b [RERIZ
RENNT A—Z DRIEZEATD.

3. BIEREIUEER

3-1 EENFHARR

ARFEBRICEBT D FREBIE A ORI AEZ2 %K 312, EAZ L AMRICEIT 222779k 1 RISyO 2 TR <
T—DfEREZX 4 P HK 6 ICFNEFIURT. BEEAY—ORERICEL L, A FRERICBWThH RO R ELIL
2. 728, W46 61F, KEBIORE CIESELRRERL TWA. EFELZREICBEL TiE, 27T a]
Sy DOWFR (2 /) &2 100%E L TWD. F7z, BN FREDD_EFACUI DO DB, B RE LR 0 L7225 X o
RETIVEZ I ELTERY, IR0 TR E TR, G2 ko1 EZ EA-ELTHRFEL TS,

F3I LD, TRTORAY U RRIZE W CTHEEAEO Y — 7 BB R b RE <, EREINHRH /DS VR
Lo, RZUVAMEOBNC X DBEIAEOEVNCERT S &, B & RBEHENE, X ¥ U RENIRL 251
ORI KIE I E LR/ NS K R BN S D ARERIL, 2 OWBRE OFERICB W T HRBEOBIMEZ R LT
Wie. E2X4, 5, 6 k0, BT —IZBWTH E— 7 IR N R b K& <, BN R L/ WER &
potz. BEIRTU—ORERICBWN T, AKX 2 ATEOENT X D IEE OEW SRR 7208, TRTo
A B AMRIZ I TRERIHET & IXBAET OB Y — X FIERFICADE, ERFHICIEDEL L > THY, TRRHIZIX
FRDMBON RN B 7 /1 % RBAET Dam D EIE, BRI DG 720N B 5 /1 2 B9 2 SR M Thiu T
5 ENTRENT.
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Table3 Peak value of joint angles.

Joint Peak value of joint angles [degree]
oin
NSQ MSQ WSQ
. Left 5110 46+8 41+10
Ankle joints -
Right 54417 40£5 38+£2
o Left 134%23 126+31 119+6
Knee joints -
Right 13225 127132 11610
o Left 95=*7 975 97+11
Hip joints -
Right 9619 100x5 9911
6 T T T T 6 T T T T 6 T T T T T T T
L Descent Ascent | Descent Ascent L Descent Ascent
at - 4 _ 4k -
g 2_ E 2 | *%n 2: -
2 7 17 127 :
£t £t £ et
ject A _| DL —Subject .
2r “Swean | et B 2 —Subject B
b -=--Subject C F ----Subject C 4' . ‘ . *==Subject C 1
- N ) 1 s . B . 1 N 1 1 A 1 N = ! 1 L L s
Al 2040 60 0100 o 20 40 60 80 100 0 20 40 60 80 100
Normalized state of squat [%] Normalized state of squat [%] Normalized state of squat [%]
(&) Ankle Power (b) Knee Power (c) Hip Power
Fig. 4 Power results for measurement experiment (NSQ).
6 T T T T T T T 6 T T T T T T T 6 T T T T
| Descent Ascent ] X Descent Ascent ] L Descent Ascent ]
41 E 4 - 4 g
el 13 | =
= ] =<
= 2k 4 = 2+ S -
N S~ W I - | N, < S Okl 2
2 —Subject A 2k —Subject A _| 2 —Subject A _|
~—Subject B —Subject B —Subject B
L == Subject C 1 r --=--Subject C -===Subject C 1
_4 I 1 I 1 1 n 1 L _4 n 1 I | 1 L 1 L _4 I 1 i 1 1 n 1 i
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
Normalized state of squat [%] Normalized state of squat [%] Normalized state of squat [%0]
(@ Ankle Power b) Knee Power c) Hip Power
p
Fig.5  Power results for measurement experiment (MSQ).
6 T T T T T 6 T T T T T T T 6 T T T
L Descent Ascent ] L Descent Ascent ] L Descent Ascent
4 ] 4 l 4 -
F 2 [ E)‘ 5 I E 2 I
| S— - e O g 0=l < Z
£} £ 1 £ 7
L ——Subj , —Subject A _| -2+ - -
2 sﬁh}z: A —Sﬂbj§: B et
r -==-Subject C 1 -==-Subject C 1 i - —Subject C |
-4 L I L 1 I . 1 L -4 L L A 1 I . 1 L -4 L L L L L L L "
20 40 60 80 100 20 40 60 80 100 O 20 40 60 80 100
Normalized state of squat [%] Normalized state of squat [%] Normalized state of squat [%]
(@) Ankle Power (b) Knee Power (c) Hip Power

Fig. 6 Power results for measurement experiment (WSQ).
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Table4 Estimated parameters in the squat velocity model.

Parameters [1/N]

Subject NSQ MSQ WSQ
a b c a b c a b c
Sub Left | 7.7x10% | 42x10% | -28x10 | 8.6x10% | 23x10? | 3.2x10% | 35x10? | 35x102 | 1.3x10
ubject A -
Right | 6.2x102 | 23x10% | 3.1x102 | 65x10% | 2.4x10%2 | 2.8x10? | 3.1x10% | 2.8x10? | 3.0x10?
Sub Left | 40x10% | 3.9x10%2 | 92x10 | 42x10% | 35x10% | 2.0x10%2 | 41x10% | 3.0x10% | 2.4x10?
ubject B -
Right | 4.3x10% | 22x102 | 21x10% | 23x10? | 1.9x10% | 2.2x10% | 3.3x102 | 20x10% | 1.9%x102
Sublect Left | 56x102 | 25x10% | 2.7x10? | 51x10% | 1.8x10% | 26x102 | 81x10% | 1.9%x10? | 25x10?
ubject -
Right | 2.8x10% | 24x102 | 29x10% | 25x10? | 1.9x10% | 2.6x10% | 35x102 | 21x10% | 1.9%x102
Ascent | | Descent I ' I Ascent | Descent ' A:I;c:e-m ' D‘b‘&i(t?ll.‘l ' '
— 1000} A 4 — 1000 ~— 1000} E
5 5] 5]
2 2 2
: : = yAN
= E \ =
e 0 ; = 0 z 0 ; 4
2 E ER: ; ]
2 2 2 b
-1000f- —Velocity(by the 3D motion analysis system) e 4~ 1000 ——Velocity(by the 3D motion analysis system) 17 -10001 Velocity(by the 3D motion analysis system) T
Velocity(estimated by proposed modelleft foot) Velocity(estimated by proposed modelleft foof) Velocity(estimated by proposed modeHeft foot)
- = -Velocity(estimated by proposed modelyight foot) L [ - -Velocity(estimated by proposed modelyight foot) . |~ -Velocity(estimated by proposed modglright foor) |
0 2 4 6 8 0 2 4 [ 8 0 2 4 6 8
Time[sec] Time[sec] Time[sec]
(@ NSQ (b) MSQ (0 WSQ
Fig. 7 The COG velocity obtained from the 3D motion analysis system and the COG velocity estimated by the model
(Subject A).
Ascent '] Descent’ T ! T .—'\%Cem‘ ‘ DE"SCE‘DTI j T ) ik [ Ascent || Descent’ ! T
— 1000+ 4 — 1000 -+ — 1000} E
5} 5] 2
2 2 . j"f’
= £ =
:'i 0 . 3 0 —\/_ V = 0
g 7] .g ; 3 N
2 2 2 )
-1000f- —Velocity(by the 3D motion analysis system) T -1000 —Velocity(by the 3D motion analysis system) 4 7 -1000f- Velocity(by the 3D motion analysis system) 7
Velocity(estimated by proposed modzLleft foot) —Velocity(estimated by proposed modeleft ot) Velocity(estimated by proposed modelleft foot)
|~ -Vekcity(estimated by ppoposed modelzight foof) e [ == -’A\:'ehcir'vt(eelimarled by pr\opmed‘ |mdelqtghl ﬁmp e I~ ~ ~Velociy(estimated by proposed modelyight foot)
0 2 4 6 8 0 2 4 6 8 2 4 6 8
Time[sec] Time[sec] Time[sec]
(@) NSQ (b) MSQ (© WsQ
Fig. 8 The COG velocity obtained from the 3D motion analysis system and the COG velocity estimated by the model
(Subject B).
Ascent || Descent ! ' Ascent || Descent | | ™ ;—\Yscent ' Delscent ! ' ' '
— 1000 4 — 1000 4 — 1000+ .
5 ) 5}
3 2 ; 2
= I & [ 1 g Y’ ]
E‘ 0 \IL\' A £ 0 #/\- /K— Ea 0 p/\_ ‘)ﬁ\g
VT NVET T TMET TS /
s 2 2
-1000- ——Velocity(by the 3D motion analysis system) 1°- 10001 Velocity(by the 3D motion analysis system) 47 -10001- —Velocity(by the 3D motion analysis system) N
Velocity(estimated by proposed modelleft foot) Velocity(estimated by proposed modetleft foot) Velocity(estimated by proposed modelleft foot)
| - - -Velocify(estimated by proposed modelyight foot) L f == -Velocity(estimated by pjoposed modelright foof) L t ——-Velcity(estimated by proposed modelyight foot) \
0 2 4 6 8 0 2 4 6 8 0 2 4 6 8
Time[sec| Time[sec] Time[sec]
(@ NSQ (b) MSQ () WsQ
Fig. 9 The COG velocity obtained from the 3D motion analysis system and the COG velocity estimated by the model
(Subject C).
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Table5 Root mean square error of estimated velocities.

. RMSE [mm/s]
Subject
NSQ MSQ WSQ

. Left 5.15 2.47 2.27
Subject A -

Right 4.82 2.80 2.16

. Left 1.85 2.15 2.55
Subject B -

Right 1.59 1.55 1.40

. Left 0.92 1.30 2.40
Subject C -

Right 1.08 1.16 1.47

3:2 AUy MEEETILERAVV-EEERERR

Fr ST 2 B EHAIM 2RO S HAE @2 O CRIE LI ST A—ZDOFERAER 4 12, RELIZ A STA—Z LR
O FEBIEIZ 31 5 B/ T — 2 AY T Nl EEE T L~ T A2 LI K0 HEE LT S RO O &R 12 5
TARRER T O 9ITRT. 2B, A BIX 6 ERERIZ, BRELEED 0 &7 A RO TR E LA &
TROEIVEZHE LTS,

A7 Ty NEEETVERWCCHEE LTS REDEEOREFICER T2 L, 2EREOT I TOARY ALK
WC, £ TFREOBE T — (K@) ZHWTHEE LIZREE, B0 PO \v— (XG) 2HnTHEL
TARERIIM R &L TR Y, EAETNETNO T Y —Z2HWCEBEOHEER R 2S5 Z 0N T& - 77,
IS OREERERITING, 3 RTTEMEARAT I E O 7 HAE T2 O CRIH U7 B AR B & [FRROE R 278 LTV
HT MDD, BRENEE S EAENENO FEREEICB 238U — L ORIICEEN BRI D5 Z L 2R
T ENTEL.

3-3 #HEREICHTIEE

27Ty NEEET VERWTHEE Lo S IR EDEHEORE 2R 5720, A7 Uy MEEET LV (HK(4),
X(B)) IR VHEE LI RELHEE &, 3 ROTENEMNT RS E O FHANRS Foa W TR U 7o S R E Dl & o0 3
PIRRAEORER A £ 5 1R, ARERICHIT 2HEERET, WHE A O NSQ IR\ Tib K& 7ol (/£5.15, A
4.82) & & ooy, TRTCOHEERBRICBNT, TIRPERZEOEIE 3 RoTEMEMHTEE O FHANS Rz V- CR
L= SR DEE O B — 7 fHIZ6 L 05 RO THY, A7 U v MEEET L2 AN TREELHE T2
LERLTWVD.

P bXo, TREEEICR T DR/ SY — & B RELEHE & ORICEENRBRRHD Z L2 RTZENTE .
ATy NEEET VA RHOTHEEREROE ZRGEET 2 Z L1280, flx OB RFFEIC X D)7 A 2 0 2=,
EARDONT VAT 27200 E L COFHANRMIGFTE 5.

4. ®E

AWFFETIE, TEOfH hL—=0 7L LTRENRAZ Uy MEBNZOWT, HilgFELELEL L3 i
FAD AL AW DR IR & Sk L, By oo RISV — & SR E DI O BRI O TREAT L 72
EERVENLTH H W MO 3 BN T DRI —, Z7 Uy NEENZIT DS IRE L & E R 7R
bDHEEL, A7 Uy PHEETNVAMIEE L. FHUSEBRICI W TR O N HRE OEBIFHR &, MHELZA
70y MEREET NV E O THRELEREDOHEE 21T 72, BRI, 3 RotEh RN AERE O FHlRE R 2 v
TR U7 S R L#EE & TSR T 28N —2 v~ 74 v 2 ~ERL, 27Uy NEEET LN
DRFGA—=RZRE L. Z0%, FELLATA—2 L TR T 588V —2E7 v ~RAL, FiK
HODHEZHEE L. 512, A7 Ty MREET V& W THEE L7 S IR EDHE OHEE RS E 2 M8 4 5720
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HEE L7 R E O &, 3 IRTENEAFHTEE O FHIIRE R4 TR U 72 B IR E Dol & oD SR PRRAGEIC D
WTCHEE - IEt 2 T o 72, 2 OFER, AT O R a7,

1. 2270y NEENZKIT DHRELEE L, TRV —LDOBURERT A2 Uy NEEETVERE L.
RELEETVERNT, A7 Uy MNEBCBIT 2 RELEELHEE L, TRBEEICR T 5T — L &k
B L ORICERAIZBERAH D Z L 2R LT,

2. A7 Uy NEEETNE HOTHEE L7e S RTEOHE &, 3 RTENM AT EE OGS R 2 W CRI L7
HREOHE L O T SRERRGEIIER I N SVETH Y, BELICAZ Uy MREETVERNWD Z &I28D,
PERE AL ARROIENZ L 5T, HREEEZRER HEERRETHD Z L AR

SEB ERDEEICRBWTC, BELBEIE A L—RIATH Z SRR Z RS A DI TH Y, FRELEE
EHERENCEET 2 LW RELH DL Z Enn, FERELNEEE X7 Uy MNEEHNIIST HiEE)F - 8750
TA=RLOBBREHALNCT D Z LITEETHS. £72, A7 Uy MNENILEA RO BHIMES TH 53
FEREORETF - IR T LRI TRICBOTHRIEE - BE N ET 5720, AFRICBWTIRE LA U
v NEEET LV EZHWASZ LIZLY, A7 Uy NEEHF ORI AT —DEGHEICOWTEHEIT 5 Z L B3 HIFFTX
L. AR E AL, BBV TRAET LIV —RN A7 Uy MNEB~52 R ERNIORT &
L BT, KBTI NY — L ABHIE Y O ) & OBIRE EEICRT I E NS EROMETH 5.
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