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Abstract

Abstract

Research on handheld structured light measurement technology

based on binocular vision

At present, three-dimensional measurement technology is widely used in
high-speed trains, aerospace and other precision manufacturing fields, in which
handheld structural light measurement technology is welcomed because of the
advantages of flexible operation, wide measurement range, measurement accuracy
and so on. However, due to foreign monopoly of technology and other reasons, the
domestic research on this technology started late, the development is slow, and for the
box, frame and other large depth measured object measurement results are poor, it is
difficult to achieve the requirements of high-precision three-dimensional
measurement. Therefore, this paper studies the handheld structured light measurement
technology based on binocular vision as follows.

(1) A handheld structured light measurement system is constructed. The system
consists of a binocular camera, a planar target, and a structured light sensor, etc. The
binocular camera is used to solve the positional solution of the rigidly connected
planar target and the structured light sensor, so that the local contour data of the object
measured by the structured light sensor can be transformed to a unified world
coordinate system, laying the foundation for efficient measurement work.

(2) A high-precision visual imaging model for multi-depth-of-field targets and its
calibration method are proposed. The method is solved to obtain the true values of
camera parameters at different depths and applied to actual measurement activities,
which effectively solves the problem that it is difficult to further improve the visual
measurement accuracy in the field of high-precision large-depth 3D measurement, and
designs verification experiments to prove the algorithm effect.

(3) The corresponding image processing methods are designed according to the
image characteristics of planar targets and structured light bars. Firstly, we use
grayscale transformation and image filtering methods for pre-processing to remove
noise interference, and secondly, based on the analysis work of traditional algorithms
for target detection, circular marker point contour and center coordinate extraction,

YOLO neural network and Hough circle transformation algorithms are integrated and
i



Abstract

selected to extract effective information.

(4) The systematic measurement method is studied to establish the camera
coordinate system, the plane target coordinate system, and the structured light plane
coordinate system and solve the transformation relationship between any two one by
one. Among them, after analyzing the classical structured light calibration method, a
modified tab-type stereo target is proposed for solving the rigid body transformation
matrix between the camera coordinate system - structured light plane coordinate
system. Finally, the joint calibration results are applied to the actual 3D measurement
activities, and the reliability and superiority of this system are proved by the accuracy
analysis of the measurement results.

The experimental results show that the accuracy of solving the attitude of the
planar target with the parameters obtained by the camera calibration method proposed
in this paper is nearly 1 times better than that of the classical camera calibration
method. The image processing method proposed in this paper can quickly and
accurately extract the ROI area, circular marker point contour and center coordinates.
When the rigid body transformation matrix solved by the joint calibration of the
system is applied to the actual 3D measurement activities, the average accuracy of
multiple measurements can reach 0.03mm, which meets the industrial measurement
requirements. Overall, the system can measure the whole object quickly, accurately

and efficiently.

Key words:
Binocular vision, Camera calibration, Camera light center, Three-dimensional

measurement
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bRF, AMAHPLEFIHLAL bR RIS PR . Bede 5 Ia AR & KGR R Foo, i
XCH VLR RS RR, SR 8P C, LT4K p, INULEC =1 p, IidFR . R AEB VI
C, Vo N FHRILHC =, SRSt S 7H . ULECHERR 2 252, BFF
NGRI p~ p, 47T = PO,0., H =M PO.,0., 5% FH C, 22 T4k
p,e,, DRI RAEAZR 11 C, KL pe, EAERILHC A p, WIS FEACTHE A . Y
ZyF ] AHERAE AL, MRS Cy LR AL py sRAFILAEAZ T C, _bXof 7 AR e 75
e MM IR, JFH— %R mARIRIF KA RILEC A p, VS,
AR IE M RIS T A, W 2.6 AR .
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""" o‘//‘\/q
v V

O, l X, (&
Y,

¢

& 2.6 ZREAIEERINE HEN R IRIREY

LA B SO ey~ pye, AR IE R R — B, Rl p, 55 p,
HIRE AL AR AR A . IXREFEBEAT U H VEICHT, AHRAEGF 1 C, PR 555 p, AL R
HAF IR ER p,e, NULEC A p, FIALERIA], KR JIsHACR.

BE—2B Y, BAT 7 AL 5 AR AR 2R A 11 Ja B H AR AT DA T 54 1R] A
P EAINLAL bR 28 N B =4EAR bR, LA I X A G L AL B an ] 2.7 i

7N o

Cl
0,
<
\\\f
~< xl
\\
q‘o\\
1 N
b S~
~_
0< = <
f ~--- N
0. TTe-al T~
2 xr ——— ~_ b
O \\\“~:\\\ *
B
C, P(x.z)

8 2.7 ZREAIE RN E R GEEHE

K 2.7 1, B A= A AR AT AT R A

X
Xl
X—b

L X e (2.10)
f Xr

Z
f

_y
Xl

z
f

Y
yr
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BIA(2.10), FAME RG2S BAER — 53 P AEXH AHBLARSR 2 F i =4k
b, RIEXCH Mo = 2500 6 i 2

(3) SOt & 5 B

ZERA A IS A 2 T 08 = AR O C URE B M AT R BRI & . 5 5%
SERCAL IS T RO CIRAE BN R T HH— 2R s 06k, ced £ ki
KRG S TG AR AR AR P Y CCD AR IR0, R S — 1R = %
ROk SIRBAE S, PR ROCRSIEBE SIS - MER A S L=
R e, B RDREBOCOCIRT 02 S CCD AR ISR
WK S =AU R R, DS IR RS ERESHERAS
I ) 2 T S ) = ¢ 2 [ e ] bR RO A 3, NATTRS 22 SR B A R 5
PR RO = RN ke,

LER AR S PTHL WO N A BEAS R 2y it 205 B AR, B AR 1Y)
VEREZE 7. M SURE SE A AR N R 2R I B8, i LA SR R S Re 1]
HATHE w0 EAs AR E M . Kot BN Aon s - K 2.8 s

N
x .
CCDiERES
B B B,
ot
JZ
iBEE
5 <
0
"1
4 bR
b a M
HEA 1k
4,

B 2.8 Figtte Rt ES N nEE
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Kl 2.8, WOLAS RS H 04T & B e AT AR R R B IRAE Ay RUALTE IR
SoBE, WOGHE R ARG G UL o AT —EBiR CCD fBIRS . L g A
FT7E B, iAo AT SEBRI B SN, ASTHBOCHT R A LR A RAL, y
NS BR-F T o T TR T ELRE S, 22 50— B BT 5 BB AE By RUAL, BERIRION A
RATRHT AR B x Ros CCD AR G-I By 5 B, sUAIK-FEEE . #E—2DH), K
13k A SFE LR A B, TR IEZ B AB, T A M, it B SfEE L AB, L
FEARLEL AB, TN o AO BNVIMASIE SRS, Rk ieE,
KEIEA,, BO BABSENES ORI, R g, KEIEA,.
XFELCRBAMER R T —S AL =M AAMO . ABNO, FH LI FKEARK.

AM MO

S e 2.12
BN NO @12
AM =AA *sina =y=*sina
B,N =B,B, *sin # = x*sin
: 1B, sin B (2.13)
MO =A0-AM =l —y=*cosa
NO =B,0+B,N =1, + x*cos S
e Q12K 2. 13) 75
Xhsing (2.14)

- I, sina + xsin(a + )

BE—2D 0, FATINES 2.9 Fros #E G g b al 458 45 i e i 2K

R@15F, | FoRMEEER. BERQ.1575
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A RQAHMRQ.16) AR y £om A

yo Xh=0sing (2.17)
fl, + x(l, — f)sin(a + p)
QAN BIAFTR B B IO RSN AR 5 R 3R A5 3 4 2 1 30 S 1

= 27 A) R 8] R R AR
FOLRH A S B G, KO T NSO L o TS MET A ATk

SERE, FEFR R AR 18 SO IS T 7E CCD A% 84S B, skt 5 CCD A% a8 F I &2 g
BOGR AR B B 2.10 Frs.

CCDIRIEA
Rk B

|
4 I e i}
|
¥ |
| a TR
|
|
|

2.10 FHaSete R AR A R EE

1 2.10 izt A= 5 % AAAO A1 ABB,O, BATHI LI F% AR,

AA _AO
BN NO

AA =L

sina
BIN=X*SINS e, (2.19)
AO =1,
NO =1, +x*cos S

218K (2.19) 7T 17
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y

sing_ _ b (2.20)
x#sin B |, +x*cos

BE—BH, RARXQ.15)7] 15

_xl xsina *sin g
I, + x*cos g

Q2D RN FR R RO R SUE B AS 5 B 3 R S IR T L SE
—gEr ] AR B R Gk, RSOt =MIETL, WS CCD & L&
s LS B i BV AT SR A0S B P R A B, AT 76 BRAS R4 Dl Al s = 2R & AT

2.2 Rt

SR Abinll k=S 2R TEE RPN e ORI RS IIE T APIR RS A e
PR e e 24 ) s PR R0 0 e B T AE AR 4 v 3 B B o B 5 A I U e R e A
B WS g = dERe B A A, e ERIINEOEE R L Bk R AR
ZHPGE T ITEAL KA TERES IR s M0 A5 DAL R N E M el B T TS T4
EMPCIE R G DAL 7y, S B BN A ) R i = 4ERC BRI T
FLA 3 25 o B B P R 15 55 S PR RE LI M B R GTIRG JEE o DA A o 2
TR TAE R R E L

2N

—
it

2.2.1 PREERARIER

PUGE AT SR OO Fr A B FE AT A & 45 (Charge Coupled Device, CCD) #
PO F Tz, HSe g —FhE RS E, Rl _EHESE V2 RENE NG 1
R, RO F BT ES . &R (PixeD FN CCD _EHMARIRUNER
Yolst, HAcEMZ, SROEIHHENnER. CCD MPLH T HAE Sl
VEARH 4, MLUES CMOS PR UL A KRR, 1 HARBUN, HER. A
S BAPURKIRET 0. CCD AHFLTARRS, J6ZAE e bk
WOy rA, SeBoT T2 2GR SR A R i 2B AN F R R R R
T, CCD B &AEHUTlFIIE BB BB ds (A/D) b, BRI
oy &, BRRATES B e g s A5 P NG, BRI s 2 1 34 TH IR
— i Be,
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Sk AR YR T IS EHRTE IR, G T S T A E I s, A
PR AR I )RR, ARER M5 A SRR S B, b T e 73 0 s P S e o e
TR GE I R ST BT R A5 38 5 b B 1) = 446 R 45cais , DRt ik
FIAR AL 23 3 2R 1A 31 1920 %1080 pixel PL o

25 b, ARRGuER B E AL A OB HY-800 TR HLETA R, W
211 Al . HABE CCD AL A A% 1/2.5inch, B RN ~F1.62umx1.62um, #ix
1 ] 15 3840% 2160 pixel [ 5 30fps FIMUEA RARIE 1 I EAS B R 0%
USB 2.0 4 3% H A% H 2 2% R A B 42

2.11 ZRIHHE HY-800 T IBI&H

2.2.2 Gtk RRESiEE

A P38 v I 45 A4 D A I B 0 BB M8 SRS AR S B A D0 s = s » (R RN
{DEAE/aa =i =A==y € SNy | IR 1 VU= (e = £ AN DY (AP e s A
A7 R RS, (BT AR )RS A e I 5 7 B3k AT 22 O R A RESRAS ¢
B =R RE RN S8R SR AR, AR LR T AN [R] 10 SO R,
I e 2 R R M SR U = HERCJETA I

WRYEA RGN EAE L« RCR BRI 5 5 R < Jm =5 R 30, B
L I B R N « BRI i 3 SN AR OGO BUE 28 SE B M A5 e A%
S, b BN B N R E A 2 R R SR AR I RV L s 7
EIRE R, R M ERR RN 7 ) = 4R B RS . 2R, AR
GuEH T HAREREARIEFM LI-G200 4451tk EAas e vl & RGO
HNFER Sy, Wk 2.12 Fros.
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Wlpbe-2tgs
e

M

& 2.12 HAEES LI-G200 &5/t %8

S LI-G200 L g5t eAt s 1k R0 . #EE8i. 2D Erostar #)
Bifl B*-CMOS BB IRE TR H SR BOE R 28 R A0, M e
JEGHE Y RAKIR, B85 WO I 3R 1R A8 S, RS b R R A
E>-CMOS S LA b, FELI B A se B . HAH 10 2 B RG24 50
(MFL) 333 45 U 5 Ax ) & HRARAHOC DI, AR AR . B K34 o
S5 N FH AN IR Th 22 (R0 DABSUE 56 280 RIS B0 Dh 26 ] AR S5 AR AU
HAx¥. Jeiliys oo m R 505 mAE, 25d 8t s T B 2D J7 o
PSR S SHEBOE AR, B PO N8E 41 K Ermnostar 2088 K KIRAD RGOS B, T 3R
ST SRS LI 2D R0ER . BRAN L T INHLES SR Bt 1) E3-CMOS S2 8 4% 1% 28 5
VO R AL G AL IR 300 5, JFRARTEER) S/N LU, IXFETCIRHIY) St %
e (AT e RGN A . LI-G200 W BB &5 i s B S P refadn tn & 2.13 A13E 2.1 PR

E*-CMOS

[&] 2.13 LJ-G200 Zk&E5f) FetE R N E A A E
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2% 2.1 LI-G200 22515 RRgs I BEFR#R

ZH Z#H

SRR 200 mm

I ity 51 mm

i X ZERE 62 mm
L Yify 73 mm
Z Y +48mm

eyt ARER S LN &

IR K 655 nm
it ThE 0.95 mW

HEER 180 pm

A S +0.1%

fih % 1) % 3.8 ms

2.3 FHIEBFSEIEIT

P AR AR TR ARG I B AR e 2 1 5 8 0 H ALK A 45 #4 ' A
LIRS U SYID (SIS P Ne S -9 62 Voo i TR WS Ee Y (b L Sl [ b - R
FARDLE X1 i #E AR ARSI R b & R AT BRAR T A 5 B R AR AR, AT R — 4E R A
5 B AR SR =2 (1P I #EAR S (R R S5 S AR IERE T, AR s
FRAB B I« B R o0 A A 15 BTS2 0o 2 ) S8 A A SR SRR A s i o AR
SORE AR S RSB E b b R S A et AN T 23 AT A

2.3.1 FrERAT
(1) RIGCWE

RN LED (Lighting Emitting Diode) & —FPHifl{b e (Gap) (5
PRPRLBTH U RS ELHR B AR I AL G RE I RO 88 e . LED SRR F7E T
REAS T2 B) L i LR G . ARG, (EHAmK, 490 — @ iiiis i n
BIVRT A 5 BB E IR DG 2R o R R RTRRAAR A5 FE A BB AS [RI R R G B R A [
SR FRRAL, H A RSB I R RO TR L s B R R P RO
TR AR RS . BT =S RO S R B S A o A R
A%, WBPAROL - EMH MR B (Gap) S5AEL, IR K& E
JE R A AR AL (GaAlAs). BREREHILER (GaAsInP) 2544k}
LT AR AR (0 A SR 08 R TR, ANIR] SR T B R e
AT WL G, RS IO A 2.
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9 LED FUAFARE S, f5e KA il RLAE 7 2 R BSC ILR B B 6 RREHs K
RECMARNLIA S R o 5, 3R 11 IR BT X =27 IS AR O AL S SR AR B, Rl
B AR IR R .

(2) B R

AR, WS I ] S WY ) — ot R L (R S S AR 45 (8 b 2 A 1Rk
SR B U2 RIIE HE, HAR R t EAR L) 9 50 m R 3T S R B ek
TR ST AL, 3R KB ARG Lt B G i S PG AL, AT 33 (6]
TS B RER e o[BI S b s R S S 57 P B L 78 B S A i it B s
WOREI PRI A G AR BRI R LA SE bRk ERSHE i8R, o —EHIEER” 19
R R A AL B PE R RS o (B0 S S s ki s AERG 3 L B sk 72 N
B4n 3M 23 =) AL 7 B P TR SRR AR AR A Bl )RR e ST R AR )
JR 1 SR 25 B A0 DD SO AR RS R C N S R A b R o i R
PORAER SR LT A A 2.14 Flos

A R
T

=47

S .
s * iy 3 4
A ) TR 8
s Y

B0 S S AR A R AR R R R, AR, B 5 T2 AT I S AR AR I
ARG AE S i Ay BEVRT, RN R BRI 11 i #EAR RN XERE TR e 208 [m]
TSGR & SAF T TS bS B RIbR S AR 258 E.

232 RERBERS

P FE AR AR A ECR R AT R R R H ALK Z5 A O B e AR
FRER o — N EERR, R Pims biss aoEid b BEME A, WA S
HH I PR e 3 A2 BRI R I T S OGRS ) L R AR S B 2, oy
AT R, WG ARGE IR PRI e RS . [ A e e T
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TSR AR L SR )2 A —— A G e 2B U & R 4 PR U BORIR N, N —
—fEH 5.

TR R LS55 T —Fran B 2.15 Fos e gl =4
ARFR AL I R e, HA X AR “n BRI (PoP)” {8 H VRATHERE
TR, DGR Y “ILL = AUE MR (P3nP)”, M5 H A Y&
MEE R T 85T 3 0F, PP W84 R 216G IRECE AR, JERATE RS
HI—3H = A LED s bR E s MR ARG T Hbr e Rt
BT S 122 T 7R PRIE =AM R 50 Sk O E— S B2k 1 HARAT P
AN R RIS B G 3R LA, 383 S0 IE B 2R GEAE — oK AU 52 3 ) A A e s P vl
0.365mm (Z J5A)+ 0.05mm (Y J7 ). 0.072mm (X J7)).

CCD HH&HL

AN

fih 52 94 Sk LEDs

eyl H bk

il 5L

2.15 REX PRGN =HLIRIN TN E RS

AEFRIR T E NS ARBT TP AV B S it 1Ml 2.16 B B
BAVGE N =GR E R GEen . 12 R G0 HIE AL AR Z2 1 S B 25 75
Kb T LSRN BRI 2R S8 e 1 il R 22 R R R, A X A A5 R B ) L
Y. I A A R SOk Pl SR =R S ROGUR, RIS R B A
AR =AM RIS, H A R ER SS AL R KN A A, B RTSRAGE—
i AEAE LSRG RS o, Sk B A O (R B RS AR MEHE R RAT, {E
FRGURG IR FRAC. A R FEIbs & A, BRI ROU R RS, 2
INT RGUERE R SETEes . IR ZRGIEN T A mOCIREH .
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FEAZPLI ﬁyé FL
iUk .» -

5 {‘ﬁi XN

.‘ IS
N

°
LED

2.16 BUREHALEXN =L LIFNE RS

FERHCREE) DONGRI S S50 I 1 G AE AR & w8 UL R IS4 L 5
Migen, RGN 2.17 s o AR GERIL T )\ be il SO GEE A Z 25 7
ATREATHES N, T2 Thr & SBCE AN AT LRI AN R AT B T ARYE B HUE AR BT
THMOGCEE, RIS 7 R VL EChs & R S R Sk SEaR 2 R R W] bR &
s ATREEEAN L — R VE I, SRS A B TR R G R S, (B
M5, brds s U 5 IS B 2 1R 58 RIS SR I .

T \\ .
B 2.17 RERERBBUEXTUNERERF M

BEAt, R DMk R ZE AR M T e AE5UE BRHS R A A2 /N P onZE Frit ST Y
SEARSERRRE AR M T 2 07 LIRSS 2 Fe TP AR THESE T X0 H AL AL AR 4
PREARTIE T AR RERR I (N D5 R EE g, ik 218 Bros,  H YA i 4 v %
Fehr S R LA AN, AT 5T 1 B =45 BRI KA, {RIR]
I SZAREERR BT T BRI T RRAR T F | AR 28 3 0% 28 SRk PR e 55 1) AN ]
2B
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H2 B A 1T
I mE A

2.18 M{RERERZEH
ZE b, AW TR PRI Rk B TR B IR AR g Tl A, &R T I AR
25 R BETE DA 58 br i L TR AR B B S &R, AN S 3 A LB 1] 14 [ T A &
BB T FHRARL M A, AR AR & S B A EE BN 25mm, TUR RS Rt

BEARAE T 2506 Il & 5 o SR AR RS FE A R R A S, AR RS0 HE
WA e, PR E i 2.19 fras.

[ee e

e ||

219 FHREDI N ERGE T EIRIFEHIE
24 AENG

AT e P A DI & R G AT A 4, JETEA AT T ARBLIR R
BIRHE L BT 0 A AR = 4800 & R BEAT S5 A 6 I & R P AR R G oh Re
Ry ISR AR S AR AR AR S IS R bs, RO 1B FG 408 HY-800
TAP AR B 1 LI-G200 LS5 HEAL KA TE A R GBI G 75 e
X TSR BEAT ST, BRI B AR RUROSRAY L B S A I U R G
RN BEAT I I, B 0 E AN R GE T T FEAR AR 5 1 B0 B AT RIS
HAR T FRARRIE AT A M B ORI 7 R GERREE Ral SEdE, RN 5 1
THARA HASH ARG E IR
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£ 3B FHAGHANERERENRE

FHMLZ b e BRI RR 5 78 2 1 O 0 = 4ERFAE f AR BR RIS R 48 G A A,
B 51 41 Newton-Raphson. Levenberg-Marquardt. i T FES5E AR 2R VEAR AL B3 %0 A1
BN Z. 4b2 . WA REEESHOAT RIUR I A, AL 05 € 1 45 SR
TS RG A e PERISEIR, B A0LE VR 4 2 S5 R 5 ) 16 S P R A AR L BILZR 4SS
ORGNER AT B0 K 52 B SR ™, ol N B T 1% 72 tH 2 it R BRI 2 4R i
FEA SO FE B FHr sNES MG & R Ge b, AL BRI 5 1500 46 M 06 & oo s
LR MEREE T 2 RGURS T R EH 2L

3.1 SHBNFEER EZRBERR
3.1.1 S£HBHFRESE

S WARNUAR E A LA =38 LIS EVR . BAREEAEET H AR
brsg ik, Herp 3k T U ARD LA g VA 2 Il SR AL R e e s i 2 4
K&, RIEERGE SN ORI R KRB S E, ZIE TSR
BHEVERGE, HSIBRBONE U SRR BOR R AE AP
AR A AT R s B RS e i R 2 ST 0% T AR LA SRR ) 290K
JIREHEAT R, BANZSIR T ZGE R TN K3 AR, H A AL
BENMARFA B Z], I SE P BT, BRI 5 20 R G2 A 1 R
SR RRFALE, 2 TR AR . B bR EVERIL R T R e SR, ATk
FELEAREBRAE, (EEPRIERE R M EBEAG 1 H N Va5 T B AR K br 2 A8
FIRSF A HIAR 2 W), 35 AR 8 W) b = 2 73 1) s AL o B 4R PR 0 B
Kz, NI EANLN NS B b e V)T RYE S5 A [F) 0 —4ibr 2 ¥ 5 = 4Ebx
SEM, YRR E MDA BRA AR, (B BEAT AR i B 75 A D RE 5K DL
BB . = e e P br e A 5 v RAE SN T, (H AT YR A v &5 1
o e H AR AOAR 2 IR B S AR € VI st B2 m Bk, (EA752 A R FH 5
N2 7S Bh Zhangt 10759 ARE, FAE A AL R A e BRUEEAT AR E
RN E A A7 2 BT PR BUCRFIE AR R AR AR, i 5 R R THSEAHHL Y 41 2
B, FIRHARZNE S/ —SRA G THARALIR AR R H, B Jm i P AR O AL At TR

25



%3 FHXZMENE R LA MR

WS, HREEWE 3.1 fos.

F R MR
EETIERTENANS

i, a5 X || PRRAEROCRE | | itk
R, FHRREES positon 1 &, witmmman oy L
1B EFR b Position 2: R,.T, ks pLp,

Position n: R,.T,

E 3.1 ETEGNREETEE
3.1.2 SHBHFRES ENEERR

FI 2 SN UAR & 7772 ARSI B R SR LE AT R RN B AR EAT =420 &1,
AN PEE PR A% F b D e SR A P A AE 22 5, i DLIE B g i B 1 3R 71
I ANATT R i WL o B AR e B, RARDLAR € (KBRS 5 vk Tt — 2B it 7,
AR CEE Tk i AR B 240

225 3CRUS 35 PTE B IEARP LI Gk B AR R AR mibr K Herp Tangl'©1%%
NS Tl A% G AR R EAT 1B TEVHAlT, IR RERE I ) A [F) 3 A AT 100
Bro SuntwFE NFRH T — A SRR R AR, iR 1 AR 28 B K St
BB 8] IR Z I SC R, HER T HARNLRER R ZE SRR e R ZE . HH T4
WUEBAFAE G VR, 8] 52 17 3R Wy B AR AR Ty o 18 PO i SR I A2 73 A1, PRI L]
SNSRI T M IE 2 R AR o A EATLE B AR, M H B H e AR VRS B e
i YE B TR AT W LIRTAE 73 A7 AR I T, AT 5 el S

S22 3R woonf 52 E AR R R AR BE AL SR N AR B LR E e e
Shul*155E AN v IR RESE R 2 i N R i e A A R, 4R T —Fh 4 A o
ANCE AR STIE IR E 7 i, SRR I S AR b, ORI W] USRI %
R BRI BT B R & RS IE S B RGN, =i B AL RORE 2 Uk
o 9T SR ERFIE RURI R T 2, Chentna N FH ey 9 RUZE %5 [R] M1 Harris RFAE A1
RS AR A 5 BT IR EAT R Al ks A DN, A5 P et Y AT AR UL IR K B3 B iR
BP M MG LG WS R R A bL T8 AR 5%, R B A Rk
5y TS, BRI Dengt 45 ARt 72 7 BEALRL T HE S S HIAEAH B LR € o Gunent)
FENXS T A A SRR AU E B A B RECR a4 H A A 2 7k
WL (WDE) 2 BUS S e HARME R4 2R . M AR SR Ja A LR g 1 A2
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SARRARTRERS, UGN LBCR B I & K K bR e S, A Zhange
N A ok BEOR SR AR AL S 5

S SRR w4 BT T AE AR AR TS [F) AR SRR O 2 S AR s . o
Podbrezniki«i%5 A 73BT T I FE TSR AIFEIA ,  ET X 4RE T PRI B AR A6 2 H0m LUAME
SKARUEDN SAE FE o Zhuoo%5 N0 G 8 ' X 330k LATH B 1T 5 S506m 78 R B T B 1
R, SR T R T R R IR S AR E 7%, R FZ AR (R RHE s A
E BARGH &M T REE AR AR A ZEN A 1 AN E . Moruss Al
Murugananthamea%E A4 7AHNUEERE . FRAF s 80 E A s AR TR A FE AN S 5
S DR OB R B I B R R, R GRS v 4 AT L AT, IR
b g L R B B B AR A

B LA EXTARNUAR 2 HA 0 FE A7 E — AN SR 10 el /1, B bt FLAB LA
RFEARBUGHARL . NATRAIHUE S 2 8T — AN BH B RS MFTi, 1A T P
F AR LG B R AL AT JE 1, A7 B [ AW, SR Yusoffen Al
Oniga %5 NS ETC AN (UAV) $E52 I E bR € g i R I, 4RHIE A T
RN FEREER, SPGB G REVIRAENLN 2 REG R RAEEN,
TR AT TN & 1 B A 5 B B, (H R ARALIN 15 28 1R A VR P 1
REPATHE— L IR

WeAh, T ARAUAR & AR R B T REAEAT I, AR B SE — A, s
2R e, UG SRR . AR EVEME AL T A R 3 AT R
SHFHANRESERAREHEATEE ., M TRERTERNEENTE,
SemeniutatsOfl Zhansv&E A FE % BR A0 i BET [F] — AHAL 2 VSR BRI AR AL N 2 45
RIHATMARAARME T, R FIEMERRILN S BE, T B e B E R
k% 4 FOBRAR B I 4518 . (HTEIZ SRS h L T-h 7 1 VBN RE AR IIEFS 5 AR
SbsE TOLER BB AR, DRIt 2snt s o4 bR B0 1) B A5 DX ) = A= g, 3L
SRR AN 2 HAE

3.2 BHLAFREH O ES

PGS A O IBE T2 B TR B LR AR E N AR ML AR BB AR AL )
TS TN SR . A MiksSEARYE 10 5 S0 6 AH AL 272 Hh O
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WAL EREAT 70 M. BB Bt R er i LA E. B32FH BN
RN A, B MG C EPrrIE. Y5 EaH 587 EA
H' 23540705 i Q 5B 1w Q' b, W75 il 4507 L i S AL
Jah AA M HEEE H A TIEEE HH =d . 0 WEF ARG 0, AT+
RHSBITERH 2, d'RtHReHh OS5 b,

[ 3.2 HEAFRGPAFFOAED

RAEG 2 AR R, A EARPLZ M SRR

1 1 1
=
d d f .
p g ——— G.1)
m=——=—
AB d

XG.DF, d, FoxY s B 5YI7 i H ERH AR, d RxB B 51
T ERH AR . R BT R F RGO EAUH AR . LB AB
A'B KR /B 515 5 B BIRINLL N AA IR . mBtE RS
BRI IRAEE 3.2 5XG. DA
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