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Processing and application of 3D data points by digital fringe

projection method for the ribcage shape measurement

Student: Yi-Ta Chung Advisor: Dr. Jih-Hua Chin

Department of Mechanical Engineering
National Chiao Tung University

ABSTRACT

This thesis studies the processing techniques and applications of 3D data points in the
shape measurement of the ribcage for patientsiwith funnel chest. The 3D data points are
acquired by the digital fringe projection method from-two different camera views. First,
automatic registration and integration methads for combining two point sets of different views
are developed. In registration of data points, points of the same feature in two different data
sets are specified, and a robust algarithm is-developed for finding the best coordinate
translation and rotation matrices that combine two_point sets. In integrating data points,
average blending, linear blending, and quadratic blending methods are developed such that
two data sets are integrated into one seamless and non-redundant smooth surface. Then, a
software system is developed for data points display, registration, integration, and post
processing for the two point sets. The software system is developed using Visual C++
language. Finally, the developed system is applied in the ribcage shape measurement for
patients with funnel chest. The ribcage shapes of a patient before and after the surgery for
placing a fixation bar inside the chest are measured. The effect of the surgery can be evaluated
by comparing the ribcage shapes before and after the surgery.

Keywords: digital fringe projection method, 3D points registration, 3D points integration,
surface reconstruction, funnel chest
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Bz AT S FRP AR L o B b g P s E
Bl R Y- g ’%gﬁ EERRE - He PR RAREZR

2. Pl BT R Tl HE SRR AR TR H = (be
registered) e 4t > ¥ L FH H A b Bl & SR g ik L o

3. B FE L2z aB TR I EE - BTG FARINA A

(non-redundant model ) -

Jit

HEEF AL o en FUd B Fevd ol BEEE R engd e (Characteristic) g 7 ¥
g4 % & (Calibration sample)i& = $Eix » &-51 7% o PR i@ * 7 o g

S E o B R B s s UNIEOR L4 ST o KD B AT L 4o
1.5 55 o
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X
(10,v1) u:
Camera 2

Camera 1
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axis

Optical’r’

axis

B 1.5 H &40 B Ak s S E - Bk & sur L RI[20]

BEE R A A R R 2 MBS P AT L bRy o ¥ P
frfrfic s A 5 (Slope) ¥ % (Curvature) » » F 3% 5 5 F p 37 B o Frfcr s 4 4o 3¢
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M FE R ¥ EIPE B oo Chua % 4 [4]-Benjemaa % 4 [5]-Hiigli % % [6]~Schiitz
FA[TIw 32w a7y 5 Chua e pegbde®d = V7 LW 4B 1.6~ 8 1.7

DT o

Reference Direction

Surtace ??E!.-l..i...

(a) B T L 52 R (b)) %% = =
Signed Distance
d

180 270 360 Angle
— \ | / f = oe

()R HHEHL S W3 T 6 che B M

Bl 1.6 Chua p 372 % i & cr 3 B [4]
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di T/
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Bl 1.7 & #8643 Ac@bcni 47 Bl [4]

AP PR B IS P ARG B L ek S AN R A
745 D B 2 6 e B TR B o MH B B m 0 ) BB B

i8R g E ST AN K T s s A A
P=RQ+T (1.2.1)
Q: R4rBFH P SR RE e L2 7

R:gged »T: &L
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- B E AR R ) BT A G4 de# = (Initial registration)£ #
¥t (Fine registration) °

a4t =% % SVD(Singular Value Decomposition)i# & i# 3+ & 4B » & %
BB end B EA 38w e (Rotation matrix) ¥ = # 42 (Translation
matrix) » & 4cArun ¥ £ [8] - Yau # £ [9] 27w B2 ] -

HrEgt - 42 [CP(Iterative Closest Point)i# & 2272 > 4r@ 1.8 #7
o R RF FAEY B RITOE TR BEFF RF RS L RE

5L

—_
>

FAEL A P RBEETRESEIIPESREE > P T H T Bes
[10] ~Masuda # ~ [11] ~Rusinkiewicz % A [12] - §d } it e 42+ = = Tl gk

B R (= o

W

BY1. 8 ICP /7 higor & BI[19]

O B A D Rk T S M i g PG R R B A
R E T F R SRR det A A g QR E R R A e B
P LA AT S D B A > Zagorchev & A [13]1 * & 4=2 > 4o®] 1.9 #7
7 o Parasnis[14]1# * & # > 4c®] 1. 10 #7757 > Hebert[15] i * + F e 5L Bl >
4o 1. 11 #7577 > Niem % £ [16]#& * ARk > 4cB 1. 12 #7577 > Sitnik & A [17] ~

Chen & A [18]# * “=2, B+ > 4B 1.13 ~ B 1. 14 #757 -
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B 1.9#r=%[13] B 1,10+ #[14]

B 1.11 - F e 5L Rk [15] Bl 1. 12 W [16]
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Bl 1. 13 Sitnik &2 B [17] ®l 1. 14 Chen 42 Bl #%[18]

AR A AR R A B o BEF R FERE AT P

230 p B EREHNE K ¥ Pkl @ (Image binarization) s &d2 >

-

NP AL T A o PeE B AT 2 s JOH B a Y R T B &
etk d i3t B R R L oS B AR i s - AR B T R 2
PRI N2E= a1 IR Il sl EVe

BT B AN (T H I H ARG B AR T

21
~

THEE > R BNV T OELIRFTE C BRI REEA T BB L
ERFTHBELENPE ORI AR YERERAGEAZEFREKAY
TR A AR o — BRI F SARM R R LR T R R A kA
PRAOE GRS > G REEATTAIHIRS > LT RE YT PR R

Br R E U EAER -

1.2.2 = ABFHEL v AE

Br B TR R R REFCFEFRTRES - BFR

=
&
b
W
3
d
Ny
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£ ¥ 4 54 R (Scan line) & A# et (Mesh) 3 A# > X FT HFH ML A
g %3 Masuda % 4 [21]~Lai % 4 [22] - 47§ 46 5 RALPH ¥ § Yau $ 4
[9] ~ Soucy % 4 [23] ~ Turk & ~ [24] -

FhR- L5 KT e e m%%*}# i d i Pl BERES o R -

A2 M A AEEH o 2 BEES o il R A 2 R A I
FHE DREEFOFERE AL FIERT A R E R o N E S
TR R AR o HRR G AT PR FEERT R OF SRS HELR
ok o PIEEE AR A 0 F 2 PIEFE Atk 2F 5 o i i AADIBERR] AT
BT PRIEE ) o $ N L ok R BRI R GRS R
FladELFF R A ol pB T RIS E 0 o FRTR O RS

9

L3740 2 Y BRI FRASL S » SE R R S AN e TR

fa

BB o 1T A RS AR & e 21]
. FA#S TG HTA NIRRT (Source)# B gk T AL
(Destination) = * T
2. KRBT AR A D BT KR TR
MER - RRFRHAOE TS 2R TR RRETH S P DR
TR o WARAETFRAEF e i et mR T FET

B RRETR ) LB ETHR D BT dom 115 4

Scan Line of Source ® Data Point of Source

Scan Line of Destination @ Data Point of Destination
No.0 No.0
i w No.1
g W No.2
No.3 No.3

NO4WM4
B 1.15 & 2m3R% e L m[21]
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3. L&D LBFROBEE > RFH NS BB TR LHHEROT B

(Intersection point) > < Ji BL2 & 5 B 4237 L BLF 4 adf o A4

L B BIL16 RS BBEFTH 2 FHERE AT LR

Scan Line of Source @ Data Point of Source B Intersection Point of Source

Scan Line of Destination @ Data Point of Destination W Intersection Point of Destination
No.0 No.0
i w No.1
il W No.2
No.3 No.3

NWh‘k::::::2::::::=a*=ﬁ¢::$:*’MM
y
L.,

WL 16 & o8 F R i s 2 5 g L W[21]

4 4$%m&g“au‘@%p#mk%%%#ﬁﬂ’ﬁ&%&%&

g3 (Points palr) *Fua—é*ﬁv‘ 1% B P BL TR X fh

%

e AT B FERSAREF LS L UK § R BF
R Al FERN LEBHNROEE TR RRT RIS AR
ROEHBOF P F > RRIF PR F (Ret) HH0F RSB L 5
(Red) » % 5 5 SRSt P40 SUIL B ML v 4 AL BR 0 e

RGO j\,}gygﬂh?,},mx jigq/_i_ﬁ_ s Aegt 4 A g I IREE BOR B

B A (Aedet FxdFd R B EEO) D (B IxdFs A2 B g

Bfoo - B TARd 5 047 B 55 0.53 -
D, A MBEL R A BB E S RRTEBED DT EBEDLR

B 2 F (7 FAER S (Blending) e B 0 d 0 b Fic 5y s £ F

6. FALETAENA DR TAOETAE L BARR Y B G TEE
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BB S BT AR H R 5 DB TR R BT A B

o 2 (SR REEIDER TR H B BB REL o
1. FFLARDAFREP Nblend » 2] %] 12 B B BLE (70 & L 0 - 4

% @ Nblend 5 15 B 1.17 % & 7R =~ g F 41 L B> S. %

FOREBEFALY i (IR S enmE > D, L RERTRLY i (7R ek |

S BRYREL AR Y 9 BEReFRA > P 1=0,1,...,8° 57 A EE

LR X e R i o A FIIA R EEL AN Y LB o
E RLNE k= S £ IR

i

r'b§m1é.g FLBR 2 o

Scan Line of Source ® Data Point of Source

B Intersection Point of Source

Scan Line of Destination ® Data Point of Destination l Intersection Point of Destination

S

8. BEEARLR A - T A LAMR A - SR H O3S wesN (1,2, 2)

g238(.2.3)7 27 B

i

A g AL o
=012,y Npporg =1

B, = ((Npeng —1—1)xS; +1x D) /(Npjeng —1) (1.2.2)

B, :[(Nblend _1_i)2 xS, +i% % Di]/[(Nblend _1_i)2 +i2] (1.2.3)

9. i * &R & (Linear blending) ¥ #lenig % 7 T > sxrsh~ £ 4

i# % = R & (Quadratic blending)i& {7 /8 =% o AR = 87 = R

2 %t e @ 1,18 f o
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(a) 1% MR (b) 1 #* = =R X
B 1.18 s R A7 - iR A2 B %t i [19]
10, SaBBEFARR S GBI PG TR S B2 B ) OB FALR
AR A BE2 (S AORBETOR o B P B TR~ R R B TR R

o PIRRBETR T LA B RO TR S AL - i

()i * fjH T30@ kL (it * & T kEFE

B 119 &7 L R[21]
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FHR A BT FHE A 0 TR B OFA L - T F AN

A BHUT T B4R 123 H®/ 1. 24 #7 o

-19-
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Bl 1.24 51 & 4 (e e il 7 T (25
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Color Fringe Projection System i

"

ZHEEE M

r

4

FHIL K 2

BAT=3

YA EE

h

r

€3

1 25

h

¥

AR

i3t H

k.

r

HEALE G

e

B 1.28 2%k~ 2 F7 5 > 242

i AR2 Ay B AT

|, fRob- ERA 52 i FRFEIFWLS .
2. AR AR ST B A 6 L D R -
3. i * #i%8 Color Fringe Projection Systemi& {7 2 &% » H ¢ & 5 f 8

P G F s S R R R e AR AT T

=24 -



LR R b MR g B 2 AR R 5 2 AR TR

~

_g_

gl P RFRA AR - SHEPW O E- STV REESH

o =

Pz RATAFREBFRRT FE

(\n
Jit
5
R
=
14
=1
{5k
&
\>‘_
k!
o+
a\
@
|
F*
)

i o RFZ AR R raRR i o

-25.



- N
—

ZHBTHAREE Y 2 A SR

AFRP AFH TR 22 BT A AIEE BT L A AITG 0 F AR - g
W= RETRY Ao R SIS ZEHAEEEL T e 0 #ET B ART
AIZT o 2 FERA S o) B o BF AL - AP ag T o e P I
L2 eir G o @A L RET RIS R LRl Bl B e Rl A 5
o3t ARk sid Y > P E NV ER A EP 2 B4Rk sLi e o
CHEBFR AR e IR L G R B ] A AT i
:s‘v;},té,ﬁéi L %f#;}a‘;wmp\x - I9 s :,jz’rb s Hp %
= TR -
@';gﬁ o

SERUEA  BLATERD Sl -y i Rk
N HC AL F ME R PR AT i 2 =2

ha)BE L AR 8

BAERS N - BEEHTG o G BRI T 6 L BEH G &) B P3ET
2 ;2% & (normal vector) 5 #HHcBF R & &2 Hc v o & % 5
(Least squares fitting) F45&if & T m

A
[271[281[291(30](311(32](33]
S R I S

Given aset of points p,,1<i <k

X, H2Ae g ia PHE TG 2505
d-(Xx—%)=0 >d-X=d-%,=c—>d x-c=0
withda'a=1

(2.1.1D
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let f(&,c) = ZE2

FRA B R AL
- —_ — 1 k e % =3 T: 1 2 -
Find &,c such thatf(a,c):E O'pp)a—cd p+5c” —min.
i-1

subjecttoa’@a—-1=0

Fiat2 Bt P 4E 7 * Lagrange Multipliers Method 17323 j#

4 B3k Lagrange &k -
Dﬁmeuaqzy=an+%za—§a)

of (a C)

T _0,i=123 —Ja, =0,i=123 - _Ja=0
of@Ec) 1 1. -
=(=)p'pla-c
p= %;npa
A _ gL, TEO) 5, g5icc0aFoc
oc oc

EON 2 LT~ (2.1.8)F » 234 (2.1.6) 0
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k
(%Zﬁfﬁi)é—*—ﬁa—ﬂazo (2.1.9)

[(%Zk:f)ff)i)—;ﬁT]é:iéa[M]ézlé (2.1.10)

[M]=(%ZﬁiTﬁi)—LﬁT (2.1.11)
d20(2.1.9)7 |

(%_Zk)ﬁiTﬁi)éz;ﬁTé+ié=Cﬁ+ié (2.1.12)

F1F 280(2.1.8)~ (2. 1.12)7 #-20(2.1. ) FR 4T

k
fa.c)=2a" (Y pp)a—cd proc’
2% & 2

1-.1' = =3 T = 12
=—a (la+c ca p+—C

& (i +of) —ca B+

1 1 e 1o 1
=—jd'a+-ca' p-ca p+=c’ 2.1.13

5 SCa p—cd' P+3 ( )
_Liite el le

2
)

2

d 2802 1L OC2.1.10C 2.1.13)7 4rdeid i B 4E2 f2 5 (M4 2 o] B e

2 Fke o Gy ETE T e L0 R o

2.2 EH- BRPL 5 ARTHELIHE

E3H - Bt o (Paraboloid ) = BT AR A F3%92 4 6 chpEdE & &)

&

Y-z agTaas {(Xy,z) i 0 T BEREEF SR oo

-28-



2= f(X,y)= pX*+ PXY + PyY° + PX+ Py + P =P-Q(x,y)  (2.2.1)

Where ﬁ :(p]_; p21 p3y p4! p5’ pG)
and Q = (x*, xy, y*, X, 1)

BAPRFELT S fod b &

E(P) = EZ(P Q -2z)’

(2.2.2)
WhereQ Q(x y.)
3 EeiFR Z R E AR E
—)VEZZZm:(ls.Q—zi)Qi:ﬁ (2. 2.3)
S (P0ANP=312G

2

TH- B 6 x 6 EE A=>0, Q" - B6x 15w EB=) 70,
= -

b fE AP=B 2 2% P WL At s o ARsS 2 Al o

ixiﬂ' ixisyi ZXZ ’ ixis ixizyi ixiz > ZIXI
=L i=1 i=1 =L i=1 i=1
zxisyi ZXiZYi2 Z‘,XiYi3 ZXiZYi Z‘,XiYi2 zxiyi _pl_ Zzixiyi
i1 i i=1 i=1 =1 i1 i=L
m m m m m p m
PIRSAED RIS NS N ISIED I AND 3 1 Il DI
BN i:lm i;l ni]:l i:%n :nzl i:r# 3= i:n%
zxi3 inzyi inyiz inz inyi in Pa Zzixi
i=1 i=1 i=1 i=1 i=1 i=1 Py i=1
PRSI 3D I D I3 N 35 S S A 1> B B A7
i-L i1 =L i= i i1 i-
DI A 35 S 3 A 3 T 38 21 >z
| imt i=1 i=1 i=1 i=1 i=1 i =
[29](2.2.4)

Foo oot G2 TE B
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z=f(X,y)= P+ PXY+ PaY° + PX+ PsY + Pg

%=2plx+ Py + Py =0
ae (2.2.5)
—’y: P,X+2p;y+ ps =0
oy
2p,p
(—2—ps)
Sx=— P y="EPEP) b Dy py e B,
( _M) P2
P =)
2

(2.2.6)

2.3 A 3% $e 52" (transformation matrix)

WERAAE R PR EERE e E AT H P AR
gk R EL Y 2 5 = 480 15 T g (translation ) ; 2 ~ *2# (rotation); 3 -

p: % (mapping) [34]1[35][36] -

2.3.1 T#

F- B RRE Ay frz e A u ST a b, oo KA He bs B A
AR AT R R AR AR o St B RR AR @ EF - BAThEE o 87

R R (XY Zy) & T PR

X,=X,+a
Y, =Y, +Db (2.3.1)
Z,=2Z,+cC

A XY, Z, 7 LARCA ARk Y e Bk g
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B Az, 30 (2,3.1) T AT T FA550

X,] [1 0 0 afXx,

Y 01 0 b|lY
Trans(a,b,c Yol= m 341 (2.3.2
( )= Z, 0 01 c|Z, [34] ( )

1 0O 00 1|1

2.3.2 ik

Bk - B EERE R A ks x pER AR 0 TR AR A
t; ’ ;(’/‘If\};%( '&\;’)j:‘_*%_/:‘( :‘ft,t‘ ﬁj (xlelem) ﬁj‘-ﬂ’ j‘}&*%'—_/:‘{ “%i‘tl ﬁj (XW7YW’ZW) °

(KoY Zy) 2 (XY Zg) 2 M8 hlE 57 0% 02 % 2038 M oo ) %

X =X (2.3.3)

Y, =lcos(6 +«a)
=l(cos@cosa —sin 4sin &)

) ) (2.3.4)
=|cosacos@—I1sinasin@
=Y, c0s6—-Z_sind
Z,=Isin(0+a)
=|(sin 8 cos cos@sin
( o @) (2.3.5)

=|cosasin@+1sinacosd
=Y, sind+Z,cosé

§25 (2.3.3)2(2.3.4) fr (2.8.5) 7 1475 SN 4T
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Rot(x, 8) =

|

=

&

Rot(y,d) =

Rot(z,0) =

2.3.3 P ik

BR & B iRy XY,z AR R A

S R X,Y,2, B EAEE Z(X,,Y,,Z,) gk T TR g

1 0

0

X 0 N

Y, 0 cos@ -sin@ 0O|Y

Y= . " (347 (2.3.6)
Z, 0 sind cosd O} Z,

1 0 0 0 1 1

Xy cos@
Y, 0
z, | |-sino
1 0
Xy cos@
Y, sind
z,| | o

1 0

B
X, n, o
Y, n, o

— y
T,= 7 |=
) n, o
1
H
¥ on,n,n,

x

N

o

B iEghy W ¥ 7 I B R o A

0 sind 0| X,
1 0 O0fY
: 34] (2.3.7
0 cosé 0| Z, L34] € )
0 0 1|1
—-sing 0 Of X,
cosd 0 O0fY,
" 34] (2.3.8
0 L:0| Z,, 34 ¢ )
0 0 1]1

Q

>

[SE o

N

o

B (XpYLZy) - BP KB

%, 42
4 SLE

B

Py || X,
Y
Pyl s [34] (2.3.9)
P, | Z
11

PPy P, = BF XYz, Atk kg xYyz BiE kA RBZ R A

AE R R XY, 2, B XYz, AR ERE XYz Bk

X $h> w2 Hizw g 5 0,0,0, #%53~F X,Y,,2, BRI XY,2, Bikkik
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Tz BRfRkR y ez HEized ) a,a,a, AUERE XY, 2, ®

W XYz, Btk kiig xyz RiEiA 7 P w2 Hized o
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% 2 %% » Color Fringe Projection System[37]

B * 2

“~

(Mitdr A) 12 LB E R Bt
DLP & # 4= LCD iz 4L 4% » #-CCD AR 1+ B -3 o 2 ficizfp i B &

2o RV AP F R R 2 Unix A ek BRR Y B4 TR Y

Color Fringe Projection System # %828 3% 7+ & Bl4cB) 3.1 #771 o

Object

Digital

Personal
Camera

Computer

LCD
Projector e

PR E R AR R TR L E R ¥ 2 % 425 Color Fringe

Projection System i & B~iF = L Apfah & 2. = BT HLIS » 7 @ % = AgFpE

FHEEFEE S AT o =2 ABTRF =T A 5=

L

- ~FBagEH e

[

~E B el o

ERNE Y & A
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Z Rt o j -z RELTH O TP AR o

B fs¥ ,u;ggl e BBFEY KBEFERFME Rt A2 25 B 0 TR

AL 7 AT B R

Hz amE

AEF B LSRR BT Rk > E AR 2 5T Ctst” 5 d
AP ERY AR L BB TR A PR B -
MR R AL 27 BEFOR @R TAutoCAD 2002 2 p2dp 4 "z M S Ed W
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WE | BT e

3¢ &4 | NRrot(Mat_DP &t, int axis, double ang)

o FERT LA

3% &4 | NRdmatprint(char *str,Mat_DP &m, int nr, int nc)

wpo | e

B.5 A (TP

% AutoCAD 45 51 fz‘@ﬁ%ﬁ» Farx 54 T laod 5 T yitari g4 T ri g

e ek pd ﬁi)—(\l i s o

- 106 -



Command: arx [enter]

Enter an option [?/Load/Unload/Commands/Options]: Load [enter]

File name: yitari [enter]

Command: ri
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[Registration]
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I
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[ Draw Paraboloid

R ICE

[Draw Paraboloid]

9 3% [Draw Paraboloid J-#u® & & 45— B il & et o 2 34255 )

T8 AN iEAR Y B ORAEILMF N AR

R AR ¥

[others])

¥ Show the Step
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[Registration]
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[Registration]
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[Linear Blending]) > [Quadratic Blending] = #& o & * 4% % =t a9 =
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Registration]
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[ Integration]
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[Mesh Right]

Mesh Right
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B.6.1 = B¥ti-iE ¥ 3 25545

void Cdialog: :0nOK()
{
// TODO: Add extra validation here
char fn0[200], fn1[200], fnout[807];
UpdateData(TRUE);
int nnei, npara, nint, i;
double pi,crl, cr2;
crl = 1.3; cr2 = 1.3;
ads_point
gpointl, centerl, gpoint2, center?2, tmp, gpoint3, gpoint4, gpointb, gpoi
nt6, center3, center4, centerb, center6;
nnei=m_nnei; npara = m_npara; nint=254; pi=4.0%atan(1.0);
Chialog: :0n0OK();
//nnei<1500 npara<300
acedCommand (RTSTR, "osnap”, RTSTR, "none", 0);
acedCommand (RTSTR, " cmdecho", RTSTR, "0", 0);

// kkkxxkkkkk  draw  left  Ckkkkkkskekkekk

acedCommand(RTSTR, "erase", RTSTR, "all", RTSTR,"", 0);

acedCommand (RTSTR, " layer", RTSTR, "Make", RTSTR, " left", RTSTR, "
color", RTSTR, "blue", RTSTR, "", RTSTR, "", 0);

strepy(fn0, "d:/a2002/test0. tst" ) ;draw_fn(fn0);

acedCommand (RTSTR, " layer", RTSTR, "set", RTSTR, "0", RTSTR, "", 0)

get_point(gpointl);

get_point(gpoint3);

get_point(gpointh);

1f(m_bStep == TRUE)acedGetPoint(NULL, "\n Get 3 Points!! Get
Point to Continue", tmp);

acedCommand (RTSTR, "erase", RTSTR, "all", RTSTR, "", 0);

if(m_bFAPointl == FALSE) for(i=0;i<3;i++) centerl[i] =
gpointl[i];

1f(m_bFAPoint2 == FALSE) for(i=0;i<3;i++) centerd[i] =
gpoint3[i];

if(m_bFAPoint3 == FALSE) for(i=0;i<3;it++) centerb[i] =
gpointb[i];

/] ¥KKRRRXRKR find apex FRRRRKKRK

if(m_bFAPointl == TRUE)

find_apex(fn0, nnei, npara, gpointl, centerl, &crl, m_bPlanar, m_bPara)
if(m_bFAPoint2 == TRUE)
find_apex(fn0, nnei, npara, gpoint3, center3, &rl, m_bPlanar, m_bPara)
if(m_bFAPoint3 == TRUE)
find_apex(fn0, nnei, npara, gpointb, centerb, &crl, m_bPlanar, m_bPara)
/) RRRKRKRERK re  draw  left kvkwkikdkk
if(m_bStep == TRUE)
{
draw_apex(centerl, crl);
draw_apex(center3, crl);
draw_apex(centerb, crl);

acedCommand(RTSTR, " layer", RTSTR, "set", RTSTR, "left", RTSTR, ""
005
draw_fn(fn0);

acedCommand(RTSTR, " layer", RTSTR, "set", RTSTR, "0", RTSTR, "", 0)
acedGetPoint(NULL, "\n Get 3 Points!! Get Point to
Continue", tmp);

}//end if

// FRRRRRRRRX draw  right kekkkkkkkkk

acedCommand (RTSTR, "erase", RTSTR, "all", RTSTR, "", 0);

acedCommand(RTSTR, " layer", RTSTR, "Make", RTSTR, "right", RTSTR
"color", RTSTR, "magenta", RTSTR, "", RTSTR, "", 0);

strepy(fnl, "d:/a2002/testl. tst");draw_fn(fnl);

acedCommand(RTSTR, " layer", RTSTR, "set", RTSTR, " 0", RTSTR, "", 0)

get_point(gpoint2);

get_point(gpoint4);

get_point(gpoint6);

if(m_bStep == TRUE)acedGetPoint(NULL, "\n Get 3 Points!! Get
Point to Continue", tmp);

acedCommand (RTSTR, "erase", RTSTR, "all", RTSTR, "", 0);

if(m_bFAPointl == FALSE) for(i=0;i<3;i++) center2[i] =
gpoint2[i];

if(m_bFAPoint2 == FALSE) for(i=0;i<3;i++) centerd[i] =
gpoint4[i];

if(m_bFAPoint3 == FALSE) for(i=0;i<3;i++) centerb[i] =
gpoint6[i];

// ¥kkkRRRRKK find apex Kkkkkkkkk

1f(m_bFAPointl == TRUE)

find_apex(fnl, nnei, npara, gpoint2, center?, &cr2, m_bPlanar, m_bPara)
if(m_bFAPoint2 == TRUE)
find apex(fnl, nnei, npara, gpoint4, center4, &cr2, m_bPlanar, m_bPara)
1f(m bFAPoint3 == TRUE)
find*apex(fnl; nnei, npara, gpoint6, center6, &cr2, m_bPlanar, m_bPara);

[/ kkRERRKKKkX  re  draw right seskskskskskskskekok

if (m:bStep == TRUE)

{
draw_apex(center2, cr2);
draw_apex(center4, cr2);
draw_apex(center6, cr2);

acedCommand(RTSTR, " layer", RTSTR, "set", RTSTR, "right", RTSTR, "
", 0);
draw_fn(fnl);

acedCommand (RTSTR, " layer", RTSTR, "set", RTSTR, "0", RTSTR, "", 0)
acedGetPoint(NULL, "\n Get 3 Points!! Get Point to

Continue", tmp);

}//end if

acedCommand(RTSTR, "erase", RTSTR, "all", RTSTR,"", 0);

strepy(fnout, "d:/a2002/tmp. tst");

registration(fn0, fnl, fnout, centerl, center?, center3, centerd
centerb, center6);

if(m_bStep == FALSE) acedCommand(RTSTR, "zoom", RTSTR, "e", 0);

acedCommand (RTSTR, "regen", 0);

B.6.2 H ghtti=i& X 3 425548

void Cdialog::0OnRegisl()
{
char fn0[200], fn1[200], fnout[807;
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UpdateData(TRUE);

int nnei, npara, nint, i;

double pi,crl, cr2;

crl = 1.3; cr2 = 1.3;

ads_point gpointl, centerl, gpoint2, center2, tmp;
nnei=m_nnei; npara = m_npara; nint=254;
CDialog: :0n0K();

//nnei<1500 npara<300
acedCommand (RTSTR, "osnap", RTSTR, "none", 0);
acedCommand (RTSTR, " cmdecho", RTSTR, "0", 0);

// kkkkxxkkkk  draw  left kkkkkkkkkkk

acedCommand(RTSTR, "erase", RTSTR, "all", RTSTR,"", 0);

acedCommand(RTSTR, " layer", RTSTR, "Make", RTSTR, " left", RTSTR, "
color", RTSTR, "blue", RTSTR, "", RTSTR, "", 0);

strepy(fn0, "d:/a2002/test0. tst");draw_fn(fn0);

acedCommand(RTSTR, " layer", RTSTR, "set", RTSTR, "0", RTSTR, "", 0)

get_point(gpointl);

if(m_bStep TRUE )acedGetPoint(NULL, "\n Get 1 Point!! Get
Point to Continue Registration", tmp);

acedCommand (RTSTR, "erase", RTSTR, "all", RTSTR, "", 0);

1f(m_bFAPointl FALSE) for(i=0;i<3;i++) centerl[i]
gpointl[i];

// kkxxkpkkkk find apex Fkkkkkxkk

if(m_bFAPointl TRUE)
find_apex(fn0, nnei, npara, gpointl, centerl, &crl, m_bPlanar, m_bPara)

5

// kkkkxkkkkk  re  draw
if(m_bStep == TRUE)
{

left sdkskrkkdork

draw_apex(centerl, crl);

acedCommand (RTSTR, " layer", RTSTR, "set", RTSTR, "left", RTSTR, ""
,0);
draw_fn(fn0);

acedCommand(RTSTR, " layer", RTSTR, "set", RTSTR, " 0", RTSTR;."", 0)
acedGetPoint(NULL, "\n Get 1 Apex Point!! Get Point to

Continue Registration", tmp);

}//end if

// kkkkxkkkkk  draw right Xekksksskskskskekek

acedCommand(RTSTR, "erase", RTSTR, "all", RTSTR,"", 0);

acedCommand(RTSTR, " layer", RTSTR, "Make", RTSTR, "right", RTSTR
"color", RTSTR, "magenta", RTSTR, "", RTSTR, "", 0);

strepy(fnl, "d:/a2002/testl. tst");draw_fn(fnl);

acedCommand(RTSTR, " layer", RTSTR, "set", RTSTR, "0", RTSTR, "", 0)

get_point(gpoint2);

if(m_bStep == TRUE)acedGetPoint(NULL,"\n Get 1 Point!! Get
Point to Continue Registration", tmp);

acedCommand (RTSTR, "erase", RTSTR, "all", RTSTR, "", 0);

1f(m_bFAPointl FALSE) for(i=0;i<3;i++) center2[i]
gpoint2[i];

// FRkxkkkkkk find apex kkkkkkkkk

if(m_bFAPointl TRUE)
find_apex(fnl, nnei, npara, gpoint2, center2, &cr2, m_bPlanar, m_bPara)

’ /] KRERIRRK re draw  right RRkkkkkkkkk
if(m_bStep == TRUE)
{

draw_apex(center2, cr2);

acedCommand(RTSTR, " layer", RTSTR, "set", RTSTR, "right", RTSTR, "
", 005
draw_fn(fnl);
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acedCommand(RTSTR, " layer", RTSTR, "set", RTSTR, " 0", RTSTR, "", 0)

acedGetPoint(NULL, "\n Get 1 Apex Point!! Get Point to
Continue Registration", tmp);

}//end 1f

acedCommand (RTSTR, "erase", RTSTR, "all", RTSTR, "", 0);

strepy(fnout, "d:/a2002/tmp. tst");

Regisl(fn0, fnl, fnout, centerl, center?2);

if(m_bStep == FALSE) acedCommand(RTSTR, "zoom", RTSTR, "e", 0);

acedCommand (RTSTR, "regen", 0);

B.6.3&AEN 12N

void Cdialog::OnIntegration()

{
char fn0[200], fnout[200];
int nint, blending;
UpdateData(TRUE);
CDialog: :0n0K();
nint=m_nint;
blending=m_iBlending;
strepy(fn0, "d:/a2002/test0. tst");
strepy(fnout, "d:/a2002/tmp. tst");
1f(m_bReDraw TRUE) draw_int();
integration(fn0, fnout, nint, blending, m_bStep);

B.6.4 £ RIAR & = BT
E ALY Rt

void Cdialog: :OnButton4()
{
char fnin[80];
strepy(fnin, "d:/a2002/int_L. tst");
FILE *fpin;
int n,m, 1, j;
ads_point pt;
CDialog: :0n0K();
acedCommand (RTSTR, "erase", RTSTR, "all", RTSTR, "", 0);
fpin=fopen(fnin, "r");
fscanf (fpin, "%d %d", &m, &n);
acedCommand (RTSTR, " 3dmesh", RTSHORT, m, RTSHORT, n, 0);
for(i=0;i<m;i++)
for(j=0; j<n; j++)
{
fscanf(fpin, "%1f %1f %1f", &pt[0], &pt[1],
&pt[2]);
acedCommand (RT3DPOINT, pt, 0);
t
acedCommand (RTSTR, " zoom", RTSTR, "e", 0);
acedCommand (RTSTR, "regen", 0);

return;



B.6.5 + R4 & = HEBLFH
RiVY R IENB

void Cdialog::OnButton3()
{
char fnin[80];
strepy(fnin, "d:/a2002/int_R. tst");
FILE *fpin;
int n,m i, j;
ads_point pt;
Chialog: :0n0OK();

acedCommand (RTSTR, "erase", RTSTR, "all", RTSTR, "", 0);

fpin=fopen(fnin, "r");
fscanf (fpin, "%d %d", &m, &n);

acedCommand (RTSTR, " 3dmesh", RTSHORT, m, RTSHORT, n, 0);

for(i=0;i<m;i++)
for(j=0; j<n; j++)
{
fscanf(fpin, "%1f %1f %1f", &pt[0],
&ot[2]);
acedCommand (RT3DPOINT, pt, 0);
}
acedCommand(RTSTR, "zoom", RTSTR, "e", 0);
acedCommand (RTSTR, "regen", 0);

return;

B.6.6 % % = BT A
ENT R TR T

void Cdialog::OnButton2()
{
char fnin[80];
strepy(fnin, "d:/a2002/final. tst");
CDialog: :OnOK();
FILE *fpin;
int n,m i, j;
ads_point pt;
Chialog: :0n0K();

acedCommand(RTSTR, "erase", RTSTR, "all", RTSTR,"", 0);

fpin=fopen(fnin, "r");
fscanf(fpin, "%d %d", &m, &n);

acedCommand (RTSTR, " 3dmesh", RTSHORT, m, RTSHORT, n, 0);

for(i=0;i<m;i++)
for(j=0; j<n; j++)
{
fscanf(fpin, "%1f %1f %1f", &pt[0],
&pt[2]);
acedCommand (RT3DPOINT, pt, 0);
}
acedCommand(RTSTR, "zoom", RTSTR, "e", 0);
acedCommand(RTSTR, "regen", 0);

return;

B.6. 7T #2315 1 2575

void Cdialog::OnButton6()
{

&pt[1],

&pt[1],

// TODO: Add your control notification handler code here
char fnin[80];

strepy(fnin, "d:/a2002/final. tst");

CDialog: :OnOK();

FILE *fpin;

int n,m 1, j;

ads_point pt[2][255], pt1[255], gp, tmp;

double YYY,c, r;

r=5.0;

Chialog: :0n0OK();

acedCommand (RTSTR, " layer", RTSTR, "Make", RTSTR, "Section0", RTS

TR, "color", RTSTR, "green", RTSTR, "", RTSTR, "", 0);

acedCommand (RTSTR, "osnap”, RTSTR, "near", 0);

acedGetPoint(NULL, "\n Get a nearest Point ", gp);

YYY = gp[1];

acedCommand (RTSTR, " sphere", RT3DPOINT, gp, RTREAL, r, 0);

acedGetPoint(NULL, "\n Get Point to Continue!! ", tmp);
acedCommand (RTSTR, "osnap", RTSTR, "none", 0);

///acedGetReal (" Input Y :", &YYY);

//acedCommand (RTSTR, "erase", RTSTR, "all", RTSTR, "", 0);

fpin=fopen(fnin, "r");

fscanf (fpin, "%d %d", &m, &n);

for(j=0; j<n; j++)

{
pt[0][n][0]=0;
pt[0][n][1]=0;
pt[0][n][2]=0;
}
for(j=0; j<n;j++) //read frist line
{
fscanf(fpin, "%1f %1f %1£", &pt[1][j][0], &pt[1][j][1],
&ptl11Li102];
}
for(i=1;i<m;i++)
{

for(j=0; j<n; j++)
{
fscanf(fpin, "%1f  %If

%1f",  &pt[0][j]1[0],

&pt[07(5]01], &ot[0][j][2]);

}
if(YYY<pt[1][

0 && YYY>pt[0][0][1]) break;
if(YYY>pt[1][0

[

+

1]
1] && YYY<pt[0][0][1]) break;
1f(YYY==pt[0] [1]) break;

1
1
0]
for(j=0; J<n i+

if(i== m-1)acutPrintf("Not Found!!");
}
c = (YYY-pt[0][0][1])/(pt[1]1[0][1]-pt[0I[0][1D]);
acutPrintf("i = %d",1);
acedCommand(RTSTR, " layer", RTSTR, "Make", RTSTR, "Sectionl", RTS

TR, "color", RTSTR, "red", RTSTR, "", RTSTR, "", 0);
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acedCommand(RTSTR, "3Dpoly", 0);
for(j=0; j<n; j++)
{
acedCommand(RT3DPOINT, pt[0][j], 0);
}
acedCommand(RTSTR, "", 0);
acedCommand(RTSTR, "3Dpoly", 0);
for(j=0; j<n; j++)
{
acedCommand (RT3DPOINT, pt[1][j]1, 0);
}
acedCommand(RTSTR, "", 0);



acedCommand(RTSTR, " layer", RTSTR, "Make", RTSTR, "Section2", RTS
TR, "color", RTSTR, "blue", RTSTR, "", RTSTR, "", 0);
acedCommand(RTSTR, "3Dpoly", 0);
for(j=0; j<n; j++)
{
pt1[j100]=Cpt[1][I[0]-pt[0][jI[0D*ctpt[0][jI[0];
pt1[jIl2]=(pt[1][j1[2]-pt[0][jI[2D*ctpt[0][jI[2];
pt1[jI[1]=YYY;
acedCommand (RT3DPOINT, pt1[j], 0);
1
acedCommand(RTSTR, "", 0);
acedCommand (RTSTR, " zoom" , RTSTR, "e", 0);
acedCommand(RTSTR, "regen", 0);
acedCommand(RTSTR, " layer", RTSTR, "set", RTSTR, "0", RTSTR, "", 0)

return;
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