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HIGH-SPEED MOTION TARGET POSITION
MEASUREMENT BASED ON DUAL GALVANOMETER

SYSTEM MEASUREMENT METHODS

ABSTRACT

As machine vision measurement technology is widely used in many
fields such as sports, military, robotics, aerospace, etc., the position
measurement of high-speed moving targets by analyzing image
information has also become a hot issue. However, for the rapid movement
of high-speed targets, it is not possible to obtain clearer and processable
target images by conventional shooting methods. In order to address the
problem of high-speed targets can not get a clear image of normal shooting,
this paper designs an elevation camera plus dual galvanometer
measurement system. Compared with changing the position of the high-
speed camera, the galvanometer has a smaller volume and lighter mass,
and the rotation of the galvanometer is electronically adjusted to control
the vision of the high-speed camera, so as to obtain clearer high-speed
target motion images. The special elevation structure can avoid the
obstruction between the camera body and the galvanometer, so as to obtain
a larger measurement field of view. Due to the synchronization problem of
traditional binocular measurement, it is difficult to image high-speed
moving targets in real time. The single camera imaging mode does not need
to consider this problem, and it also simplifies the system structure and
reduces the system cost.

The main research and contributions of this paper are as follows:
I
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(1) A measurement structure based on a single elevation camera and
dual galvanometer is designed to extend the measurement range of the
traditional camera plus galvanometer, to realize the measurement effect of
single camera forming stereo vision, and finally to realize the large-range
three-dimensional attitude measurement of high-speed targets. The design
includes the structural design of the measurement system, the derivation of
the dual galvanometer motion model and the structural arrangement of the
optical path. The experimental results show that the measurement system
can realize the tracking and shooting of the target in a large range, and the
measurement range is 2.27 times of that of the single-camera shooting, and
the image clarity meets the measurement requirements.

(2) In order to realize wide-range 3D measurements, the dual
galvanometer will rotate with the movement of the target, and the external
parameter of the virtual camera will be changed accordingly. In order to
obtain the external parameters of the virtual camera after the rotation of the
galvanometer, this paper adopts the method based on virtual binocular
calibration (VBC) external parameter estimation to obtain the positional
relationship between the virtual cameras, which utilizes the one-to-one
correspondence between the rotation angle of the galvanometer and the
virtual camera's attitude transformation, and under the condition of
obtaining the external parameter of the virtual camera under the single
galvanometer, the external parameters of the virtual camera are calculated.
This method utilizes the one-to-one correspondence between the rotation
angle of the galvanometer and the positional transformation of the virtual
camera under the condition of obtaining the external parameters of the
virtual camera under a single galvanometer. The experimental results show
that for each rotation of 0.25° of galvanometers a and b, the average value
of virtual camera a rotated around the Y-axis is 0.480°, and the average

v
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value of virtual camera b rotated around the Y-axis is -0.181°, and the
average value of virtual camera b rotated around the Y-axis is 0.468°, and
the average value of virtual camera b rotated around the Z-axis is -0.168°.
(3) To address the problem of poor viewing angle in traditional
centerline measurement, the mode of separate measurement of initial and
relative positions is adopted. Due to the measurement mode of single
camera plus dual galvanometer, the system follows the measurement
principle of binocular vision. The initial position measurement is based on
Hough straight line detection, Sift feature point matching, and weighted
center of gravity method. The relative position measurement uses multi-
image feature point matching plus point cloud alignment, which ensures
the measurement accuracy while reducing the measurement speed and
requirements. In the static target error verification experiment, the average
relative error of its position is 1.96% and the average relative error of its
attitude is 3.29%. In the dynamic target simulation experiment, the average
relative error of its position is 2.89% and the average relative error of its
attitude is 3.99%. Finally, in the experiment of high-speed moving target,
the attitude measurement of high-speed moving target verifies the

effectiveness of the algorithm.
Junnan Liu (Control science and engineering)

Supervised by Lichao Wang

KEY WORDS: high-speed moving target, single camera, dual

galvanometer, posture measurement, feature point matching
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-20 -20.49  -0.49 245 -20.14 -0.14 0.71 -20.85  -0.85 425
-10 -10.03  -0.03 0.31 -10.08 -0.08 0.76 -10.57  -0.57 5.73
10 10.08 0.08 0.83 10.04 0.04 0.36 10.25 0.25 2.45
20 20.35 0.35 1.75  20.05 0.05 0.23 20.75 0.75 3.73

FER 5-3 v, AR EIA B RFIAHN R ZE N 1.96% o FENUME X Ee st
Ferpe A ) BV 7 ) XORATSE BT )Y BB R RN OR, A TR R
£ Z B EAE AR EASBOR, KRR E SR s A B BRI
oMo [l AL IR A B B B 2R G0 iR 72 52 R AR LR LA L s, i
TR B0 A2 FARAL IR P AR S, XU %L B AN T BE K, 75 gl
BB, REXIREE T PR e R SR SR A L, (LR A RS AH ALY
LA, XS R SR ERG EE™ A T R [FI A LR E A% . LAC
SAVGHC R R AR AE — SRR LML R LI RS

5.3.2 1EXT RSN 4 E I IE

SO E M B R — B0 K HARBCE THUE, Dbs g i AL 2 bR
#E, XIS 100, IETUTRSREBPIR, HARHE(E Y-200, -10°, 10°, 20°. &
SRR 7 500 B IR — 5, 1R 38 g Rt [ e AR b, BURUE 1L 2 2
AR DL TUA O (R A A 22 rCe R, T SE B AR I & H A 1 Lo JBCE T8I
PR R, BRINZdE RS2 — R o AR, AN I )2
FHRTERS, WO & B FR 2 S EN U & TUR) At SEBRIHIE R AN K. 18] 5-6 47
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B R IE B AR x Hil y Bl z LS L5523 20000 3d R .

3D Point Cloud 3D Point Cloud 3D Point Cloud

Z (mm)

Z (mm)
*®

Z (mm)

1460 146
1440 1440 -
1420 160 1420 100 a4ed
1400 2 50 1400 A 50 1400 A
e/ — ——
100 [o5 gs” oo 00, o5 07 LT T
160 a 160 160

180 Y (mm) 180 0 Y (mm; 180 0 Y (mm)
X (mm) 200 (mm) X (mim) 200 (mm) X (mm) 200 (mm)

(@) (b) ©

5-6 x i,y Hh. z BEAFEE 20°H) 3d B
()7 B ) =4 i s TR It B AR 2R, 7EI] 5-6 1, 1 H T HIIR A
N OCHIAHXT L35 20° AT R 3d R, H it B vIsahiE, L4607
NFMRANALE, () 1 ORI 158 X BhE e (IR /A Roll, (b)ExR T
ORI TG Y HEEL AR Pitch, (o)Bn T B EMRIR T35 Z Shiesk )
AT Yawo AHXTALZEI S S5 R AN5R 5-4 B

2 5-4 FHXTEEAS &

PRE(E g(0) AR R () AEXS AAXS gy () AXT HIX
©) W RE WEOIRE WE RE
(O ) ) ") ) (o)

20  -20.83 -0.83 4.4 -2086 -0.86 431 -2036 -036  1.78
-10 -1044  -044 436  -10.06 -0.06 059 -1024 024 235
10 1052 052 524 1041 041 413 1023 023 23]
20 2081 081 403 2080 080 4.01 2045 045 227

1E3R 5-4 vh, AITFRAA RPN RZE N 3.29% . MK TALE MR, H
YRS D5 T DU GRS AIE A U TR FRHS FE A O, TERFIE AR IU B AR ZE A KI I R
55 25 VETE R RS P38 AR 25 A8 K, x-S i P 2 2 WU I B e R A K
bR AR T ALE S BE, T hR e AR IR, e S8 A 0 2 PO A
LER PN
5.4 SRIEsN B RN E KL
5.4.1 FRE IR RLZEN 2

BSEIE K KAR e 13 B L B AUAHBLI N S 52, Bl xt 7<7 |/
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PRAEBCGEAT AR 30 5KIEME, BEJEHAT LA 708, I python BEATARE . /KR
FWAIHLE P R R ZE0E 0.193 (B3R, A A AWARHLE T X R IR 2208 0.184
L

e 5-5 FEMARHUANA WUAHHLA) SR AUADL Y 2

fy fy Uo Vo k1 k> k3 D1 D2
EREWAHNL 5998.28 6035.05 1002.63 621.20 0.76 31.79 -660.11 -0.01 -0.02
A REWAHNL 5837.75 5869.40 1053.71 700.36 0.33 -1555 240.38 0.00 0.04

WX HR 5-5 EAAANLI N ST 08, T2 8L BRI 22
—HER, (HE T ARG AR ARG AT AL — 220, @ REE BRI 1 ARAL
MINZ. LU A BN SN S

0.9811 0.0788 0.1765 -20.3576
R=|-0.0766 0.9969 -0.0195|,T=| 1.6362 (5-1)
-0.1775 0.0056 0.9841 -3.5787

B AIRG ST, BRAEH y BhIER ML . PIANIRGE I B R
WARBLF R AERE y BN A% Kb T MR L 20 A% e —#, HS
FANLZ IB) PRI, B AFAE — € %2, CSEBRSRIRAE y Bl EAF A — € i %2 o

A REMEEARAI EO s R 2 A R

- - LIRS

e M [ 2

5-7 BRI 2 B S
PIGE AL LR K 4.3 PTG Z MR D IR Wi 5-7 Pron, AseisikH]
WO, E Rl ERASE AHPU AEYIR. By EIGT /24 5y
By, e E H SRR SR s, FREE AR, R R AR IR K
IR EL, EMEZMAEDY 13.80°, MMUBELZMMAEEDY 13.01°, MIRT1Y
N 13.41°, Mgl AR, R IE gk, TR AR —HER
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s B £ 5724 A FE T 22 0.016°

AT DL I A A 72 A W AT A6 B A S ARG SR, [ A xR ) g 0
Yok, o m] DUIE I 46 GO DI B ) A 25 A REREAT 6 6, AT W) DAAS 3] Jim 48
SR . FLrh PR B 5 i Bl 2R S BRI ) — AR IR L B 5-8 Fhos

W

5-8 MRS B S 1A
it R A R AR 2 5 B2 R R B A A ARFAE 1, 256 00 A (1 Y
SHMERAN SR, THE AR A i =4EAL bR . R =405, BANE
NAE-5)THE, B4R R ORI R IR = 4EA LK 5-6.
R 5-6 Yl BRI = 4R L3

X(mm) Y (mm) Z(mm) Roll(®) Pitch(®) Yaw(®)
I GUIRZS -339.99 162.80 1263.02 -8.16 7.32 94.04

5.4.2 Boh B rtR NN 2 L5

FEIEE) H AR, e b5 23 H AR mndig sl i K A e, AIni43 2
THEM MR, Tz 2 B bR & S e 2 2 BIX —id fE . 18 3) B AR S5 .
W T AR E T AU eI, 385 AR U 57 25 3 B G R i 3 . [
I, DS WU 5 1A e % A JE DA B B AL 7 SR U H AR 32 B AR, T 58 B
B3l H AR s, FO RS R LA AU B & 80 4 A bRt

& H AR H B ORI, LU 72 I A 2 N HERR M, e IR B Ah 2
WL VBC ShZ kit 3k 15 . R B T XUREE 4 7 2 S8 y B, S A
LI T TR N 2R AU (1 x BT ), DAOB BRI AR AL T IR GRS
HOR . PAE sk B ARRdEAL bR 2, FRIE I B E 177 23R4S 58 — TR MR A X T
TH AR bR 2R BRI N(-21.72°,9.38°,-3.23°), T2k ATA AL EHEAT e 5 2 1
FRAb bR R AT IR Z 0T IRBEa. b BIVILE A N (Aa, Ab) = (—2.00°, —1.75°) ,
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FRRERE 0.25°, X AUMUE ) x FORNEFS 3 Smm, HUWUE y Bl z SRR 30
— M. HL R, A 11 sk B, Eik BRI RIS, T BLS 3
10 HE e . 25 R BARWER 5-7, M= H s x S-FRAERZE N 1.46%, LLE M
TR AN R ZE N 2.89% .
* 5-7 BB H AR A B

Foox AL x el X Hhds  xBAH O HUME ES RS R
T B B SHREZE O XHRE OBV i % AN MXTR

(mm) (mm) (mm) (%) (mm) (mm)  ZE(mm)  %(%)

1 4.98 5.08 0.10 2.01 4.98 5.18 0.20 4.02
2 9.99 10.24 0.25 2.50 11.16 10.64 -0.52 4.66
3 15.01 14.72 -0.29 1.93 16.57 16.99 0.42 2.53
4 19.97 19.58 -0.39 1.95 2291 22.04 -0.87 3.80
5 25.00 25.23 0.23 0.92 28.72 29.58 0.86 2.99
6 29.99 30.31 0.32 1.07 35.01 35.72 0.71 2.03
7 35.01 3451 -0.50 1.43 40.93 40.05 -0.88 2.15
8 40.00 39.65 -0.35 0.88 47.15 48.99 1.84 3.90
9 44.98 45.38 0.40 0.89 53.14 53.62 0.48 0.90
10 49.99 50.48 0.49 0.98 59.37 60.52 1.15 1.94

TS S A N R, BT RSN BUHAANE R E FSE, AT
i b B 2 PR B A e FE AP 305 T BB s TR G AE AR 285 1 [T RE VS o b 97
R . A FORIRBEHIAGAr B AR U, x B RRIRFE SN Smm, LB 3R SE
x sy oz SRR R AR, 08 1 RGN . T E S R Bk R 5-
8, ME HFRK x Gl T HIMXT R ZEN 1.83%, BN THLEAHNRZE RN 3.99% .

* 5-8 HAlIaE) H briin LA E
Feo oxRRPLB x BhIUE x B4 xBRA BUEMES WEE Z2EE ZEE
5 B ¥ xRZE WRE  BAEH BEE AxHR MXHR
(mm) (mm) @) (%) @) (9 2 E®%)

1 4.99 5.07 0.08 1.60 -4.89 -5.07 -0.18 3.68
2 10.00 9.85 -0.15 1.50 -7.09 -7.49 -0.40 5.64
3 14.99 15.26 0.27 1.80 -8.66 -8.25 0.41 4.73
4 20.03 19.99 -0.04 0.20 -12.26 -12.54 -0.28 2.28
5 25.01 25.68 0.67 2.68 -15.32 -15.81 -0.49 3.20
6 30.00 30.67 0.67 2.23 5.05 521 0.16 3.17
7 35.01 36.05 1.04 2.97 7.12 6.82 -0.30 421
8 39.97 40.88 0.91 2.28 8.63 8.97 0.34 3.94
9 45.00 44.38 -0.62 1.38 12.22 12.66 0.44 3.60

[EEN
o

50.02 50.85 0.83 1.66 15.35 14.51 -0.84 5.47
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I EIREHE R, MIRZERIEAT 73 N LR LAy B, UM RS
FE T o /K FJ7 [ AT 4, 1230 B AR & 50 50 75 EE AN Wt o5 I & H AR
FEME AR R N X SRS, It DACERS 2 56 UIE I oIt DALE AL B RN 2825 (RS 2 B
W, #SBIM—ERiRE. HIRE VBC 4t A g thard— iR, |
TIREEBFRNE R 0 A FERNN, FOI B RS BE VR 22 B T8OR, AT 520 22 458 1) )
Wi B, FAXARIE, HRAGAGIEELZ., WERE, bre kR
ZR GBS B 7 AR R ] o AH WP 38 S A X R ZE R B R, &R A AR E
AT BRI AR A R
5.4.3 ERESNEHFFMIENE X

M HE Bl H FR AL 2 I B S50 R FH B R S e B A& 5-3, 1R R G
JERILR|Z) 40m/s, XMW RGRME TPk, 2T VBC R4St
B vk EUE AN e — K G AR R RS , T bR @ BT A2 Ak vt [RII
P8 mnE Iz 2 a5 B 1 BB AN R E R IE I AT E ), EeandE — e R, B
FHIE R TCVESCRFNN B 77 5K o BRI AN T midtia 3 B bnill &, sl e in i K
B, EERHE R R E TR, I35 20 BRI E, X
G755 N RERAIALIEAT VBC A SAt1E, AT L &

ZKI A B R A 10x34mm IR 5 BRI, 7ERR IR BV N AHPU 1538
ERFE A, mRd AL MIZE Y 1500, kAR Y 60mm. I i85 XSRS V46
R, BAIE RS R AR A7 B, A A T BRER I &= H A5 118 sh ik,
S SR A 0 7 4 1 E  (Aa, Ab) = (=12.16°,—12.00°) o 3 -3k [ PR 4 45 2
GiiniE TS SIS, AR BB EMW R, 2 ik EEYIaap B 6 sk ER,
BB 6 TG, JE BB 6 7K EIME . I 0t R 21 5 2 56 B 1) 4R 85 e % £
F, i AR VBC BIo2 Akt DUEEANB B )46 UG B 2l R
BATARE , RIFZEUER S mdia s B b VL SHRE, K986 BGOSR B AH LA bR
Rl B LR B AR R . ARSI EIEsid Y, o IR R A
HRRETE LR, LiRE] 74 sKEME, XN RREAMRE M FE e 1 320, ARE
T AR K G B R N 0.43°, 7615 B4k RGO HR B3/ FE
I B R 2k VBC AlitE EEAENLAE T 482, INTTEAT o H bR A7 2300 &
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PIaapr B e s B ARRIE T A 1, B AL E 5 BRE ISR A (7 i AR
BRI XRG4 A1 BEATI AL+ A . RIAR N BEWER 7 W BT R 2128 17 wil R, H
PIaEG 7 BB X R R 5% A1 O (Aa, Ab) = (-9.15°,-8.99°) , AL
Rk 5-9 fow, MERERRGEHEAT i, HAE & _ERIEZh 3 JERAS B 2R E
BATIEE .

BT (A a,A b)=(-9.155-8.999) 9T (A a,A b)=(-8.295-8.139) #1157 (A a,A b)=(-7.439-7.279

13Mi (A a,A b)=(-6.57°-6.419) 15 (A a,A b)=(-5.71°-5.559) 17 (A a,A b)=(-6.65°-6.499

Kl 5-9 iz HrWaak B 6 sk E&
RIUAIY B LASE 7 WOE SL A 220 MG AL bk R AT B s, 0T 43380 20 0] BGOSR 2 )
FEAVAHNL 12 3l B b T 1H 000728 #  (-17.96°,18.95°,2.18°), il id LA FHI4R A7 %5
DEE A2 45 B YI a6 B Bemnd iz 3)) B AR s sh s B an & 5-10 s

Initial phase

2850
2800
£
lg, o_ o_ O _0o_0_0_
2750 —
100
A
2700 -200

<700 -850 -600 -550 -500 450 -400  -350 -300 =0

X(mm) Y(mm)

5-10 IR B 6 Tk FBO I 1 2 A1 P32k &
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Hh EIRY B2 3l H b5 00 B R G i — AN B, R DTRG0 e A 2
MAE B IE R R — B B TR BONER 25 WUEMG T A6 2058 35 MR, HA)
g Eg 28 25 M5O 3R EUREE M 04 (Aa, Ab) = (-1.41°,-1.25°) , AL
FapE 5-11 fiors

H25M1 (A a,A b)=(-1.415-1.259 EB27M (A a,A b)=(-0.555-0.399) F529M (A a,A b)=(0.3150.479)

31 (A a,A b)=(1.1751.339 #3301 (A a,A b)=(2.0352.199 535001 (A a,A b)=(2.89°3.059

S-11 355 H AR BB 6 HKE R

HTEIBY B LA 25 ioOnt B2 FR) 2 () MR AL bR RBEAT B, AT A5 380 2e 0 BHGORT JB
(I RESDUAR L 5 38 3l B AR I AL 1 B2 29(-20.76°,3.12°,1.28°), i L L 4IgR{L
R AR I 15 B R R B s B an B 5412 FIR

Intermediate phase

2850 —
2800
E
=
N
2750
100
0
2700 P
700 B850 600 -550 -500 450 400 350 -3p0 OO0 Y (mm)

X{mm)

5-12 FPIaIBT B 6 RGO LA 2 ) 32 1
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B E M B iz 8l H iz &l R G — AN B DRI I M AR 42 1k
fd, BB, 25RHBNEE 44 WG4 315 54 Mg, HAaEIG 58
A4 WiEME) XN X R S S f  (Aa, Ab) = (6.76°,6.92°) , 4145 SR 1 &) 5-13 i
Ny HJE R EG TR R, B AN B o

4411 (A a,A b)=(6.766.929 #5461 (A a,A b)=(7.627.789 #4811 (A a,A b)=(8.48°8.649)

L« m m

#5501 (A a,A b)=(9.3459.509 #5521 (A a,A b)=(10.2010.369 54T (A a,A b)=(11.06511.229

5-13 130 Hbnfmbr B 6 skIE G
e i Be LSS 44 WOt BEFR) Zc M BB A bR SR dE AT A, TS 2122 (0 BB Ox
H R DAL 32 2l F b T A7 2 A SN (-23.19°,-14.05°,0.88°), i BA_EAI46
PG AL I B A5 2 ) e e i Boz s B i 1 5-14 ffs .

Final phase

2850 —

2800 —

E ® o ¢ o O ©

N

2750 —
100
0

2700 — L '26‘1’00

700 650 600 550 -500 450 400 350 -300 SO0

X(mm)

5-14 JE MY ELRT 6 5K FUG T N A 2 18] ik
mE 5-10. K 5-12. B 5-14 Fion, BT =0 B G K ) AL bR R AR &
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LB K B 500 L R T S AR AR 2R b, AR SRS (e IE I rh, T A AR AR R
BB LT AR AT, IR EE(Z A BUE AR KR, X Hid T2 AU
JIRIEENE, 385 H bk T NRGE s sh, AR E N, X &z
N, Y A2 E A, BRI Y, HARES MRS B AR S Y 52
GBI A o K =g B BEAT X LE 70 B, XUIREE A BE R T O° RN, IS il &
HAR IR AR, T U AT S AA AR 2R B s T i oz, 3 X Bl Y Sl
TRANEW, SIECNEES . SRR, mEIE sl H AR R I R S A R AT
S HIZENIE, WU AR I SRR AT

5.5 SFEEIR IS
2 5-9 5 H A& 5k Eu i
WA o B SR 2 IE A M VEH
EZ et 6% & ik
& S +HAH A8 1.9% AR L3 -
PR AR ML+ DY iR 85 52 1.8% h h 50%
FAAH AL 5% = B 100%
Z ML 0.5% 1% = >100%
A+ XUIRBE 1.96% B B 227%

N3 5-9 P, EALENEIRZES, SR AR, SR E
T, HAL B IR IRZEAG L HARN 0.5%, ASCRH A S BAPL IR B,
EEH R BE BB T AN, R AUARH LI B 2 26 K B/ T BB+ DU SR BE
R, H R R ZENS T AL IR G AR . WG AIE B b, Gk e
FEFARNL, DN P R B R D, AR IR G TR Hu s, (HEk
DEIRIE, AR SCR A HARHUINOUIR 8 h T FeB i B A o, SR 2R e
R, HERTERE S, ATIEIREEE . WA i, AHLA B i
B, AR EE AR KA I B VAR B, RN TR S s A,
HOHHUINIR BRI EAE AR+ 2 ML R B fJa, MIEEHE BT
XFEE T, JE TARIRER (I R VR VG B 5 AR B AR IR AT 0, LW 225 S0k
RIES, WO SR IR (0 I B B AN LB B SR L AU B Y L 100%,
ARG R T iR B T B R 26, A 1A BRI EE R, 2 AHBLE
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055 O TSR P AR AL i o A ST A T B T R R R B2 K T
GER AN U= e 5 P SN K 112 VIR N 8 SN s (A i 9 P S = N e 7 o
FHBLE 2.27 1, BARHES W 2.5 /Mo

AR, ASSCER H I BARNUISR B (I B R e, ECRIERE FERE R, A
AR G E,  BUICIR BAS FA R IR &

5.6 KENEE

FEARTH, JATRINEE 1 s sh Bl E RG0SR T 6, IFXHaEN
RBEAT TR SRIG AR, 122 B Re e SN mnd s 2 H AR B RELER B FA
A ORISR B AT RT DAAE SARBL B R — B AR EEAT R . 45 ok, ARFEISIE 1 IE
ik, R kG FEAUIE A1 25 AR AR AT 1 RS Se . MR8 5 50ETHR
ZURHEHTHRYR, RHAIEFECIEEMTY, BT IREN 1.96%,
1117225 285 A BT S9AS IR 22N 3.29%. SE R SR )m, BT 2T Uk
PAFEEHER SN S E, A RGERMET VBC BRSNSl AT 1 38 se s,
HoP A BARXHRZE N 2.89%, TSN IRZEN 3.99%, AJEHI &5 IEAM
VDID SR fJa 0t 7R RS0 Endis s B AR i s i A,
Xt R AT 73 AL ER , S5 RR I BA TR AR IHAS E TAF, IESE 1 A SR i
THRY AT
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FOE DEMEE

6.1 B4k

A FEZEW RN A B SE misia s H s B E I . £4i071%, 3
H 3okl & B AR R FEAE B, TXUE M2 H & H T e85 3 B AR 2 E
[R5 W, S LUK v B BRI AT G AR . (IR, W E A%
MR AN E, BIEME B . b, M550 B R B R 5 i ik
HFRR= AR, WG a i G AN I . A SCHRE T DL, SR F AR LR
B S, FH IR IR R R =l i sh H bR, W ELSASBONTE M I EUR . [
JE R B B HAT IR, NEREEI SR AL T B SR . Bl SEIR eI =
YEfr B EFIEAEZ RS T RIERSE, SEL T ARG & RE1E mdiash H s
BASTNE IS . A BT T

(1) AT SEHLN i dE sh B bR AT BB A = I, ASCt 7 — B A
WU A e F AR DI R 48, 1% AR 45 b S AR L T K/ B R B
1l RGN YAL AR R, T SRBTE RALARSE, M TTHEAT = e &
[ A LR 5 e B RS S T e, AT 3k B R A 0 R, 38 P A [ 3 3
B E AR BRER AT, Ak, AR SO B WUIREE R G I HEAT T AN
BFERENLE OKFEANAD . AT A B E . PREEE 1k LR ST 1
o e, WFECAMT T KT R R #f R A R

(204 T SEMLXUIR S 28 Gint H bR B K0 B R BRI B, DU 455 P e s A e
[FIH, AF S0 R B e i 5| D 1 R A LA B AR At 28 DG B B 3 Ik A 9 RUHiR 6% e
AL, R LA VBC WM LT A2l 1h . BT LRSS At 7 1M
DISRASHERA AN S8, 2T VBC BIAMS il oh 7 6 IR T #7255 R 40U AH
PUBL B —— X R R, BT RELMTINRIRZE, F)a, it g i R Asks
R, KIS 22 G B[R — AR R T HEAT T E A A

(3) 7EFEAURE IR R G MM EAIZ SR TS, RN ELEE)
H AR R A AL 7 4. Bk, XHARA R G T MEM . 5
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FGE BT A2 (I &7 AR, A SCRE =4EAr 2 MR FIE ) ey, I
06 57 20 B AR SO (7 280 B o 1 7 25 TN B P T 5 F AR AE T SR AR bR R R I =
YT o N T ORIEIEAERATE, A2 BN E R ALGERINRE Ok, 2T &N 4
4 Hough BELZANY Sift FRAEAUVLEL. EVIMGEENES, HARNEGTH
PRAILXT N P SR T G2 e A, WRE H AR TR ZR e Sy RS, A2 VL ICRRAIE 5
, FRENS P2 e M R I 1 — R AE AL, AR SE AR = 4B R3S o AN 22
AT B AL DRUEHRS B 1 (R fe AL 7 B0 B, R 22 EHBRFAE /UL E 5 1 = B HE Y
Jrid o B AR R T I A BB S 2T A bn 2 R (1 22 A0 AR EAT UL IS, 0 A5
FUPNALA [FI AR 2 T B = GEARDR o R 2 AT AR AR 28 R (10 =GR AR BR S e 21 T 57 A s 21
o RJAIEE AL, 7330 250 B AR Tt AR RN B AR AL

(4) FEATRIRIOE . SIS S 1 XUREE I &1 & MBI, midiz 3 H Ax
KA, MKIH R R GBI . SKIREE KR, & R G Ae i 0 S 2175 M i)
BRI ARG BEJE, DLEORE FENUBE (e ki, Sl b H AR A 250 &k
AR SA NI MERATE . SEIR At KRN, AL BN E R EIMIIRZN 1.96% , L35
B IMN IRZE 3.29% o M5, AT TRANIZE H AR E I G
Moal & H br AL AR BRI ER f I, SR VBC JiiE it AL 4
2. LSRR, AN E RSP RN 2.89% , LA E KT SR 1%
ZEN3.99% B, X wniE HARBAT RN, WA 2R A LA ik H s
WSS &, S 1 BERA R

6.2 REE

RS AR R A 1] R0 A2 B A G S B, RIS e R T
HUMHLIISUR B B R S, I3 3 S BAIE S0 (0 T AT, (EL el TN )L S
Stb. AIRAENSRE, EOHZIRB T TR DG 5 R B, R T S Skt
S R e RLHEAT B ST A IE, LA 1) A F

(1) SR 6 K 3R P SR o A0 AR LN SR (N RS AT R, (E48
37 TR I L O B SR T A AR L T BB 3R, DB AE R ST AR h &k B2k,
FRT L X 252 9 P A O v PO R, L R 8 2 T O Yt 2 B Y6 28 P SR 2R
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Ja T DA I S5OH BE K AR 1) ' RELR B N S5 0l 2k 14 5 P52 AR e 56 016 33t 152 S 4 1)
BT R B AL o

(2) XU G & 2R G00S PN EAs B2 AR5 I A0 AR AR I DU IR B 00 £ 2R G el
T EE R IR GRS A — H AR S 2[R — 0, S 2 AR X H R 2 B B
%, AESLARRL eI B, A RS P AL T8 A SR R B B AR G, B (R 4
LR R RS 2 RN BN 2 o i 6 AT DA 2o 98 oo 82 PR M2 SRR v R

(3) WHRBLER ER R G2 5 B e 8, IRBER A B R o7 B =70 il it
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