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Abstract  As the fast development of modern industry society, the technologies of
three-dimensional object modeling and measuring play more and more important
roles. At the same time, the practical needs put forward higher and higher
requirements on the technologies. In this thesis, a system for raster projection 3D
imaging and 3D object rcconstruction and measuring is proposed, combining the
theories and techniques of geometric projection, computer graphics and virtual reality.
This system has the merits of simple structures, good precision, fast speed, wide
applications, high automation, etc.

In the system, a set of binary codes are used to acquire the approximate phases
of points in a distortional raster projection image firstly. Then, a set of phase-shift
codes are used to acquire the accurate phases of the points. Because the phase
unwrapping in the system is implemented inside the binary code strips, the accuracy
of phase unwrapping has been promoted.

In the raster projection image processing, the author of this thesis proposes a few
optimized methods. Because the raster projection image is usually degraded by
random interference from such as environment, illumination, camera lens, image
scanning, quantization, transmission, etc., a method of fast background correction is
proposed for improving the image quality and contrast. In addition, a fast recursive
median filter and algorithm is developed for image filtering and image enhancement.

Since the raster projection image consists of black and white strips and has higher



contrast than non-raster projection image, an adaptive thresholding algorithm is
proposed for automatic image thresholding. Considering the segmentation would
produce some isolated noisy spots, a method, named binary image rotating filter
method, 1s adopted to remove the spots. Furthermore, the image pixels are classified
into two classes: invalid pixels and valid pixels, and only the valid pixels are
processed. As the result, the image processing speed and precision are promoted.

In object measuring, the possible errors in 3D oblect reconstruction and
measuring are analyzed. A new method is proposed for error correction and the
accuracy of measuring is improved. The image registration is also analyzed and an
effective method of registration is presented as well for calibration and big object
measuring.

In 3D object reconstruction, three methods are utilized: volume reconstruction,
surface reconstruction and projection reconstruction. In surface reconstruction, a fast
algorithm of VRMUL surface reconstruction is proposed. For 3D visualization of the
reconstructed objects, a VR viewer i1s developed using OpenGL technology.
Especially, a series of methods to enhance the display effect, such as smoothening,
transparentization, shadowing, illuminating, material rendering, coloring and so on,
are developed. To improve the convenience of visualization, a few functions, such as

dragging, free moving, translation, etc., are developed as well.

Keywords : Raster projection imaging, 3D object measuring, Image

processing, Image segmentation, Image registration, Phase unwrapping,

Volume reconstruction, Surface reconstruction, Projection reconstruction, VR
visualization
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(bR R LA R — MO EA G ES RGN AT
AT BIRRREAL . TSR B 408 B B R IR R i 3. RIBARNR &
RLNBOTT AR I SR B LT G R R AR WL P R R B AT Y, B R
SRR E SN BRI BEIFAA BBV L S R PHEE. EAVERE
BABEMRIELS, W) DUE T b 016 55 A 3 R id 1% 2 A5 AN S L (i
THHESHERSEKQENLEXE. —BBETEXMIFIER . BN
ELEPRABBHREIRBD TR , UHEREEEMLAXERE.

W52 3 B 0 B SRR R 0 PR 0 T BB KA s R R B E 2804
AU AEE—BENBHBEMNREN 50 REFREN 1 ) REBI
NERE EHFMNENLFEURENS 80 BRFREN 2)FEE2
BESIER.

2 RMBAOGE, BRMHE, XERAREBRGNLED., LFE
ST REERLH B DRI AR KN R SRR RS2 (8] 1%
FLEURMANAEIRIR  FRRM T H AN = g AER . EITE R
BRABINTET, ROB G mmEg., Big. s . Bk . gy
MEREER 2 KB URRENTH. M. BEEIERHAEENE
o TR 1 FIFRE 2 WBHENFN « x1,y] 21)f (x2,y2,22),
BMUFRE | WBFRRASER W TEBRBERAMNE 415

(xve, Yy, zu)y = (x2i, y2i,220)T 4.5
AL TR 2 ATREAARZ BEERER SAEFE. 0. %y
BHREFEOHETF MEFRE 2 M3-FRE | WFEBER dx dy, d 23 x Mk
BmERo X yRBEKARNY B N MIMIESAES Y WM TES
KA E—&i, A '

.. a . .o .
x,, = %, {cosacos f +2sin’ —z-cos,y+2sm2 %cosa +25m~sm-]-2/-) +d,

V, = y,,(cosycosﬂ+2sin2—'§-cosy+2sin2 —gcosﬁ+25ingsin%)+dy
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P R R

-y . .o
z,, = 2,,(cosacos f§ +2sin’ —Ecosﬂ +2sin’ igcosa +2sin—sin é}—)+d:

(4.6)
AR AR T RiEAA:
3 . (11 1]
COS( Cosy 2sin2%cosy 2sin‘%-cosa 2sinZsin 1—| L1
T =|cos Bcosy 25in2§cosy 25in2%casﬂ ZSinﬁsinl ifr 1 1
cosgcosy 2sin EcoSﬁ 2sin” —cosa '.ZSmEsmE 1_]_4; d, d.|
4.7

47y NHE 6 MRMBE . BULERIE 6 MR, ARBELHE
EKigpikd® 6 A a, BT HRE @5MAT LR TAl. TG TFXYE 2 1
BRETRE | WAKARBE L . W 2 KAEZRATE. RS
# o LR FRBEGESHE  SERIMENENEE. ELENES . BT
FREREERRE  —AUET 648 BREABRPIRERKMELRETR
HBIRMLME.

M 4-7, SHEUMET 4 TR  RARNSE  RAEHFEE 2,
3. 4 FTIKHE 1 HATHE, BEWAHIE,S gERENER.

B 4-7 35K B sy £
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X —RTIRAMRE T — AR R K S 0 S AL AR BB T AR M &5 & R el 8 e
ik, R TR MR ENGER, SEERA. FE, TR T R
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NHB MR ik Bk RO e i 4k

E5F AMHREZEYMFEERAML

5.1 3|1 &

H E—FRATNE T HEZEMRNEREGFE, HOUHER L T4 ALR
X, Y)FHRIX— SRR ER 2R — =48 s (x, y, 2) &, X
—ERITERMATBEARACEBIT T ER, DR RGE.

S TR —ARE S AP, AR MER. SRR
—HY g scts. —BRRENEHERPIEEESNKEERSBIHARZSE
RS AR (BTEBARSED, REfiXES B H A EILT 8] K RIERE K
MR EERSE, RERTRXA-RFRERNE. REOHBRAR =
HYENIRT. —REENZHELHIBHREZEDERBEARE, K
FERAEBHEIERES R HNRBEFRERERABR=EYENERETE.

LRERRBEEEAN=UYE, REZEPENREARE, EmEds
BRI, LRABEER K. BAEEMIMMER, iUl —RHTF =491
SRR B R = A EoR. REZRREEZ-4MURPHREE,
AT EBEEER, ERNBEIRER . BARRZHYRERMPER, L
—RARAT=Z4YENERFEARN =Z4MHENREER.

Hel, EASREAIRTED, BEURLRBRTNE TR, B
EBrRFEH=AK, NAEREZHIERBR Z4MAN ER:E T, XM LR
R A ARR, —REAELER, H—AEVIAUEE. BEXTEITE
KRSk (Cuberille) ", #3)3L H4kiE (Marching Cube) "HI4:fE T
Fi&iE (Dividing Cubes) ™. YIFHER T ERASITREIZFE. #
BeEERE EERIGRIE T — Rl Y. MREREEME, VARERY
MARE=ZHYAETRREMER PR LI =4 o) B (= 4 ) 7R

EH-MZHEENTERRFER™, CHRER: B=4YiREL
RS ST R A E L, TRETESYHRTAKRA, TLUSYE
FHFE TSR ER T EYE L, AAEREAFRFE, FEANUEEEK
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PODT RSl 1 - v 3 AL = U Sk Bk FRERHY

R SR PR A1 B8 4 o IR B e AR £R) ZHERLE.

EK-BERATE ATk B ER, REERUEEMREEDR. K
AEREREA OpenGL Sexd B th =4 B balt4T BT ™, FFTEREERE LT Hoadt 47
e, EY, B, ESAIEMETES, EERFRIRE.

5.2 MG ERIAER

AR ER AR D Bk B SR R T =
Eg. ERENERERE, DREBPFOFEALELAD (v, y, 2 ATE
BHETREMNMIE (NEANEELS g (v, y, 2) FSEEH, RERES LT
REE pHAEN, MRELp5LEL o5l MERN p BBk 18,
AR ES pBTYH I/, TRIERESA pHLEME [ HESP.

EZHERSED, — AR RRE S 4488 8 408, 4 AiEA s
E.F A BAANE, wE -1 (a) iR, 8 ARELELE 4 ARIRAT 4 L FINT
AEER 4 S, WE G- (b) PR, SHERTRM S M. T 4558
#, Rosenfeld il T LLASIE ABIEBIL TR ™,

ro-% -y --a
b bt
el eedo-a

(a) EpM_HEa 888 (b)) 5 p 948 sl
51 gip M _HEA

HY AR BT HES T B S MRl R AT . = b VA AR A =
BN 6404, 18 4B 26 4T, 6 B E, T, &£, A, i, B64
R E 5-2 (a) FUR. 26 ARES M FAE LR 26 A4, B 5-2 (c) Fir
o 18 AMEEE 26 AP LM A A LM AR T 1845, W52 (b)
Ri7mo

ETERE, AT 4P EENEBREAN S EREKSAR A EEY
k™, RERRES, TREY, EREY, UK MicroVision RN 4
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SBRF AR LS LR ] Hl L

MPERMBRKES. ¥ BiER AR L — TG, WS i

+ ‘,’:
H 1 ¢ M S )
AR S R R ' ‘--'?--4'--,4- 4=
P +L-?’ - ,lC-Li-’Q';-q- »
----- [ 2L SO o
e PaEety (P
i ) Jusmza
|" ’ 1]
(a) mipB9Z4E 6 4Rk (b) A pR=4E 18 4kt

(c) A pfI=4 26 4R

B 5-2 FHpMITHEWE
HPERHME ST HONE. DEREERASE —MRENLE, BXEAE
—E—Eihy#, BENFEAE ST ECHE. TEERERE —ITHRER
B, REICTITHERLATPHESMNEER. BREEAREOARE— ST
7, HIREMHENL. BFERAERRBAB T —RAT. REMAH
THERAER TR, BERHFEEMEA DI, BKEREKMNE MRS
HITTRE K AT AR 2, B RIEE N R MR b 1k,

HERE, SAEREEZEROMAENHRBARMN A RTERCRS =40
WHRE, TEXAHTEEENYENSEERE R, KRR T 55 5
H. HEHRXWHEERNYETTUGIMEASNIEER, Bkamips
AT HIEFE, FTLEREIZET, TEBHEMEN.

Set R LR T 4EARR (x, y) X AT RS R 2z, MR S g
FRA (0 y, 2) SEBHTITRERATR., SR RinE 5-3 Fix.
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VIR B G 35 ie JeBHER = MR IR A ok iR FAENI

5~ RbEHERLR
5.3 MM ER

BERNBRTLNADFAEREH_RTE L, SHTIE50ARED
KA, AL T TRAREE R FE L, FLRENFFIE, 5
BYFIIREL: B REAN ISR LN SN N R SR ER ST
Fik. B 54 BT ERASA TN 5~ B FEON A ETEE:

B 5-4 BR TR =t 8 L T RAIN N X R
BEHOAEEFREFENFTRERF MR, %1, o hHTFITR
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WRE GME <Rk E LR o Bl

BHRR R, mE LB R HE TR P PO,0,D), HE XOY ¥l
L HIHE A P (leosa,lsing,0), B FTE Y PP7y BT WL XOY i H1K 5
A B, BT RRSE A (lcosw,lsing, 1) RHEERZHERE R P AUE R A (xy.2)fE XOY
P LB Cyaz), BAFTERETRETASHBEYT, BRATEN:

-z, X~—Xx, V=Y

-1 lcosa Isina

NXEABEAE XOY FH L, 2=0, LA

{xs =x+z-lcos a

Yy, =y+tz-lsina

LERERIEMERR A
1 0 00
0 1 00
zs 1= 1
[JCS Y8 zs ] [x y z lcosa Isina 1 O
0 0 01

B A DSk /8 S 4e % 8] XYZ HER - AFE XOY Pl L BT S 4%, [
WA kB = 4486 S YOZ SEEA XOZ T R 5 40%% ., 76 0" ~360° &
A B BN LA B S (A B A I A

FM MR E M MR (x, y) BLRNX— AR LRI RE(S B 2, MR S 5k
W u oy o) 8, MEREE 7 MRFARNER, REN 2 M 1-Max(2)
HRMFA BTN TAREERE.

O 2 B R B o o SLOR R

i I_.llll i .Ill'l_‘ll'llll.'.

g

ﬁﬁjrl#ﬂ

B 5-5 BAREERYILE
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CHIP N S A= FEAR TR = HEAG M 1A B FhmEII

MEFIEGERFEERNSRENT. RTEREETT = MAZNHE)

Bl s-6 RerHERERLR
tHE 5-5, 5-6 AT, WTFREERARBEM, BrAETHHERTFIE,
A#EERE/RTLESEE R Z4NE, BERR N, BE{TEER.
BERZEAELHAEREANAE, FRHNZEYRAR—MHAENE, #
WHEREIEM =GR, FEWAGEX =40 E T R 5E s 3 = E3n &
.

5.4 AR ENNIEREER

ROERBOTUNAPE, —ARBELER, H—XENHFEE.

MRYHEAEREUETRRNRMER, FHR DA ERLER
KRE, EEREPANETAYERAERNSE. TELEESEERGN
RERMHER, REALRRECARANZABESENRERERERX,
MU R RE. BREREATERMNEE LR N S EnERE
HHEEUR R A,

MHEHZENEROERRREMR D, RRAER, BRESRI—
LRETRARFOBRR, WMBERE, &7 SEARRNRRRERE, R
i, MAERNREWEREAATR, FURETEHRE. ETERPE
HEZRREVERRNTRRRRBTREOERWS F. KAETSAHRE:
R 8) L7 ¢k Marching Cube) FIi 7 3 J7 ik, JUTR 3L Fr KA (K EA I 4
PEREMBMREA LA ERRT. ARMFEERBRGWIERER
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WHT AL S A R B

AR, BRMENERZE. BEILJEE Marching Cube 517 Mk RE £
TEZS (A P AERC-— AL F, WIREIL AN 8 A MR AN RE S, HIR
FXLRAAHERE. BEHFRERSWIT, FEimAReRe g X
M= ARRE. XHTEERMIERETERE, WRNRE, BRETEH
FlEatd, FTMESHI=RAY, RitmaEs, EEOaRE.
A IEMEBEEE S, SR T —MREEL, EERNgRaER
Sk CIE L CHRHE R 20 A0 4 Mo m s RO AR PR BRI = AR
(X, yy 2) FEZHEF B d3E— g IS VT £ = ARG, RE =B
HRBRESTUMRZ S AMRT. L TRV BRITH =% 5r
TR BRI =BT N B 2 EEM IndexedFaceSet 54
Coordinated 184 SR, RAMNLHER=-HRAMEMN. TEREREHE
k-
WGy EE ER A, Ha) ) AREEER. S AMEGnsE
A WS E R H.
1. S —A R A wil B3, UGS, T30, FICH
BE N VRML KB .

2. XA EREHITE SRR, eS8 (x, y) FEX— AR Hixy)
R « vy, Hx, v}, BAXESD.

3. FERE A VRML (i A1 5.

4. HOLH BEEATE AR, 08— (x, y) FE—fRE Hixy)
TER = S AR HE B 547 FRRIBUF RS ek, P Pl BB —AT
M —r, P2AR—ITME A, PI AR TITHE A, P4 NS
TATHISE T A #8 P35> P25 P1 5> P3 > P4-> P2 P3 [UFREE
sk, EETRIEPL, P2, P3, P4 HImABE—& (1Pl BBD)
F| P2 A1 E) MRSHIE P35 P25 Pl »P3 5> P4 — P2 P3 IGFEE
R, WRZEHE, EPL, P2, P3, PARIMAERIGHSE, 4B
BBIRE— A0, BB T 4T (I P1 B3 T P PI BRI T
P3 [WTF--17), REBNALHE), BB BEENEE TR
JE— . B =4 (P3,P2,PL-1), (P3,P4,P2), E AL
HE,
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PPN R RS (VR o FEHHHL RS BRI AR A R R it

pl p2
—~——————————
03y /Ap4 ———————
—— A —
e —rre P
. SSRGS em aea o oonan oo >

4 5-7 ZHE piREIR= MR
5. MXEEEAN VRML fIBMNSE, <A
45 RISERE . FRiXF TR L4 Marching Cube L7 A — L824 8t
fEEmEREEIME 36 4%,

5.5 OpenGL AR 448

OpenGL £ SGI AR AN —EEHANEBRELERSE, EEEEHNK
HF @, GL BM4XZ B 7 % (Graphics Library). @3 OpenGL 327 5t ] CAGIR AL
HAKNERESF, AFEENRAZ4BEERE, EF¥ERATELHE K&
WEAERNHEY. BRITATCKRLHAMEREH =48BI, X— W&
A— T RATIE A OpenGL I — MR IFE A,

OpenCLAFEFRIBHTREFSMAME REZ MM MEEED, XL T — i
YT ESHEREOAL. EXFNBEFNES IR, AUSEs4EN
75 A 3B0penGLI A BN 1915 5 2 R WIS . OpenGLYL BJE R A - 1) s T &15-8
Fhs:
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WHHE B S de ik R ol 4t

N HREFT

i [ N H |
EEREOE B H i & )
OpenGL W& H f # % i
_ s s w P @
Windows iﬁﬁ‘[ﬁ?%x?ﬁ e e b 2) 5

HibEE, MRESRHES \
B4 5-8 OpenGL 34

&} 5-9 & OpenGL FIESAERE: BN AMEEAN, B —RI|IFEEERL
R, —EaSiEEELHNUAYE, B -EEANRRSRENBIEHTY
(GNP L

2 A TH EA
T A B —T—» REFT (ot WAEME 0 ML by AR | LW
it g %
— e
| BRI 1
BESIE | BEERS e S0B4%
o
e 5-9 OpenGL HUAERHE

AP R, OpenGL HALEA R EESAEEE, MEEENER
E—NERFIFRP, HE R4, SRS ERREN R, B AN
FIsREZ I, Y T —MERerEdsked L msfdim. —Friadsy
AT R BREMBIGAE S AR ITERMCRAIE, BT T
DESUMR KA, EHEMEAT - ENEENT THE. EaMiafs, 8y
B R, ZURATERHNE, =4 —RINEFHAEFAEXEE. XL
g — R BREEAREHLERER (BN EREBE MEE#ITREAH,
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VTNl 284 1 X FEHH AL AR R A P AL PpERI

RGN HE L B EMETEMEGFF.
5.6 F OpenGL 3 AFEITEMIIARRERT
R} OpenGL FARHATEMINLA) Bk, AL LUF JLAN D 3.

. B SRE NN S 3, SRS X T B R SO BB AT IRAT Y, AT
WEA Y SRR TE. i 5-10 ok

| WL \
__ > v
ZFR - T i Sk
N ——— I 't +
> EATNF e
Y ¥ |
[ XA R HE WA | Y
‘ 480 38 4h 7R o
- S Y >3 "
& XA A G| HsE S A Bl
a
Z v AR
O N A S B . . o
| BABMERE Lo i

B S5-10 R SARR S 304 VRML 87E 8847 I8
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IR JCHEHEE A g ) nf fi4L

2. MERBISCHHENTE, BEERLE OHERXTHSEIG. FOASREIT
R R ARIRE SR R RSB, e R ENR, fIHE A
%EBIEIEE MY EFECRE., OpenGL £ EFIEHNVE LD EFEIT P
AR EIT O, IRE SR, REMEM RS, HrhaEITxaiE
EREBEAFERIT . EWEEEAERITR. R EsEI . R
eIT %%, #ET A glEnable 5% glDisable e 85¢R. 4 OpenGL P, JEME
TR AR R ER B S X IR B (3 R A A2 % (ambient). ¥ &8t (diffuse).
W RS (specular) FaEEPMUIE, REHAEGENR. K4, JCEENLTE
N BESE (position), BRIREBEZMNIE (B 91 RKiIni&im B
R, fENSHNEZ /GETIAA glEnable (GL_LIGHTING) 7T %M 4b38
Ik,
3. RPOREHAL AR R AT AC IR, K RIA T B R B = ekt B4
Jik, A GIBIERR S RAE I R R AR, EEhRR
FEER/RHRFEGE, FNERBR Y ESRPE BRI &
BRI B TE . OpenGL PRHIVE R 4L, 2. B4R, MRBEYVAERERE
WL, &, EAERNEEXRE, MY EGREELERR S H LR,
ANBI AT E. 78 OpenGL #, giColor, glLight, glMaterial, glNormal,
glShadeModel &£ 5 hF 5%,
4. FIAEINSIH T B #E4% (NURBS) #2idhfn B ac. 43t ol 8 At th i & o=
M%), OpenGL IRt T — MR TESNEN4Z FMERED, 1 GLU
FER ) NURBSH#O . 7EOpenGLA, & FANURBSHE (3 sk Ii #h i 42 1 Al #4240 F 20 3%
BT

(1) ZRECEE 3260 e WU REIEH

(2) AREEARE, TEEE SR, BRI EglEnable

(GL_AUTO NURMAL) AEZHARX,

(3) GIHINURBSXT 2L i, wWidgluNewNurbsRender g3 5E X

(4) WENURBSI R B, HidgluNurbsProperty ki &

(5) HgluNurbsCallbackRZE 2 B F AR,

(6) WEHMMmEHITHEIRE, HIABEEgluBeginsurface TR LS,

(7) ApFnexFIhm, BT R glNurbssurfacet#, LAEHIA. ¥

-
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VNI A S e X BB )RR R E PR

ARERE, HEREIANESLISH,
(8) WHEAMMLHSREE, HAMEeluEndsurface 5T

5.7 BT OpenGL A9 =H AL LA AR

E—HEAA OpenGL M EHWIET T EX BT, K—WRITER =%
BRI r b ab s, AIERN, B30, B9, RS —-EnaE,
LOAWALE. EREASEMEEFREARMENET, =4 85Tk
SHE, R—MEBKIHEE. RAIX The Charles iM% (Loop
smooth subdivision > EixEPOYH TR R T IX— . WE 5-11 Pk

LN NN ARSI

B 511 B ARAEREN
MEE—MISPENZATT, NESA LTS, FHNEEXSA L, &
REM—ADZMET, SRTEADZRET. EXBOERT, Homh,
PR T 5 T2 e (1 96 S SRR A, FERLSE L A BRI L A et 7, i
FELEBBRATE. B 512 ETREENLE.
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PR R S E R af B

W 512 TERmEREAATE

2. THANEFHAE: ~ A= HYEREAREEAN =4 Bii. BATH OpenGL #)
FETUNZ 4R =g iritdir, S=49EamITk. B3 Lk
ZHAMES), LB LT SR
(1) ¥EMRINWBAHE T4 . TLA OpenGL F K
glLoadName(GlInt name) A 34T % (IR H B S ¥ A 2).
(2) EEREATHCYEEN: glRenderMode(GL_SELECTION), (3)
F glSelectBuffer B HUR 7 BLAIiE EEEE MK .
(4) FtAEERE TR . EEENRE, SR A R E S AR
B NLERER, HarrERil (pick). HEGHRFHRRAL
B2 FOR—A BN R R, R AT ) v
BaHHMR s erEaEEeR BN ERERGE. B
gluPickMatrix #f PASCERAR & o
(5 REHEREAY) #%3) GL_RENDER. EREMXZ— NN SH
R, B4 RAR A G, TEEREA GL_RENDER Y,
HieRLSHAEEEME . 34 A glRenderMode B LI T I AR,
glRenderMode AR MME L& IR B & H M Rl R4 E 35 BaT Ll
BRI () i 4 E bR
(6) % (5) BREM4E BT, EBRIEEBRAAEIINT B,
B 5-13 RES RS R HE, ERA AR, GRERS—MA% E6)
iz T —HRER.
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VU RS i i 3 FEHHR R = LR A Bl FhIEHI

B 5-13 BHARMEEHHT S fRT L i

3. BV, Sk BmRL RN, B2 B RRETARS AL H AR T A el W,
W] LLSEFRE A AT M. 7E OpenGL P 3 17T LR ARG 7 i 5IE B8
R, REAHLHELERAENBGHOET SR ATEHNBaE. F
OpenGL o, WARM T XHHEEME H RGBA BIEOTEMMNGRERTH., 37T
7E RGBA & O kg iR, W45 AM glEnable(GL_BLEND). 2 /&0l LI
2403 glBlendFunc: JEREM BirMENRERL. EE giColor
EEEM X R EAREIE, TR ORENATHERLRE, REARKNS
RME—R, kFEEHEANR. RETTWT:
GlBlendFunc(GL_SRC_ALPHA,GL_ONE_MINU SRC_ALPHA);
glEnable(GL_BLENDY),
glColordf(1.0,1.0,1.0,0.25);// K5 0.25 Yy AR .
glutSolidTeapoi{1.0);...... Jﬁ%fﬁlj Hir.
5-14 A EH R AT e A

] 5-14 BARYMEE R AT G E
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MOE CHHRE P e a B e L

5.8 &K

AFEYEITRT ZHERISE, 5 thAHHE R8BI 004 R0 & K
HAEERMBERH =4 a® (x,y,2) SRET T EHER, HE2ER, REE
Z2, AEEREEZEEM ERIMMEY T -MRENEMISROEREE. B
Javiie 7 A A OpenGL Xy Z4E¥) (Rt T 8o, BLRANMT S, B, B
%, SCHEEABEMBITHD), S OE)ERE,
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WAT KR RMNE

HoE KEERRME

X RRAITER LR RE BRI LFR L EAAER, FasRss
R#THMERTR.

6.1 LKL

HABRERmRERRE S, KRG T —MIBPERREE, nHE6-1:

¥ % - %

3 " ) 11 1% = ﬁ

¥ x5 @ &8 6 %

R, t&‘} M pd fg {!ﬂﬂ =

& & % i = | I
@& % il B &

B 6-1 JEHIHE = 4R R R R TR I
6.2 RLEREEE
TAVT AKE AR, BRbr, BB S — RPN TR 2 W

BTIRHMER. THUALGERARAMNE,
1. TH 6-2 ZIRATIN Gl B R R 1) U S
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4. —{Ef R R R BB E 6-5

5. =4 MR ARR R 6-6:



VYIRS 4 i R R A B Fhikil

B 6-6 AT RO IMG (2. (I wWSE L. REERKE

6. [H6-7 ERIEREERNYEERE HEMALERMERA:

Eo-7 ARDERERGEZRE

7. Kt EREHNREME 6-8:
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SR AR AL R

B 6-8 WRETERE MR
8. YANBHHMEEME 6-9, 6-10:

PR BBALELR B EHHIES % 500mm, HE RSO SREHECH
FEFS A 500mm, MLEHIEN 1.9, B 69 RRIF— MO FTHSELEE SER
AR, B6-10 RERGEESHERBE LS.

Rt | 2100 2200 23.00] 23.00 | 24.00 | 24.00{ 24.00 | 25.00{ 25.00 | 25.00
WHERE | 2097 2225 23.62| 2390 | 2472 | 24.72| 2499 | 2527| 2527 | 2527
JRERRE | 2100 | 22.00 | 23.00| 23.00f 24.00 | 24.00 | 24.00 | 25.00 | 25.00| 25.00
WEmE | 2197 2225) 23.62| 2390 24.72| 2472 2499} 2527 | 25271 2527
FYEmRAE | 21,00 2200 | 23.00| 23.00| 24.00 { 24.00 | 24.00 | 25.00 | 25.00 | 25.00
WHWA | 2197 .2225) 23.62) 2390 24.72 | 2472 | 2499 | 2527 | 2527 | 2527
FAEFMA | 21.00 | 2200 23.00] 23.00 | 2400 | 24.00 | 24.00| 2500 | 2500 | 25.00
WEFE | 2197 2225 2362 2390 | 2472 | 2472 | 2499 2527 | 2527 2527
s | 2100 | 22,00 | 23001 23.00 | 24.00 | 24.00 | 24.00| 25.00 | 25.00| 25.00
NERYE | 2197 | 2225| 2362 2390 | 2472 | 24.72| 2499 | 2527 | 2527 | 2527
&R | 21.00 ) 22.00] 23.00{ 23.00 | 24.00 | 24.00 | 24.00 25.00 | 2500 | 25.00
MEEAE | 2197 | 2225| 2362 239} 2472 24720 2499 | 2527 2527| 2527
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