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[0050] %7 % AL BEAS 22 30 A 54 G R LUEAT MR ¥ A B 0 (W R AR 10 mp S A L 3
(CPU) A7 fiti 7% (RAM) FIAGILH AR IS A / fnth (1/0) Zhig.

[o060] LI & » £E Frs St ] o, IX L8 A 1w e B AR B 18] 2 mh B AR A3 3D HLER
WAL FEIE 2, FERCYHED UK 30 1, 2N IRAHML 24 B BRE— S BASHE LU 3 5% KR EE 2
HE, 1ZWL T REAE 3D 2% 8] FP AR PR SARALZ AR A i FLX B Tz AR T R R AT
NPl S

[oo61]  ZMRIE] 3, FELE 7 I, AHELD SRR XA (RE AR 40 B B R i
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[0063]  if it AEFR il M9, 75 LR BRI SCHR P 20T T T ISR A HE R 7 R 1 4%, 1X
LR SCHRELFE BRI “Methods and apparatus for machine vision inspection using
single and multiple templates or patterns( F T-{¥ F 84N F1 2 S EH Bk K = 04T 0L
PR A Y I VER B ) 7 S E L F) 6, 748, 104 BRI “Machine vision methods
for inspection of leaded components( T X4 5] S BB AFEATH & B HL 5% 77
)7 1 3E E EFH 6, 639, 624, B ik “Nonfeedback—based machine vision methods
for determining a calibration relationship between a camera and a moveable
object ( i T g G 5 W B sl R 2 A AR R R T R ALAS AL T3 ) 7
HIZEEEF] 6, 301, 396 Frdii A “Machine vision calibration targets and methods of
determining their location and orientation in an image ( HLEEMLBEAEUESE R 2
EATTE G A B ) 17732 ) 7 136 &R 6, 137, 893 bRl A “Machine vision
methods using feedback to determine calibration locations of multiple cameras
that image a common object ({8 A KA A 2 X WA IR B 1) 2 MR BN HERL
B IALES O 75 7 SR E LA 5,978, 521 AR 4 “Machine vision methods using
feedback to determine an orientation, pixel width and pixel height of a field
ofview (8 A S ik i s #L Y BC Ik A5 35 06 B2 AR 2 v R O PL s AW o 7 7% ) 7 I SE [ &
H) 5,978, 080 x4 “Nonfeedback—based machine vision method for determining a
calibration relationship between a camera and a moveable object (FH T-HiE A4 HL
SRR A IR HER R 4RSS T RIS A 7715 ) 7 (56 1 &0 5, 960, 125 4
WA “Fast high—accuracy multi—dimensional pattern localization (PR mHENE £
A % A ) THIZE E B 6, 856, 698, bRl ki “Fast high—accuracy multi-dimensional
pattern inspection (PRI SHERHE 2 4R ) 7 3L E LA 6, 850, 646 LA AR & A
“Fast high-accuracy multi—dimensional pattern inspection ( P & e E 2 4k K %=
) 7 S E LR 6, 658, 145, XL RS 5 H & & T . 78/5 =5 A Pk
TR B A AR A SO S LT FR Ol “PatMax 7,
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THIE DhRE % B BIR S5 R/ sAH SR ek e Thie ) Bl r i 2 4eis
AT I TR) SR R) SR AL R0 52 12 1R G A B A PR 5 o IR BB 2] DL B0 B VB R S (1
WOCTAERE ) (BB A BB R IR QIS RIS ) , B X SRR AR AR T 2 12 [R38AT I [R) B
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A BB WA A -
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PIRRT 60 A FLRHTHLZ R R RUE. (R FAIRIE% ) o i T A FBURAT fe i T
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TERIBERL ) [z, WA T E B RING——AL, R ERTiR S8 A7 B2
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[0074]  FEIZATHSRID B 34, BUF AP AL FE AT 22 FE T IR R R IR RAEN S 12 IBFT I
[i1) Pl 45 P 4% 22 07 2N B RIAR B e vE 20 B8 32 U3 Im) % 1) ) ) o) P ¢ 42a-42¢ i —A B
ZAEX S 12 L 3D 28 (a4 BB T = MAIEE . EFT R SRR, X% 12 fFR L2 1T B )
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T H RN B ZARIBAT I TR) A5 P 45 22 07 A7 B, 050 FH AR A v o B A 1) 0 ] 1) e S
SR TS A P S AT AH Y FEAHAL 24 1A% 1945 2= 5 A7 B 5 L8 1 52 B O 1% _Eak 3D Dl
ERAH IR, A 2 2D A T H R ol G LRk 5| FH 45 & 192 E LR 6, 748, 104,
6,639, 624.6, 301, 396.6, 137, 893.5, 978, 521.5, 978, 080.5, 960, 125.6, 856, 698,
6, 850, 646 L% 6, 658, 145,

[0076] PS4 B () = A INEE W] DR TE R EE” 1 = A IEE, 5] iR 3 B 2 AT £ 4
3D gk (SR B ZAHAHNL) 1AZ Ui e 25 8 BRI E o B, BUE N B, = lEamT L
JE TR, Forh o e B R4 B A DURTE B R T ek (B0 4064k ) ke, i B
R () LR SRR (1) ML R R G % LA TR LA E (5
WILE VI ZRB B A E )

[0077]  FEPT RS2t b, AR / SR = A EE A R T < N T s B TR
H B S R PTG 22 4% 3D OS2k (R H 2 AN RARNL 24) 2 RIS i (BT a8 s ) [k
KI7iE W, £ NI AN TRARNL 24 R EHE R B2 2 B % (BUEYEMRL UL, X8 %
(BRI RS ) AT PRI AR BUTE 2 40ORER I UL T, R SR S/ T L6 7 ke e IR A8l
ZRAE 3D 25 [A) P AT A5 A B B AT s B AT () A (B2 1) el A e e 2R 1 )
R, 7E2K B IEAHAL 24 SR 2 A B R R ST 2 064 EIEGT, "R SN
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[0078]  Pron st A LA s (BRCMREAR ) R HOCE MBI Z K&/ (8377
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VB TEARATIE DL T, ZEIBAT IN R 2 3R 34 J1 18], 25 i SR A B2 Ik AT IN TR) B S TR IR BT 58 (8K
SRR, B SRR ) BT RO 3D SRR E S, LA (FEAH RIS OLT ) BRI
A B B A B

[0079] &, %fE B HARMARS (RIS EE w SCRIRT G ERAN BSR4 B fE
T HE R AHENT SE PR A B T R E R B2 E R ) TR RER i SR sSeIiAa v
I, 48, B A ] 28 KT G BRI IE AT I ) S R G LT (BB A — e 2 A
FENAR A B BH Y, BO6 B S A R i REEEI S EME ) , s AT I AP B 34 ] i
TER GRS 1 H, VER 55—, AT AP ER 34 Al A fE 23 R AR 1 4% 24 B %
JR S AR (SRR U, 4R H S B R R SRR Y AL B 14 ), IS 5 2 iy
B AR 2 R LA TR TR (RMS) R ZE He/he IR T2 — BABAGREZE 17 i,
WA TACE = AR, A a5 .

[0080] Y, %MEEE AR RS (RlE B e A% E AT B S B it
TR AHEWT SE PR A B P R B HE R 2 HE R ), FR RGEM 1% F Sk SEEAS P
I, 0, RS AR WO AN e Sl 2 i () dn CLE K B SR A B S ) — IR ] 5 B T
IR EAH LBk A A / AR RO E ) , BATH AP IR 34 hn] e X R R 4.

[oos1] il H., /E 4 55—, i@ 47 i 1) 20 58 34 w46 238 R 1 4 24 B O I & R 5
(K74 (EAERHL UL, HH 5 B R ST N A B 5 ), DI 5O E A h sk
=AMEEZ [ PSR T (RMS) iR ZEm /N B, AR AM AP RS K
Z (Rl Eprik s Zus K %) 19 3D AL &, FHPUIAE EATAH N FAHAL A ) 2D R AL E .
JIT PN ) LG AN B W] g S B A R R A B AR B < S P Tl ) P v L 5 SEE B I A )
FG A B 1A) B et — 26 ] P e @ R A 22, W R g m] 7 AR 4 i sl B il
Hlo B ACHBBIAE Ry B, w45 206 1 P S8 ) AN HE 3D A7 B R — M I ER R 2 1) 3D AL E
YRR s bAh, FEAME (T ) A7 B 5 S BR A7 B 2 TR IR EE B AN RIS DL, 384T I [R) 232 B
34 AR AR TE M I B Il A

[0082] i TR R B S UM IR B, ZE YN ZRAE AT I TR B B B 18], By 7 s i 49 m] ) 4k
AN B R AL BRI o — B R R B . B, R 28— REAENL 24 76 16 BEAb3R
HzE %, H— RAENUREUE T5 58— RO M UAH R A [R]—E e, AT B840 7R 2448 15+/-10
FE I b T HRZ I 5 o AL, 25 5 ok B — D I SR A 8, AT & R A7 T 3D
HEe s ik, BATAPE 2O #2158 — RUENLRIA b, HAOMZBE S T HRIZEIE.

[0083]  UWIRMAEZREZIRE (RIEAE S TE XA )2 B S AH U A SE
B ) 5 W 7= S AT 23 A AR ] BRI N S R a0, A8 Bk iE 51 H 454 1ks
@A “Fast high—accuracy multi—dimensional pattern localization (PRI EHERIE £
Y Z AL RISE EEH) 6, 856, 698, bRk “Fast high—accuracy multi—-dimensional
pattern inspection (PR SHERAIE 2 4k B A0 ) "S5 B LA 6, 850, 646 Fr i A “Fast
high—accuracy multi—dimensional pattern inspection (PR mUHER S 2 4k K =Kt ) ”
126 [ &4 6, 658, 145 HH AR KHA, W W= R/F7 41 “P7 “ST”. “Tt” DL “fE28” (kR H
POST-1T ®IFEZAREE ) Z RIIEIZRIIAE, BRI S BI VL EL I, FATTRNE & A2 IE# I VL.
[0084]  RARCHE, FXOA “BE 7 A S ALAS M e T H AT T4 H B % (il anan e A2 ns
L) o FEUEIEOLT , WIABCHE A #1 XA T 3D BEAL A 1, IS AL #2 XA T 3D A A 2 555,
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WERASRAER, W ATl k2 8 F — B B 5 #2 XN T 3D BEAL 55 #2, 1 BT A #1 XN T
3D ARAY A #1

[0085] AR LA IsHE RT SRATAT BT 735 S i 491 Py = £y 00 L T 75 ) B e S PR A

[0086] A T {if n 4% 3D JEEAHAT (BIZH T HHAT 5 n 4% 3D SRR B ~F 5 FlR /N AL
B 5K R AR R AR I IEAZ T (T A S BI 2R IR BE B 107 75 A2 % e B 51408
LR AFAT B AN 1T AT TH AR PR B S 5 N ) o Sl i BUR A G+ AR Ky 451

[0087]

static void solveMinimizeSquareErrorEquations(
const cmStd vector<cc3Vect> &egs,
const cmStd vector<double> &val,
cc3Vect &ans,
double &rmsError)
{
int size = eqs.size();

assert(size==val.size());
[0088]
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ccNMMatrix func(size,3);

ccNMMatrix vals(size,1);

int i;

for (i = 0; 1 < size; ++i)

{
func.element(i,0,eqs[i].x());
func.element(i, 1,eqs[i].y());
func.element(i,2,eqs[i].z());

vals.element(i,0,val[i]);

ccNMMatrix func2 = func. Tmultiply(func);
ccNMMatrix vals2 = func. Tmultiply(vals);

double cnum;
ccNMMatrix result =
ccNMMatrix::solve
(func2,vals2,true/*symmetric*/,cnum, HUGE_VAL);

/M E BT O
if (func2.conditionNumber(false) > 1e12)
throw ccMathError::Singular();

ans = cc3Vect(result.element(0,0),
result.element(1,0),
result.element(2,0));

double sumSqError = 0;

for (i = 0; i <size; ++i)

{

[0089]
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double error = eqs[i].dot(ans)-val[i];
sumSqError += error*error;

}

rmsError = cfSqrt(sumSqError/size);

void cfComputePerpendiculars(const cc3Vect &startl,
const cc3Vect &endl,
cc3Vect &perpl,
cc3Vect &perp2)

cc3Vect diff = end1 - startl;
cc3Vect axes[3] = {cc3Vect(1,0,0),
cc3Vect(0,1,0),
cc3Vect(0,0,1)};
cc3Vect crosses[3];
double lens[3];
int i;
for (i=0;1<3; ++i)
crosses[i] = diff.cross(axes[i]);
for (i=0;1<3; ++i)
lens[i] = crosses[i].dot(crosses|[i]);
int j;
for (i=0;i<2;++i)
for (j = i+1; j < 3; ++j)
if (lens[i] < lens[j])
{
double tmp = lens[i];

lens[i] = lens[j];
[0090]
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lens[j] = tmp;
cc3Vect cross = crosses[i];
crosses[i] = crosses[j];
crosses[j] = cross;
}
perpl = crosses[0] * 1./lens[0];
perp2 = crosses[1] * 1./lens[1];

static void intersectLinesInThreeSpace
(const cmStd vector<cc3DLineSeg> &segs,
cc3Vect &intersection,

double &rmsError)

{
/13 B AE segs.size()*2 A5 #5218 B~F 7 FliR Z B /D) =
int size = segs.size();
cmStd vector<cc3Vect> eqs(size*2);
cmStd vector<double> vals(size*2);
int i;
for (i =0; i < size; ++i)

{

cfComputePerpendiculars(segs[i].p1(),segs[i].p2(),eqs[i*2],eqs[i*2+1]);
vals[i*2] = segs[i].p1().dot(eqs[i*2]);
vals[i*2+1] = segs[i].p1().dot(egs[i*2+1]);

solveMinimizeSquareErrorEquations(egs,vals,intersection,rmsError);

}
[0091] & T sKAFN 3D w5 S AL W 5 BIAH RV 3D Y2k (R 24, AT LUt A FH LA T 75
Fe (XL T7FELL Maple math package 7R, LA H M Waterloo Maple 24 =) )+ 2 A
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Maplesoft K| ), XL FEH T A il € FAhH,

[0002]  ZT7ERAME £l p (RIRA x5y, 2) HRIRA (ox, py, pz, pt) KIFEZIAIFFETS
FRZE e /MRS (AR R a, b, ¢, d, tx, ty, tz KN ) o TER B 3D SR N T4
IR I . 277 R I AHAREOR 2 B RECR RV F T MR 22 . AR5, %071
P BEEE T B SK fE A a, b, ¢, d, tx, ty, tz. VEE, HTAAE T NEE (a, b, ¢, d, tx,
ty, tz) HACH 6 A H HA, BRI T 4 B —H P a giie b 1 HAZER
b, ¢, d FITEIL 3 b e N 1 HAS RN a, ¢, d FIHW P c el 1 BN a,
b, d IO s LA d B 1 HAZE R a, b, ¢ GO,

[0093] quatRot :=

[0094] matrix (4,4,

[0095] [ [akathkb-ckc—d*d, 2%bxc—2%axd, 2%a*ct+2xb*d, tx],

[0096]  [2%a*d+2xb*c, aka—b*b+cke—d*d, 2%c*d-2%a*b, ty],

[0097]  [2%b*d-2%a*c, 2%a*b+2%c*d, a*a—b*b—c*kctd*d, tz],

[0098]  [0,0,0, akatb*b+ckc+d*d]]) ;

[0099] val :=matrix(1,4, [x,y,2,1]) ;

[0100] dot := matrix (1,4, [px, py,pz, pt]) ;

[0101] pos:=multiply(quatRot, transpose(val)) ;

[0102] unit := (a¥atbxb+ckctd*d) ;

[0103] weightMat := multiply(dot, pos) ;

[0104] weight := weightMat[1,1]/unit ;

[0105] weightSq := expand(weight*weight) ;

[0106] weightSqDA := simplify (expand(diff (weightSq, a)*unit*unit)) ;

[0107] weightSqDB := simplify (expand (diff (weightSq, b)*unit*unit)) ;

[0108] weightSqDC := simplify (expand (diff (weightSq, c)*unit*unit)) ;

[0109] weightSgDD := simplify (expand (diff (weightSq, d)*unit*unit)) ;

[0110] weightSgDTX := simplify (expand (diff (weightSq, tx)*unit*unit)) ;

[0111]  weightSgDTY := simplify (expand (diff (weightSq, ty)*unit*unit)) ;

[0112]  weightSgDTZ := simplify (expand (diff (weightSq, tz)*unit*unit)) ;

[0113] YT F KPP B Bk N2, JLh GenericPoly O & F2 U s U SR E0H B8
. R, WRAZ eSS xokx+2kxcky+ysky, W) H 2R AL (generic function) #& fOx2y0skxx
+0x 1y Lkxky+f0x0y 2%y*y, H P f0x2y0 = 1, fOx1yl = 2, f0x0y2 = 1. GenericPoly () #¥%
ALFELE MARS 97, MARS Bl Maple Matlab Resultant Solver £%4:, 1E NAEPR#I M7~ , 1% &
e nn] M www. cs. unc. edu/ ~ geom/MARS A FF A1 A i35 .

[0114] read( genericpoly.map ) ;

[0115] genPoly :=

[0116] GenericPoly (expand (eval (weightMat[1,1]*weightMat[1,1])),

[0117] array(l..7, [a,b,c,d, tx, ty, tz]), ' ' )

[0118] genPolyDA: = simplify(expand(unit*diff(eval (genPolyl[1]),
a)—eval (genPoly[1])*4%a)) ;
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[0119] genPolyDB: = simplify(expand(unit*diff(eval (genPolyl[1l]),
b) —eval (genPoly[1])*4%b)) ;

[0120] genPolyDC: = simplify(expand(unit*diff(eval (genPolyl[1]),
c)—eval (genPoly[1])*4%c)) ;

[0121] genPolyDD: = simplify(expand(unit*diff(eval (genPoly[1]),
d) —eval (genPoly[1])*4%*d)) ;

[0122]  genPolyDTX := simplify (expand (diff (eval (genPoly[1]), tx))) ;

[0123]  genPolyDTY := simplify (expand (diff (eval (genPoly[1]),ty))) ;

[0124]  genPolyDTZ := simplify (expand (diff (eval (genPoly[1]), tz))) ;

[0125] C(genPolyDA) ;

[0126] C(genPolyDB) ;

[0127]  C(genPolyDC) ;

[0128] C(genPolyDD) ;

[0129] C(genPolyDTX) ;

[0130] C(genPolyDTY) ;

[0131] C(genPolyDTZ) ;

[0132]  (VEE, H TR ZEREA L derivative (weightMat*weightMat) , 1 S5 2 (ax
atbxb+ckc+d*d) *derivative (weightMat#weightMat) —4*a*xweightMat*weightMat ( | T¢f
AR T a B TED) (B4 -

[0133] unitkdiff (eval (genPoly[1]),a)—eval (genPoly[1])*4%a)) ;)

[0134] TR BEE I

[0135] deriv(F(x)/G(x)) == (GX)*F' (x)-F&*G" (x))/(Gx)*G(x))

[0136] I, XF T~ b 43 #r, AT W] LLZRE 43 BRI T5 (788 200 0BT X e 3 500 73 BF
H), B BE (asatbxbteketdsd) X T P8 HEH

[0137]  d((a*atbkbtcxctd*d) "2) /da = 4*a* (akatbkbtcketd*d))

[0138] AKXt bk Py 2 (R dk— 20 Ui W, Z5qR80 B T B 77 R FH R 22 pR R DL SR 22 R R
[ F5 . RZEREE) S EOTE B 77 R 5 7 Aok E & o T e D7 AR S 4L
A AR B — R b &, SRS EORT T SR ZE RR A Rl i Ty SO R R L A T
F75 77 RS 78 52 RO NIRRT 5 R E—— RIS 00T RATR A 1% 4
A BATBA fR R Z R FUAREER IE , Ty H A TR 2 AR 22 R LR 5 77 R I807
[0130]  {EfT 7R SEHifs) 4, C £d S5 b PR R ARECR IR I T R4 'E

[0140] typedef struct ptRayGenericPoly

[0141] |

[0142] double faOb0c0d0tx0ty0tz2 ;

[0143] double faOb0c0dOtxOtyltzl ;

[0144] double faOb0c0d0tx0ty2tz0 ;

[0145] double faOb0c0dOtx1tyOtzl ;

[0146] double faOb0cOdOtx1tyltzO ;

[0147] double faOb0c0d0tx2ty0tz0 ;
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[0148] double faOb0c0d2tx0ty0tzl ;
[0149] double faOb0c0d2tx0tyltz0 ;
[0150] double faOb0c0d2tx1ty0tz0 ;
[0151] double faOb0c0d4tx0ty0tz0 ;
[0152] double faOb0Ocldltx0tyOtzl ;
[0153] double fa0bOcldltx0tyltzO ;
[0154] double faObOcldltx1ty0tz0 ;
[0155] double faOb0c1d3tx0ty0tz0 ;
[0156] double faOb0c2d0tx0ty0tzl ;
[0157] double faOb0c2d0tx0tyltz0 ;
[0158] double faOb0c2d0tx1ty0tz0 ;
[0159] double faOb0c2d2tx0ty0tz0 ;
[0160] double faOb0c3d1tx0ty0tz0 ;
[0161] double faOb0c4d0tx0ty0tz0 ;
[0162] double faOblcOdltxOtyOtzl ;
[0163] double faOblcOdltxOtyltz0 ;
[0164] double faOblcOdltx1ty0tz0 ;
[0165] double faOblc0d3tx0ty0tz0 ;
[0166] double faOblcl1dOtxOtyOtzl ;
[0167] double faOblcl1dOtxOtyltz0 ;
[0168] double faOblcl1dOtx1ty0tz0 ;
[0169] double faOblcld2tx0ty0tzO0 ;
[0170] double faOblc2dltx0ty0tzO0 ;
[0171] double fa0Oblc3d0tx0ty0tzO0 ;
[0172] double faOb2c0d0tx0ty0tzl ;
[0173] double faOb2c0d0tx0tyltz0 ;
[0174] double faOb2c0d0tx1ty0tz0 ;
[0175] double faOb2c0d2tx0ty0tz0 ;
[0176] double faOb2c1dltx0ty0tz0 ;
[0177] double faOb2c2d0tx0ty0tz0 ;
[0178] double faOb3c0dltx0ty0tz0 ;
[0179] double faOb3cl1d0tx0ty0tz0 ;
[0180] double faOb4c0d0tx0ty0tz0 ;
[0181] double falb0cOdltxOtyOtzl ;
[0182] double falb0cOdltxOtyltz0 ;
[0183] double falb0cOdltx1ty0tz0 ;
[0184] double falb0c0d3tx0ty0tz0 ;
[0185] double falb0cl1d0txOtyOtzl ;
[0186] double falb0cl1dOtxOtyltz0 ;
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[0187]
[0188]
[0189]
[0190]
[0191]
[0192]
[0193]
[0194]
[0195]
[0196]
[0197]
[0198]
[0199]
[0200]
[0201]
[0202]
[0203]
[0204]
[0205]
[0206]
[0207]
[0208]
[0209]
[0210]
[0211]
[0212]
[0213]
[0214]

AR (GBI pxs pys pz, pt RAE) FEMHIAN) -

[0215]
[0216]
[0217]
[0218]
[0219]
[0220]
[0221]
[0222]
[0223]

b, c,d) J& 3D Jighs (FREE M IRAT ) IIPIICR S, M (tx, ty, tz) 2P -

22

double falb0OcldOtx1ty0tz0 ;
double falb0cl1d2tx0ty0tz0 ;
double falb0c2d1tx0ty0tz0 ;
double falb0c3d0tx0ty0tz0 ;
double falblc0dOtx0tyOtzl ;
double falblc0dOtxOtyltzO ;
double falblcOdOtx1ty0tzO ;
double falblc0d2tx0ty0tz0 ;
double falblcldltx0ty0tz0 ;
double falblc2d0tx0ty0tz0 ;
double falb2c0d1tx0ty0tz0 ;
double falb2c1d0tx0ty0tz0 ;
double falb3c0d0tx0ty0tz0 ;
double fa2b0c0d0tx0ty0tzl ;
double fa2b0c0d0tx0tyltz0 ;
double fa2b0c0d0tx1ty0tz0 ;
double fa2b0c0d2tx0ty0tz0 ;
double fa2b0cld1tx0ty0tz0 ;
double fa2b0c2d0tx0ty0tz0 ;
double fa2blc0d1tx0ty0tz0 ;
double fa2blcl1d0tx0ty0tz0 ;
double fa2b2c0d0tx0ty0tz0 ;
double fa3b0c0d1tx0ty0tz0 ;
double fa3b0c1dOtx0ty0tz0 ;
double fa3blc0d0tx0ty0tz0 ;
double fa4b0c0d0tx0ty0tz0 ;

} ptRayGenericPoly ;

P STt M R InARECR B S R B e 280 B2 p 50 3D 3 (x, v, 2) M

void ptRayGenericPoly addToVals (ptRayGenericPoly*vals,

double
double
double
double
double
double
double

X,
\E
7,
pX,
Py,
pZ,
pt) ;

BT R SE AR V45 2 245 (asby ey d, txs ty, tz) KERRZERREL A (a,
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[0224] double ptRayGenericPoly eval (const ptRayGenericPoly#*vals,
[0225] double a,

[0226] double b,

[0227] double c,

[0228] double d,

[0229] double tx,

[0230] double ty,

[0231] double tz) ;

[0232]  JiroR S5 ke $2 T 5 3 A0 R 4

[0233] double ptRayGenericPoly DA(const ptRayGenericPoly*vals,
[0234] double a,

[0235] double b,

[0236] double c,

[0237] double d,

[0238] double tx,

[0239] double ty,

[0240] double tz) ;

[0241]  double ptRayGenericPoly DB(const ptRayGenericPoly*vals,
[0242] double a,

[0243] double b,

[0244] double c,

[0245] double d,

[0246] double tx,

[0247] double ty,

[0248] double tz) ;

[0249]  double ptRayGenericPoly DC(const ptRayGenericPoly*vals,
[0250] double a,

[0251] double b,

[0252] double c,

[0253] double d,

[0254] double tx,

[0255] double ty,

[0256] double tz) ;

[0257] double ptRayGenericPoly DD(const ptRayGenericPoly*vals,
[0258] double a,

[0259] double b,

[0260] double c,

[0261] double d,

[0262] double tx,
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[0263] double ty,

[0264] double tz) ;

[0265] double ptRayGenericPoly DTX(const ptRayGenericPoly*vals,
[0266] double a,

[0267] double b,

[0268] double c,

[0269] double d,

[0270] double tx,

[0271] double ty,

[0272] double tz) ;

[0273] double ptRayGenericPoly DTY (const ptRayGenericPoly*vals,
[0274] double a,

[0275] double b,

[0276] double c,

[0277] double d,

[0278] double tx,

[0279] double ty,

[0280] double tz) ;

[0281] double ptRayGenericPoly DTZ(const ptRayGenericPoly*vals,
[0282] double a,

[0283] double b,

[0284] double c,

[0285] double d,

[0286] double tx,

[0287] double ty,

[0288] double tz) ;

[0289] {3 1, Vs 0 2R 25 A eR 00R] 22 B BA R 7 914 3% — B0 77 Aok R A 5 H 58 B 2R
P A I 2T T B4 1) Map Le ARG AT & 1ty 2 I,

[0290] void ptRayGenericPoly addToVals (ptRayGenericPoly*vals,
[0291] double x,

[0292] double vy,

[0293] double z,

[0294] double px,

[0295] double py,

[0296] double pz,

[0297] double pt)

[0298] {

[0299] double x 2 = x*x;

[0300] double y_2 = y*y;
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[0301] double z 2 = z%z ;

[0302] double px_ 2 = px*px ;

[0303] double py_2 = py*py ;

[0304] double pz_ 2 = pz*pz ;

[0305] double pt_2 = ptipt ;

[0306] vals— > fa0b0c0d0tx0ty0tz2+ = pz_2 ;

[0307] vals— > fa0b0c0d0tx0tyltzl+ = 2%py*pz ;

[0308] vals— > fa0b0c0d0tx0ty2tz0+ = py 2 ;

[0309] vals— > fa0b0c0d0tx1ty0tzl+ = 2%pz*px ;

[0310] vals— > fa0b0c0d0tx1tyltz0+ = 2%py*px ;

[0311] vals— > fa0b0c0d0tx2ty0tz0+ = px_2 ;

[0312] vals— > fa0b0c0d2tx0ty0tzl+ = 2¥ptkpz+2%pz 2%z—2%py*ykpz—2%px*kx*pz ;
[0313] vals— > fa0b0c0d2tx0tyltz0+ = 2¥ptkpy—2%py 2ky—2*pxkx*kpy+2%pz*kzipy ;
[0314] vals— > fa0b0c0d2tx1ty0tz0+ = 2¥ptipx—2%px_2%x—2*py*y*kpx+2*pz*kz*pXx ;
[0315] vals— > fa0b0c0d4tx0ty0tz0+ = pz_2%z 2+px_2%x_ 2+py 2%y 2+pt 2+2*pzkz
*pt-

[0316]  2*px*xkpt—2%pykykpt+2kpxkx*kpyky—2%pxkx*kpzkz—
[0317]  2%py*y*pz*z ;
[0318] vals— > fa0bOcldltx0tyOtzl+ = 4kpzkzipy+dspz 2%y ;

[0319]
[0320] =, RER 7 XML fa-r' s 2R, L & 1 2R T /4 DA
?%Iﬁﬁﬂﬁ{/\%ﬁz

[0321] F(a, b, c,d, tx, ty, tz) = fa0b0c0d0tx0ty0tz0+fa0b0c0d0tx0ty0tz*tz+fa0b0
c0d0tx0ty0tz2%tz 2+fa0b0c0d0tx0ty 1tz Iktyktz+e-.

[0322] il HAABLF — MR R 2 R AT 46

[0323] fa0b0c0dOtx0ty0tz0 = 0

[0324] fa0b0c0dOtx0tyOtzl = 0

[0325]

[0326] Bz, £ AR A AP (B vy, 2, px, py, pz, pt) FAE) B F BA 2L
ptRayGenerlcPoly addToVals (), H e B i A5 2N BRZE R R 5T,

[0327]  ZHEK] 2 HA] kA0 B8 36, 4914, an KA — A Ja 4, W TR & 468 10 /]
TR SR ZS X HE I UG CR AR B 2% 240 (FEBET7 1T, 4 W] PEARAE BT 7 S 9] 0, A28 AL
24 PERCHEZ S ORp I GE M/ B AS , LRI CEARVEERY B IR 22 R SR ) o IR AP 3R 34
F AT AT B = A U B TR AS I, B RT REAE 0 R 32 TR AT B = A I e A A . Ak, 4
R BAHAL 24 7 AR AT BN, RIEIX L8 R 78 52K A0 B K 3a AT I TR) B R 4 H
I SR AL T 5ok B He AN BSR4 =548 & ATTAR R ) 3D & st i ) A
— N/ BB AR EAL ()40 = st 22 12 FARBLIY 3D J6Zk ) , WIm] A8 A H ok B
S HEAHATL AT 5 S 1 T e Bk A P An IR AP 3R 30 BT ik i [R] — K vEE 7 V2R B
FEHEAR S AHAL o
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[0328]  FEILT I, R ] BEA, 7620 3R 30 CRALD R 36) A s WSS m] 20 A A PR~ AN [R] 28
R B GEHGAR, VE WIBE R B B, W AR BEARAL 24 HEILWZAL I R AL
BRFEAR TRFHEE (RN 8 2 HLIR G Bl i 453wl AR T+ CCD CMOS B
G EIRAIEOK B EAEIE AL E ) 5 DAL IARNL 24 0 T TARS BT IO 45 AR BEARNLHE
I, A B AR . AE2D 3R 36, 440, W] PR T A 37 i mb i HEAR AL S 2 (R ST 77
T P A EEH V5, 490 AN 5 B, TR A 345 IR A2 A A 2 DRAFFELE o

[0320]  JIi7R AR 40 10 Lk A G “ Ry 7 4k, 125 AR 11 AE IS 47 I TB) I B 34 1 1R) R AR 19
A% A ARSI B IO P R 5 I FE AR . ARG T T, BRG] bR R AR e B IR [R] B
(ot b A SR B sOARE T A BE ) ARSI 21 ) B S 0 R 31, JF 2 1 0 — R30I
B SORGREEAL B R 2 o X BA ARG 10 AHXS T RAFIE AR AT LB S RN (% 4k
[0330]  fE&/D—LUSi s b, K5 LA L R m] BE TR EE AR G H] P AE T RS Kb &
S M A ER bR IR A s R X, BOE I R G AP RS e A B sl AT
TR MR A bR — A B AR 2 DOk S AL o 9100, FERR A 58— AR 0L R, &
G PRI REJNTE N R 1) 1] SR Ui AR JEARA LI AL Y, DRI R P 5o A i AR B L
PR BRI 2L BV Iy 2 — &Ry . AEBEIE DN, o T B S R R, JEAH HLAR B8 4 Xt

S AR R R T Pk B i 22 BV — oy s e s . XL, AR5 — IARNL Y
S MEARH LRI SRAT 2R — A F RSB R BRI TR D0 T 5 12 B Sn] BE R 2% HH ILAE 50 — AR AL

M AT WY 5 2 807 T, PRI AR BE >R B 28— RORHALE R B AL B8 B 0 i B SR 9 R
FR& %4 a2 —AE e m . R ERGEARESE = I RAENIE T,
X P G R0 BT G AL 3 R R e O R4 A5 PR il T REAHHLIEMR 1K 2 A0 53

[0331]  7EZ /b —2es i) v, AR AE N SR FE A 1), FH 2 A $AT B ER (A0T) Y ZRit
T, ) FH & A AR PR AN BOE 24 RIS AL 9 AR A, P Fahibr i 24k Bl 2
A5 X 2 A RULE P ERAT IR BEG 0 FR e AR 7 B0 BT R SR Y R X 8, P52 R FH A B
2 AN LRI 16, Forb P P BE ) 24 s0nT tvEBAL CPU/ AL 3RS 73 9% (2L 1) o
)5 A BEAS AP AEAE BT AT UG A S BRI S R AR KR , LLER XA BRAH ML 2 S5 SR X 45
FERT Y 35S “ IO RS (FOT) 7,

[0332]  EEAR %G A ) RO N T4 A5 i 220 b A H R i A, 15 5 0 i X B R ek
Xy CRVEMR I Z A5 ) B AN 5 AR, A SR FROAEATAE AT T 20
658 R AN[F] o BRI, 45140, AR DY AN i i mT A A A — RORHLIE ok LV 5 — B iE 22 4
(IR 7= A ) G P R S TE 7 T8 » AHAH R DU A i n] B A0 R 58 — REOAHATLIE i LAY 28 — 5
T8 22 A A 6 G A R E SR B TR s L e DU IA T .

[0333] Y B, 1% AOT Il ik FEARAT 4] 5, HLAf R 22 REAHAL 3D R4 AR REARM LB
U, LR A sl A AR 58 4 (A — DOBEGR 4 o NS 3R, 7 5B AOT IRt R 00 1R] , P
AR GER ) FEAHATURE 2 BT B R  25

[0334]  FEH™ I FEIAR], ] A AR T A FE G DU THenside 2 AOT. i, 75— 285 i
T, R H PR HF O TR R 28 80 ZEZAF 12 LI Ak e AL, BRI E — 1
TEIE, BAREE — mia2 4 IO GTR 7R 2 B RE T, {E HEARAL AT 43 428 o) LLSRAS R P45

[0335]  {E&/D—S8{E0LT, FaNEOCTe R g8 v B G R AR AL, oA ik Bz g g,
FR7RAR R I ERE B 22a BRI R BHE 'S (FHXZ LK 1) 3878 5z 2000 R,
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PP 45 =4 s B AAE RO I e ST B R A PR IRZ M B EILERROL T, BOCRAERTR
BRI E BN I 23 sl fig s vh S BEAS CIEFE T /. B, $575 4% 80 nl T JT,
I EAERASHIBOCA, M 2918 5 TR 7S A5 FHLN , i35 75 4% 80 W AR MR . FELL, FERFA
MEARALAE AOT YN Zricd R 41 ) G B3R A5 — R SN EHR I DR, THEHLAL B35 a] B 7 4
REAZ IR FEE RN % AR (055, ARSI R ML & DLAESOE IS s
RN ARIRZ AR . EIETEO0T, 7wl fi] B ol B A 22b e 8, LLIRR N i
R 2 I 2R R DR IR R P IS R AL B

[0336]  #%&5, FHI /7 Al A Al FiE7n 4 80 SRIEHEH — XU BR E m, AL AR AL I 3R 43 K15
BB P A =8, 5% . — B X AOT BT F I T AU R e 3R, oSN LAL
A R IR AN FE HEARBLR FOT DL 8248 M. 8 A7 IRARDL & B i FOT 2 )i, 4E
IETEBRAE IR, 2 20 B e AR I 5 AR 3% ] AN 20 B o SRAR AL 5 1 FOT .

[0337] B AR—LBSCili i ] BE SR P B DA R BR & KEUN HEIN AOT, {HAE 2 /b —
LEE] H, H P RS Y BE 2 O D mORBR E Fe AOT AR o, Wl R E / EFE =
RRFE =M1, LA R E IO E A%,

[0338] 15 3 —SEH, OGR4 g A5 AR R O A, UREGE TS (2 WL 1
82) HEIE = A TE B TE 4545 AOT S, HorbiZ AOT 34 544 3 ) JF 56 A 12 BRI LAFR 52
AOT. FEIE, BEASMARNLA] BE DU ZEHABZ T AT Sl B 15, HIRAHBLAL AR v] gl 2 F LUR
Pz BB 22 ) Mz EARNL R IR 1 FOT. EIE, FIFE, KB AOT CFE 1R S nl il B0
TR A R vE SEA LA RS 1 A5 50« 2548 s A T2 LA e vE S LAL BEA% B R 21 1) — 223 5)
(4520 AOT T S N KR VAOT 322 J 5 B2 FR ARk« A AOT 34 5 31300 B2 i 4R 5 HOIRIE AR AL )
VHELHUB A 2 L 1B R S SR AT A

[0339] RN by —3L e s fil, REH PRI E AOT VI ZRFE 7 i Tl K ok ) s R Ui B 3 %
Lo FERHDIBARBLLARRE AOT 2 J5 » 28 1 22 AN IRAHALIRAS IS, TSR AR P 25 A5 B i
BABR R BRI AL BAHNS N BAHDL € I8 FOT, Bl o AH M b fs X 2e AL & & FOI,
[0340] % /b SLSjli i) p, WA AR SEAHBL AT AE AOT VI R e 31 [m) $ 41: , SR i 48
AT 2 a5 AEBETE DL, £E 2 /D 2ESli ), AT AESRAS MR (1 RN £E AOT Ji FEIE A
WO “ 2z J7 HE 5 Bl SR S5 AR AOT 34 5, I rb vF SEHLAL BE 28 4 4t A2 4 A I K B B4
WAL E 22 s R B 06 R A BLAR Bk AU AR L & J&@ 1 FOT.

[0341]  fE& /D25l b, W R RETH S LALBAS vl B R 4 48 AOT YN ZRRe 3R] 7] &R
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