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ABSTRACT

At present, sand table system has been widely used in various fields. In recent years,
the new intelligent sand table system uses the combination of physical sand table and
electronic sand table to display information. Physical sand table refers to the sand table
model made of sand and other materials according to a certain proportion. It mainly uses
laser pen for simple interaction. Electronic sand table is a new sand table system that
integrates multimedia technology and physical sand table, Although the layout process is
simple, the amount of display information is less, and the three-dimensional display of
graphic information can not be realized. However, the current intelligent sand table
system still has the following problems: (1) the target spot of the laser pen on the sand
table or screen is very small, when the distance between the audience and the physical
sand table or screen is far, it is difficult to see the spot.(2) The interactivity of the
electronic screen is very poor, either it can only play the scheduled content, or it needs
the demonstrator to use the laser pen / mouse control equipment to control the screen
display content, which is inconvenient to control.(3) The control functions of physical
sand table and electronic sand table are not compatible with one device, which brings
inconvenience to the demonstration.

Based on the existing solid sand table, an intelligent sand table system based on
image recognition is designed to solve the problem of physical sand table and electronic
sand table; The core function of electronic Sandtray mouse control based on infrared laser
pen is realized, and the flexible interaction problem of electronic sand table is solved. The
feasibility of the system is discussed in this paper. The experimental results confirm the
availability of the core functions, which lays the foundation for the realization of the
complete intelligent sand tray system. The main work of this paper is as follows:

(1) A set of intelligent sand table system based on the combination of entity sand
table and large screen display is designed. The system includes screen automatic
configuration module, spot recognition module, coordinate conversion and cursor
tracking module. The automatic configuration of screen is realized, and the relatively
convenient human-computer interaction is realized by using laser spot.

(2) A screen automatic configuration function based on image recognition is realized
to match the coordinates of the corner points and cameras of the electronic display. The
automatic configuration function does not strictly restrict the space placement position of

camera and screen, but automatically calibrates the screen area corresponding to camera
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by analyzing the corresponding relationship between camera picture and feature point of
screen display picture.

(3) The virtual mouse control function based on infrared laser pen is realized to
realize the flexible and convenient remote control of large screen. The technical flow of
the control function includes: infrared spot extraction, coordinate conversion of spot

(from camera coordinates to screen coordinates), virtual mouse control.

KEYWORDS: Intelligent sand table system; Screen automation configuration; Spot

recognition; coordinate transformation
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(4) ZETHIFEIRA ) 2 DI RE o4 R bR 2

% i S R AR B AR A E A I B o2 AR i 45, I 6 FliFRsg A Seal 1
RBAE BHRAE, FERIH B 3B A SRR A BRI J5 B 1 O AR A Bl s i M
RN AT 4% . N AR T2, EBEAREPA U IFES G X5 IR
W TR TRe, IR FId B A& oA WAR DI RE . AMX BN ] 5 S AL B %5
EIFRIC, R I PO R SEILAEATL s 1 R A ) 46 2 I R e A A, S
FAE T 2T IR 5 5 U . (ER X PR 28 52 2 H R B A R, B AR
TAERRES R 30 K, BEHEERME R, L TIEESRA 10 KA H.
BARIRAEAE — € R 22, HERAE 2252 B — 8 B2 o« IX MR [RIRE HAT TEi2x) Sed)
AT HE H e~ SR DI .

ZRE N B PEaARER AL, H BTV O AH IS i AN Be R R {5 T Ak 5
N Z R E BAS B B AR, AR SO IR TR (1R RAEAT TIRABETE, 785
FIHBOCCPERIE A, 5 RSN S BRI 454 3 7 (8 1) SLBLE B XA
LH.

223 BEFABERA

FIFBOCEE N ANA B, TR AT RN AR PR T IR . 3
BRI E T B AR, R T BUR ARSI . OB A
B2 —F /N B, 0T 2R8I BAskrilE A, BT oA A . b
PESRIL . R e TR o IR BEH R DA FE Rt R B WO BN H 7 5¢
A ] 22 5 BOGBEEAR TR FICBE RN 803 2 MAEE X Gl IR BIfR U7 R 51 %%
LU
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(1) /NHFRREE B i A

XS TSR SO B FE R i 22—, R IR AR 5722 IR £t LOG B X%
2 R ARSI, AT € 58 AR AL B, XA T7 265 B bR oKXt
LI &5 7= A B R EAT 1 8 0 (25 e, AE LS L MERAYE LRI 4R AR 50T 1
AR IR I o X PR I 75 k1 AR AR A A

(2) FET TR ks il

X RITVER T ICTE BRI FEHE T R TARIEAT, X R I7 V56 B ) J LA
RHIEREAT T 7870 107 18, [RIREE T AR AR s TR Bkl 35 5K o bR AnfE A 1)1 55
HURT EIG R B 15 B 0% 06 T 00 T e i 7 5 EL sy 28 X AR O VEx TR AT 1 iR
W, AR I8 X — MRS AT IR N B EE o 7R K 2 B N 3 55 p 7R L)
R B 7E % 2T b A B2 It A () B AR BL ) T 58 AR, R L o J AR 2R AT 3R 3
77 BAMEARE S, (EIFAREREH.

(3) T AR A Al

PP EVE B R URS B2 ARy, JCHR T2 v 2 BARBEE 152 s A B R
A, tetn TR B AT BALE o @A b i i AR B A B AT e A, B
W EREAE SEIUN G A A B AT RS BRI, EPTT I T AA R 1R

2.3 FLSIRERKR

N T SEBUDCTERRA, T XS BT R, AT SE IR S )5 i
BAPIR, SRR A I RLCR SRR AR B A B (SDKD), 5 — fkl
JTE R B AR A I R A

23.1 INREFR

A AR AR AR B A R (SDKD EATMUBICR SIS, JF A
i 2R IF R A R B A EAT 0T, I3 st R B sl A2 7 S DR g
BRAEfR . EARRA T s+ B8, N, SDK W25 € 1 & A X
2, i H SDK AR FE R RGEER M, TF A Tk AT — L= B O, XAt
XF R G R AN R T2 AME

232 HFEMHTRHEFLZE

AP BT WA I R AT MR B 5 30 7 20xt FIL A0S e B 6 R AR 21 1
BRI AT B A, IR VEARNS T SDK SR, S R sl 2 8 e s B 1 4%
IS4 . Windows 1 & NSEILEU AU REE SR 7 BORSRF, F 24 video for
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windows (VEM) $ARH DirectShow AR o [ X P AR HEAT 8] S/ 41

(1) VEM R

VFW J& Microsoft A 7 NF & Windows ~F & I BRI FH A2 5 $E () 4x 4 1
HAL, 32t 7 — RIS HEFwAEE D (APD, P ] PUB X FpdE AR 7 e
FRATA IR « AA0 Gt 6 S AN TS5 30 T R, 3w R FH [0 38 R 50T % B8 53 2% R AR A3
IR, e RO AN 75 28 R 5 4%, 1 BN RO, AT BA 2
PRSP T R ) 7 B o AH R X FAATCR SE R IEAE B B e T IR 5

(2) Directshow 7 A

Directshow /& windows & FRBARMIA REEMET, X Pk REEMTEIRKFE
B B il 7 im AR g A8 4 LA 3R S5 AT - Directshow [ H LS B 5 A H
T2 8 B ) B A% A DA B 2 PBE A 1) [R) 22 el i, AT fei 4k TP & b 22 A B
PRI RAESS o PR A B I S5 44, {8 2 REAE 77 5 (R0 22 b 22 45 XD B0 5L
S AR AE A 15 25 BEAT R4 - Directshow iR 1 3 2 i) 2 PRI A R IR0 AR 1) K
AR DL S SRR AR (] 235 ) RS, R D B P P B s o

fr e

KRS DueczShor T

l Filter Gralph Manager | EREE

(«f;.rif~ ' [l Source n.Transfom_qRendering RS

Filters Filters Filters

Ring 0 *—JL
WA l |Di.rectSoundJ |DirectDmu]
I i i
ARG | | PR | | g B

K] 2-1 Directshow Jii 2 [£]
Figure 2-1 schematic diagram of DirectShow
Hr Ring3 B JZE 2L T —80 COM #2111, 2l TR EMAF & & F0 L2 R
FAREF 2 {45 8. {E Directshow 1, AR HESFIR 2 T fF B Directshow 52
Jil SRR 2 AR RO e 2R FE R R B AE — e R B gy 1 IR R R
Z% LR, Directshow BA mUE MR PE. 2R DR AT RS R 14 45 R R A AR 0
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2.4 RERE
2.4.1 #HLA

HI T 32 B SRR MR 2 (A AL B IR A, B SRR B LIS B 34T
PRI A BEAERR A IR PEAL E o AR SO SRR S 4 55 DX 1 B S A gk AT 17
PRBIE T o B S S HE A T8 BT XS AN R AR AR 2R N HP 88 2 (10— i s 22 e [ (R gt AT 22 1B v B
RIVLHC o AR LRER 2R BIGARXS T B O R R, T RE2 ™ AL — ERE L e
A AL RE ERARAL, T b 2 52 BDEHR SR AT IRFENT s 53 AN Gk R A B L
Bl SRR A . B RE R R, #HEeRER SO R GR H IR
VERGAS, DAl A A HE SR 206 3 ) R AT Bk o I T o 5 e i 14 5 222 14
A BHAT VRGN 2

242 $HIESIREL

B R SR O B 2 i s B EHRAE R R R, BBCRE R EERAE N
FrBCTEE R o AT DR A5 B ShACECHERT, 28— D AT I ZR BG4 T o PR ) s
TE R, R AE RS2 EUAR) Jot B o B R ) J5 21 B0 B RO v AR o i T BHRERIA
NBAFAEE T, BRIMIE 73 94 SRR AE UL AR 3R AE AN 7 TP 4 Ry R AIE X 1
BRI AT T RIE, — 208 W2 R R E B I ORHIE . SOHEFIE . TEREY
TS S ()R AIE o Ry AR AE 4 B0 — T £ &R B ST Xl o 428 3 0 e ) SR 0 AR
BU, SRR N UG R B R Ik, AN BERs — M MR AR AT o 4 = KRR A =) 3
RAAEVE N B BI3RIE & B IA & B RS, (HOR AR BURBCHE R U, &8 R AR AIE
HATR IR /NS S PR S 2% G G0 S AR IH B S m AR e S50 A, A LA
PR BCHE U R4 x 035 . BRI R ERFIEROR R 24, Il TIRZ BAA AR
PER B R BB AR T, X BL SRR T LUE T A FE R /&K, 1 H A R 47
HIPERE, T4 UML) 2 B R ER A R IR 5

(1) REAZREEH e (Scale-invariant feature transform, SIFT)

HT 1999 4% David Lowe KR HHME W L, 25 ki@ K&
Ja3 0 DX 2 K AT 5 8858 AT AR F T 38 1 I R R RFAE . STFT AR faE 0 IR B RUEE
Jidke A A 1) BAT S VE R R BRI f IR 1o L0 Ot Zk L e s DL R AR B —
SEREE IR E P e SIFT R AESE UL AL DY . RUBE S IR ARRSE I« SRR AAE 5 T8 A7
RRAE U7 TR IRAE AR AIE A ) AR T,

FEZZRIRAEARI : HE5I AN — DM RER R E, B XA RESHTS
FIAFREE T BB, FERX L REEA R EHR L2 i BEATRAE RSB, 45 1HE

11
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B EBAEA R R N — DG — AR BRI RE AR L (x, y, o) — o iEid K
B R ECERE K

1t
G(x,y,0) = a7 20 2-1)
L(X,Y»O'):G(x,y;o')*l(x,J’) (2_2)

HApRRmEGHREE, GO,y o) &famMRE, 10 y)TRR2 R EE, (xy)&
NG R B AEEMGH RE 2S [A A bR . o IBEE 7, R Bk R s B r
IR RE Rk G, BN R BB A B nse . R RIELwE UG, T 3RS
2SR AR E IRHIE KU, SIFT SRH T il 22 70 ARG AH AT R A v 2 18] 1) M sk
1927 = 22 5 BURBY . B UR B JR S RFAE A2 1 10 0 22 43 25 [R] 1) =) S AR A R
B, FEBEHOX PARAE RURE, KA s T I 6] A Al b s, G SR A sUOR S A
JA Bl AR, IR AT DL BX AN s — A R AR AR s

RRAE RUE AL A e il 22 40 23 B SR B (1) R BB A8 77 22480 Harris A A
o ) 592 R AR A B s B AT I e, RS e R A AT R o AR B

FEOE T IR 9 1 ORFF e AN AR 75 B0 A s 1 7 R) AT T

FHIE I8 : R RRHE S =R S, thnfr & REEMIT W, /a1 H
— [ BN OB AT R IR, N S AR A R E . AR R EE S N
=AY PR T N, REFIEF R ENE; BB OB A RURHIE I, fiA TR
BAERBE A REZRRINE 8 M7 EER: H= D8 T H e, X
— B WBR TGRSR B AR AR R £ AR MR 2 o

SIFT FAEXS 5 A AR HS e O R AT S48 E, (2 RIMRILEC 59U A 70 B
PRMER . BIERET R 2%, BAEERER A, R AL AN

(2) PUHRHEEERER YL (Speed-Up Robust Features, SURF)

£ 2006 “FHH Bay $2H, XMEIEEN SIFT )—Molud &, RIS EHB
et G AT BRERAE, X EVEAE TR T A TR KIS . SURF AHXTT
SIFT 43 LA N L7 T I3

55— 7710 SURF H g AR FE FE AR # MG, R M AR 0 B 11 SR AR FEAT 21 5K, AT
FIAAELR AT R TARME SIS IS R A TR IE s R R A, fF A T
RGO 8 B 0 AR FE B 3R AT B IR AL

% " J710 SURF fREFEIMER/IAAR, B8 GRS I R/ R 2 R 1
REEZR[A] o R EEVERE I ER T 3 B8 [F] I 0k ROBE 23 1) R ) 22 2 PG REAT # A 5
o

S =J7TH SURF A H/NpEHiAT 7 oot i £ 07 it 5, A HE T
BIGE T J7 4 R X AR 7 515 B A B R /NEE STFT J7 4Rk —2F o T DL AR,

12
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—
=

b SIFT ikt @R %

(3) ORB #i% (Oriented FAST and Rotated BRIEF, ORB)

XRRELVE 3B — M T bR R T AR R SR UL, R ] 4
TR SIFT FRALR IR 5~ A RIR S 1 SEMIE T 3EZ . ORB Bk I %
RN LIE, B— DR Pt ) FAST(Features from  Accelerated Segment
Test, FAST)FuRIRIRIG A A e AL ORB FFAEs: 28 20 etk f5 1Y
BRIEF (Binary Robust Independent Elementary Features, BRIEF) S5LiLXT4GAE 55
ArHiR, b BTIEF S0 — bk T~ 3kl i) v 8 i PR AR BRI RUREIR 77 7

FAST LA I 7 92 A4 8 B RS ALEAS I 7 VA AR 32 50 2 5 T A AR KA B2 A 32
Th, ZEER B R Dy RGP EENLEE — MR R AL LXAME R O E O
128 R M — AN RTE BRI, Z BRI R 0y P, KB4 R R
SR GG R A, JR BTSN LR s e e, RIS E I AR B R L8, T
CV/NSWAE

|Pe =Pl > 6 (2-3)

Hr P AR R BN R R, Pofath OB R SR ERE, SRRBIME. /£ FAST
L A S EESE 12 A R ER W A SRR, MO IZE R 5O FAST
. TAE ORB Sy R B — MR R S Bl 9 DM iR R =W e KR, 9T
I E, MAMEHE R SR HEGR S8 1L 5. 9 F 13 IUAME &= S Tis &, XY
A R DA A SO R SR AT N Ak S S A AR RIS B A X T VAR
K HEAT 8 DI s RES 2] FAST 1 A0, ZEULIN M Harris A siker il i) SEABAR Y — €
TN % 8618 1) A VRN ORB RHIE s N T Z i R e A, KL P oNIA
OB XEE o — DA R ERYE, JHEEAD K EE e Z AR R & .
FA B0 o AF B AN XA B0 Q, 4 P 25T Q BI7J7 IA) & E AR FR 5 A,
FEH PQ IEL HA P v bbr RN LEARhR R4 BOHFAE 5 H A e A2
PE.

ORB $FHLFEHUEE(E A T BRIEF #1181 XHAFAIE sl 34T 38 510, BRIEF 3%
filt F 1t g b i 7 2O SR R B R AE R EAT O R, XA 7 VAR R R
H RIS 8 3 2 B R AR i 38 1 o IR MR AR B 05 O Ak R AT R A
% ORB FHIE fULEDLACHT BOAH XS T SIFT A1 SURF g 5 I AR /D, 3 b — ki 1)
FHIR - o5 B A7 il TR AR 2D

243 4$FEmITE

PR ARFALE (DG S B B R 20 P i P8 A R B RS 1 24T 3k R IR UL ARG

13
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R i N R IR LA A A AR v, SR sl v AAS 21 AR RO AR AR KB AT 4 45 T
Y P15 1 i Tl S5 1) s ) B e PR o ko 79 LA 2 75 DL T 75 AR s A Atk i
TR 2 18] AR FE R S o AR AL F5E ol 2 MR 41 12 {5 Pk 2 S 4 ik
B RFEAIR T 2 (8] (0 PE B AT VRSO o A R B B A5 2 DL AL
ZERATREANA, Wy LA AR BA A B B U POVE MR L LA B 1 . s WU 8 . AR5 AR
B DU

R L FRLASH i e 0o A [ B T (R ) 32 i e A AT TH B, R MR AE ) 2 1
DL BB RALR A —BUNET, R EXEWIAT S b, B R
A — B R BRI WL BLASBE & B TH SR, BTN X =
(e, X2s e, %) Y = (Y1, Y2, 000, y) IR PN AR Z TR KR LA BE B W] LU 0 R
AN

D(x,y) = IX =Yl = (xy = y)?+... +(Xn — yn)? (2-4)

AR GLAEPAE A2 388 3 PR A [r) B A ) 225 (AR S ) I A SR AT B AHALL IS 1 o AR

FARTR LA AT VHAL, R 52 BOR U B PR A 1) B 2 (R BARBL, e 2 BN AR AL, 4

P ) B 7 R AR RIS, SR AR 0° , RIZAEA 1, 4N & 17 18] 58 4 AH
KA 180° , HARZEN-1. A N:

cosf =

X'y
XYl
DU B A Mo R AE B AR S 22 A 1 2 B B T 11, DU — M, B
AN CRHFEHREDD 745 8 0 N AL AN R R, FATTRAd (x, )& x 5 y Z IR
PR . WA FATER T REGE S, ISR 1 AL A 1 Aot
DU REE

(2-5)

2.4.4 RIUE SIS0

FEAR R — RIVILHAC 0 2 )5 T B0 VL ECEA R 1) RO BT BB, X8 i — i
BT ILR R ZED TRUE T ARG BB SRR R EEEAR AR AN
it G MR AR e s ARDLAR i, 0 S5 AR 40 L S BORE AR e o TSI ACAR A R 1) 4
K ER AN TR] R At A e 2 A MR R A4 1l o

WA AL e 4 B AR T W e AR 0 B B DR ANAL, T R U At AR
DR I RN AR AR ORfp AN AL, IR A e 3 22 b~ RUIE e 2 R, FLAR SRR A

cosf —sinf m,
M = [sin 0 cos6 m5] (2-6)
0 0 1
$.Cx, ) 2Tt R AS 5 AR5 5., ) FOAS B A 20

] =158 ~sm o [+ [ @-7

14
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Hrhofa 2 BB A, maMims 2 T 5.

FAAE e A 45t — A BN 73 — A EHR R I FE R e fp AR, (BT
IR /INRIAR AT LA EA A, ] 8RR A0 At A £ WA A 4 oI N RUBEAR # 2 Bt AR i T
FEALAZ AR, AR 0 oAy -

ycos@ —ysinf m,
M = [y sinf ycosf ms (2-9)
0 0 1
(e, y) G WIAAR 3 R 19 2 /(' y D IR A 20N
_ cos 6 —sinf _
[y'] B sin @ cos6 [y] [ms] (2-9)

HryRERRIE, oK, mMim AR TR E
P A B U AL IR B T A 2 1 — 3R AR D) A 4, B R TN A2 )
THEBT R ERIKR R L, TATLRARRETATL. TR B

my My m;
M = lm3 my msl (2-10)
0 0 1
RO, y) &I NIAARH f5 15 2] 55 (x', y ) AR 3 A AON
[y’] - mz m4] [y] [ms] =4 [y] +T 2-11
Horpr A FEPERORTERS « AaTBOMEE V)55 LA B AR AR a8/, JF B A FE AT DLIE
1T % A 77
__[cosyp —siny cos(D —sin®
[Slnl/J cos Y ] [0 st) cos @ (2-12)
Hrh o RIGHNLALA, WXL T AL RS f .
Ri(x, y)ééliﬂﬁllﬁﬁ‘ﬁ%}:ﬁﬁﬁ(x y Y HIAE ¥ A AN
__[cosyp —siny cos @ —sin@ m,
[ '] - [Sinl,lJ cosy ] [0 sin(Z) cos @ [y] [ms] (2-13)

P AR E T R IR AN UAE — % B2 AT T BRI AL B B BEAT A 6%
RIS R . EBRET R AR B2 Re 4k SR 1 B4 MH 2 PAT & VR AR B AR -
7. BOVAHMGERE -

=|m; my mg

mg m; 1

R, ) E NIAARAR e [543 3 (', y ") AR A O -
, Mox+myy+m;

= 2—15

x mex + myy + 1 ( )
msx + myy +m

y = 3 4y 5 2 —16)
mex + m;y +1

ERPUR AR e, B A o LURL— A4, W] DU SO AR AT Hofth =
AR AL . BB RPN E 17280 0 1], SBALON DAL
T MOFERE 2 EA2 x 2R R IEAZ (Y, D47 SR AR IR AL AR AL AR e . 44

my, Mmp Mmp
M [ (2-14)
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AZE e MR B2 x 2FEBEIAT A 1, IS A AL AR HaR Ak I A AR 4 o

FE U FCAE S AR, MR R 2 R) R RE 0, 281 K ) AR AR S A AR B AR
oo 07 AR LA AR A A o LA R LA AR i ASE TR ) IE A R R B v, X MRS 5
TR AR [EE A Fa A EAS [F] B P PR 2 TRl v, B an e 3R B4 = R ), 4
R F RS HENZ RS S5 R 3 SR RN ZRR, B4 7] LK K
18 2 IR AR A T A R AR AL AR M ABE TR, G ST e 7R (10 I 0 G e T i Ja
FiAa 5 o SRR RE B f e, (B TR SR AR S, XA AR 3 i) DA S LAE B
A NP T AN 37 50 [ AS-FAT R BOBR T R AL I B, X2 e A e To ik
I o 7 5 AR RS 3 FH 1K 22 40 LI R BCHETS O, & AT DA AR AL AR e A Y
X G BT SR B R ZEHEAT TR AN, X B VAR #ii SR ) DR ZE AT AL B o AN[R] 1) 3R A5
B HA AR & VGBI AL B A5 5L, 75 AR 5L B () B FH 3 S M 75 SR 24T HAR 1)
Med, il R AR AR R AT UGt e v 25 SR ) AR AN T SRR D T AT B O RO

/N ZRE A AT R ILED f A BRI R R B, X7 — P AR R,
F2 SR ] AR R 72 1)~ 7 A/ MR R AR H IR a2 i s B DL O . % T
R (g, y) B R AR HFE AR BN B (g, ), Hi=0,12,...,N -1, EAR
G ESIR

MoX; + Myy; + my — mex;x; —myy;x; —x; =0 (2-17)
max; + Myy; + Mg — Mex;yi — M7y y; —y; =0 (2-18)

¥ EXREREERENX, FAX=0, Hd A B2—P2Nx9OMH M, X=
[mo, my,...,m;]", RGN ZFIEFAT RG22 NAX |5/ X, &) ORI
A SR 5 AT AT B /INFFAE A AR B B RRAE ) 2 o B/ ey i) DA B R R AT 1
SRR, XTI SEIL AR B o B AR I AR R ZE U, RER o Bl i
BEAYIT, IX AR RE S i BB T S H A ROR - (B2 80 4R I BEARR Z2 ORI
/N ZIRIETCIE R B SRR A 8 - 20 R el A, B/ IRIAAE T R
AR E EBA B, (H2 R R B AE s A R VLD s 0 B o B A e/
IS} 74 B A% B O Bff 00) PO A% 46 o, SCEILR DT TC RO R S B o SR, 4R DTG i 4R
LIRS R, o 1 fe /> —afed AR METH G HE HE A 1) AR ke I, /s SRV AR HE T 2
i ) 75 3K

2.5 ERENG

A F NGRS BIRIARGEOR, T EEX BRI S 2R G0 R R A S 75 SR gk
T 78, RN A BHOCE P St AT T4, JEEBOEHE R B SoR 3
T U RN, ARG T PMIICRET I HTHZRBOOEREE . &5,

oS

N

hu}

o
hu?
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KRBT BT %, EEARRRFIE R PR RRAE AL AC A S A BR R DLAC /=
ANTTT
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3 REEMET

ARE B TR TROCEZ LR R R G AT 1 i, EENIUEY, 5
— R N ARG IO 5, LB H AT IR R ST AR A AN A B
H o RGN R SR EBEAT 1M, ARGE H ATV AR ST AR I B S AR SCHIE AT
LA R 3K s 50 = A AR AR G I 7 SR AT ARG B AR it A8 52 B 1 S A st
THS B e R (R A b S R AF I IR T BRI A AR FE NG

3.1 MiRE=

IO DL€ (1 E B K 07 AR DS AR R SR SR BE R IE ZR AR, 32
V425 e < 1.5 O 17 /R R S/ NI e b L e R B R B R TTNOPR y2 e  ]
PIRRILIE I, 73Rl E VD £ RGN TR R GE. MBI AL R G B R A
28— LB Ve Vb S5 AR ROV R Se,  BOR T LIS 0 8l O B kAT
I FL A B, (ERAF AT B RO (5 EANRE S SR . b A 2
AR BARTFIAAC T BB T B UG B s, HoAn B RE B fa] i, (H2
B HE B ERD, TEsEBLEIAR BRI B, I L 2085 s 5 £
XML GE T FORSEIANLAZEL, X PR 1 s & sl TR, W RS
FIRBUE MO 2 FEAL, AT 4525 18 (R 45 S P BV S A L v i R AT (5 12
(D EZZ VAN 7 N e LT RS a0y 2 s VAR N T AN S 2 0 S < Wl D AT
WERAE 15 S S AS KR A )

B, HATA B VD SR B 7 vb S AR S A 1 07 ST (5 B s b i R 4
IEAFAE LT 1] -

(1) iR SR B DL 5 e 22 18] (R B0 B AR RO i, JHE HIROL
FEVD B e EEATIRORI, SAFAE H AR BEAR N, NIRME LG BDCHER A E
FRJ )

(2) HETRGH KB i (5 8 T R AT AT WL, R RR B ML H g
2 R TBCI TR R REATHE TG TVEMRIE I SE PR DL B, B IR AR R 3 (1
BRI IR

(3) HAA— L8R il R RGRENS SKIL L 0 A LI RE, (H2 AT A HAT N A
T A, RN 53 R [ I TR AT SRR 4 BE R I SE I P B AR
HISE HAT N

AR HA R 03 8 R T BT X BV DR AR H AL BT AR, AR EROR R
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POI k5% JEBEIR A S5 M 25 ThRECS, TAERFEAN: G L SL I SR O
R BICHE, K G s SRS B T B TN RSB S ,
SERUAMEEAT AL B T B OB ALARE B, Kz hrfe s DMXS512 4, F
FZ B RAT YCREAT — R A S F ], A HRROGIE X I8, BE B AL RO
Ny WAL, ZR AR R LLSCILRE M ERER . SRR Bl R BoRETEE. (2
F2& B TS AFELE LT )

(1) BB NI IR G Sk M HABR X SO0 S S Wy b 3 1) se A e, 75
LHPTTFIRE, HPSEAFRERIEKT R RS N MG AR B F
K A HE o

(2) ARG T PER YD B 43 28 FL R R, AT SR TGRSR R R S B R B BE T
A1 B2 1) ) AR B A AR U

32 FJRTIh

AT, B B VR AR G R SR 7 LG 0 IR AT T AR, 2
X B R eV B R G S AR DU AFAE (1 e UEAT 0 A AL & . AR SCAE R
REVD i R GO R B RS |, AR H AT BED R R G A SRR (1
W FE A EHEAT TR R, B A

FEfE BIE/R T T7 1, H BT Revb i R 48 O 58 R 70 WA SEAR Vb BB 7y, X
o BARAENS S B =4 f 7, (B2 SEARYD R AR 73 (A5 S SR ANig Je i), A
5 A%

FERE HALSR 7, H AT BOCE AT 32 B RYD B R GEER AR OB
BEATHE HARIAR R, AT PR B A A ELR, SR A AR OV S RO 1
HARSR R E . H TR BEVD A O SEARYD R 70 R BEAE SEAR VD A ) S it _E A HTAT
JefE ] RGeS BUEE B AL RIS .

LB RFEMITH, BARIAECH DR RGCR AV B S T RS &
5 AT 5 BB 2 4 A R, (HR XA R G A2 B 75 E s A
I} - Rp AN O 28 P RR A LB 4 RESE I

FEAL ] S T, F AT O & REVD S SEARYD R AR 73, BB CRIR I &
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Figure 4-13 laser spot location results
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Figure 4-14 coordinates before transformation

Points after transformation:
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