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Abstract: In order to improve the accuracy of the projector calibration in 3D shape measurement using digit-
al fringe projection, a new projector calibration method that combines secondary projection technology and
cross-ratio invariance is proposed. The secondary projection technology is used to solve the mutual interfer-
ence between the projection pattern and the calibration pattern, and the cross-ratio invariance method is used
to avoid introducing camera calibration error. A comparative experiment is carried out to verify the effective-
ness of the proposed method. Compared with the traditional method of projector calibration that requires
camera parameters and that using global homography, the RMS values of reprojection error of this method is
reduced from (0.2275, 0.2264) and (0.1397, 0.0997) pixels to (0.0645, 0.060 1) pixels, and the maximum
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value of the reprojection error is reduced from 1.222 pixels and 0.561 7 pixels to 0.242 1 pixels. In addition,

this method allows the camera to be simultaneously calibrated during operation, and therefore the parameters

of the entire 3D measurement system can be acquired. The above results show that the method proposed in

this paper can prevent error propagation of camera calibration parameters and improve the calibration accur-

acy of a projector.

Key words: digital fringe projection; 3D shape measurement; cross-ratio invariance; projector calibration

e

1 3l

By e = 4B ARy R ARE
i e Ty i, PR E L e B L AN
PR PR AR, TE T A Sy s e T
e GBS A UEA B T R, e
57 ZHEN BRI IEZOUAE 58 U AU
25 R AR AL 1A et P 55 SR Jm il ad
AL BRARH A L8, SR AL A s 1
1115 FH L G 5 1 IR T LA 56 ZR 7 = 22 [ v B A
et

TECHMHS R =i B e b, RGBS Es
SE A B DRI B A B R S . AIBILABR E B
B 2R AR B, TTBUE U REBARHLAREE
AL AR B 5 T SRR MERR OC &R, R —
FLOEMTIEHE AL i i — [, N B 3
T ARZ AR TT ik, AR FE T AL b A A 503
ASCRR RE 7 10271 M T A B AR B A B AUbR 52 T
TN R AR RS B bR RE T A AT LR, FE
TA bR AR AR E 7 ik AN B R I R,
BRI, &) TR, Bz . FET AR
e B AR E T ke A B A R A A P
B BIbRE AR L, SRAE B [N A E AR AR
FIEE SRR AE AT A TEIR, SR S U S S A A 7 4]
B AR, PR AR AL S BOR U
FRAE R AE bR M L 0

SRMIAL G2 T AR p AR B A B AU e T v
FEAEPIAS R 2R B BbRE R LR SR S
CA BIbRE B I S A T, S Rl R S
B B AFAE S RS G (i FH E AR i R AP S ot
ABGEAR R, 77 T RS R iR 24
12, BRI TRRERTEE . T R S A,
Audet"" $2 Tl B I 7 ORI AR 4
SRR s L B, SRR A [ SR A AR E AR
AR S AR S S . O T B LA

WL B 1R 22158, Anwar Z507 i T —Fp & &
TR E AR, B 2 G TAR 2 1 71, AT
G T ARLA bR R 22 i, (R i ek
BWRGENEESE, EiRRE i 4 )5 5N
PR BE AT AR PR AR 4, kB T AHPL SR R 25 4%
386, {H A Jr BN PR A BN RE VA S AR P T S
T 2 - T ) AR 460G 2R, e 0152 2 ol FH P 4R R
BHATILE M, TR AR, 1R EAME,

AT g AR R, A SCHR T — R 4%
AR s R IR H AR R 22 T4
[F) R0 X 5 S AR A5 B S Bl A s Al AR A5 A 7
L, il HI5E AR PSR B R IE S 2R AR AR 1)
i XA AR FRAS S 7 AR AL S 4L,
TIREAG, AR R EE

2 ERPEEA

AR ABEAE AP S R, PR, 352
ARV AT AT FLASEIRY L) R A2 1) AT i 455 Sk Wy
ASRAEIRID W 1R, R T AR AR
FRAE 5 S ML AGF T B5 2R A AR AT
R S Z BIXS N OC R, W8 3 MR R, 1
HFAEFR ROy — X, Yy Zy . HIPLAEFR RO, - X, Y.Z,
BAVBIR RO, - X, Y, Z, o

Op
AL

B RS s S
Fig. 1 Schematic diagram of simplified measurement sys-

tem



322 e 514 %
B 1, P(Xy, Yo, Zo) RS PRE N ERHIE Y FE MR Z A B,
YRR, P(u,.v,) T B AT TS 51 22 J— )

TE LA AR R STARAR, WP (u,,v,) 5 P(Xyy, Y Zy)

ZIA R FR N
Xy
Mp Y,
s| v |=ARTI | (D
1 IW
@, VY, Uy
A= 0 B, vy 2)
0 0 1
STRRNS SERNNN SR
[Rp’Tp] = Ftu Tn Iy b (3
sy T, I L

Hop, s, h R T, A AN N S/,
@, = folds By = fildys [0 B ALEE SR Y fE
d,, Fd, JE P He Rl 1 AR R ROT, (0, v,0) 1K
SAS 2 AR, , 9 P AL s i ) AR R JEE
RANT, B B PRI R M . A 2ROkt
TS AR bR R BCE AR E AR AR, B Z=0, I 15X
AR

u, @, Yy Uy . Fo 4 Xy
ss{ vo =1 0 B, v ry Iy L Y.
1 0O 0 1 ra Frn b 1
(4)

B AL e Sk WA AR AR, 75 BN AT
1E . FAAERAS ST, FAR A R R
AR B (v, )RR AR S5 A5 2R AR B (0, v,0) 2 TR 1R
ESSR

Uy = u,(1+k,r, +k,or, )+
2Pt v, + p(r, +2u,7)

Ve = V(1 + k1,2 + ko, D)+
2Pty v, + o, +2v,7)

HHf, 2= 402, ke Rk, R WS R p,
Py IS A S B A RO
SR, TT LA . B U S AR HLATR),
M e AL T 0 55 AR LRI 77 2

30 TREEEAR
FE R R, T B R 2L AR

Forpr, pY bR MR- T B AE T, ey XS R Y
PG TH0 h REAE A, HLY Ry WA P TET 1) SR R M
W, R 5K IE A BUbRAE J5 vk P B il W iR 1
B $E, & ERIR PO R %, B ACE 1
SIS Z (8] 15 2R,

PP=HP | (7

Horb, prOABC G- B R R IRHIE A, Pl
X IO B PEAGF- THT R RAAE S5, H B 3G TS A
Bt g SRR . e Ce) Ans(7) AT LA
), Bm AR T S BCRASCT- ThT 2Z T8] XS R,

PY=H'HP" (8)
Wl DL RS,
PY=H'P" | 9

Hr BHY = HYHS . fit, o] LLE s iR ep 45
SZASCOF- T H 1 pr oS B35 30 T A SR A A s A T v
(4 Py s b, SOREIRE T UGBS RRIE A B B
M P )25 A, DT S R e A T 8 1) B T
Yoo wiE 2CE - WA P FhO FR, B4 B
AL SR A R B T -5 355 X T A 52 AR S S
HY, 7c F L Rl R T BSHRRAE s 7 bR 2 i
(A7 B A, R 45 3 BT AR i AR R,
2 i s, B HAR S BbR AL, BT LR A
P BRI R ShrE ik B R AT RIS, i 2
HE TR

H  pwyEE CRRpEEE

LS IEIA -

K2 BT UBEEMPE SR T
Fig. 2 Method for preventing pattern interference based on

secondary projection

AR T HAU BT 11 58 TP 07 1, I A7 i A
17 B, 2 1) P AR ey, — ok P R AT A0 & AR Y
AR L, X TFARBLRAE £ A S BOE A28, e,
WA



%2 3

W, &5 T 28 AR PR AU & 323

32 REEAREM

ISR Z W ARHLIEGAS , TUARBLSAZR BD A b o A
ST PR SR AR e, T DU FH S AR A 1 1 ke T
B AGETH ShRE O AR G R, Hir, &2
Fb I S A f v B R B AN AR B 2 — 1 AR
I 4, B, C, D IR 4 405, WE e e nl
L s

lACI|I/ IAD||

AB;C, D)= ——— . (10)
¢ )= 1B/ IBD|

S AR OR BRI WK 3 B,

K3 GHEAHUREA

Fig. 3 Schematic diagram of projective transformation

WE 3 s, AR O Lk L, Ik
M 4405 a, by e, d BESTE) L, 1RG4 382805 4,
B,C,D, WA

(A,B;C,D) = (a,b;c,d) . (1)

TER 5 A AT RGP T 7 314 2 1
XERESE AR I R (il B bR e Bk it ,
LR B R RHIE R S SO RN
FHRLEL BRI R 2 o EbpsE i e v, SO A
H A RPAE s A A E R, DL e 4R BRRAE 5
TERR RE AR L BRI I A7 B B AR A2 RE TR TR Y
Ko AERAEBIAA SRR IE AR E A BB
w38 2k PR A5 Ak B AT AR A A5 v A B A A i AR

PR T AR AR 2 R, AR S A7 B ELAD, X R

TR BN P AL SRR ROC R, RIAL A L

i of 52 HEAN A SRR 5 AT 1T _E 3SR R AR

L EE, ST S8 AR A AR E o

33 ETREATMREEIUTEE
FIFHAE HEAS B SR BB AL s AR E A A

PR YA ARAE, 1 oTE BT T 4 IR, I

WA B T LR U A &, WnE 4 TR, Ay, By,
Cy, Dy N FR 78 M AHAR Y 4 4 B 047 B A A5
B, EGNTHERALCy 5 By Dy RS 1, Py AR
SHRRE SSAERR AR LA B ] ki
AR, FesZ ik o A B FEA T DU . R
BE P AL E WA 4 T, By Py 5 HZRALCWE T
MiFy, AyPy S5 HZBWDW A T HGy o

K4 2o 2R

Fig.4 Schematic diagram of cross-ratio construction

Ay, By, Cy, Dy 38 3 555 78 A RIS - THT )R]
WA Ac, Be,Ce, Do, WAL 4 7R o BT8R AFAE
WS, BT A R R A — e R R, B2, T
Ay, By, Cy, Dy AL L9 DX SRR/ 0N, PRI AT LT BA A
LK IR Ac, Be, Ce, DSIT AL Y X 38k N — A
17, A WA SR (e e, RE, Fo, G,
PN Eyy Fyy Gus Py S0P, SEER AL
WAy Eys Fys CyfIBy Ey Gy DyHIZE LAAS
PR Hom

Ay, Ey; Fy,Cy) = (A, Ec; Fe,Co) (125

(BW’ EW;GW1DW) = (Bc’ EC;GC3DC) . (13)

ﬁfﬁlﬁa:f\w, b=Ey-A,,c=B,,d=Ey—
BW’D_I\IJ

Ay =a+ b
E,=a+Ab
Fy=a+1b
Cy=a+Ab

a4

By=c+1,d
Ey=c+1.,d
Gyw=c+A.d
Dy=c+A,d
b, A~~~ R R 8 AL PR B,
FHER 4 S SAROE Y, HAC S IET B G,
uﬁﬁg%ﬁ%ﬂj, /ll =09 /12 = 19 /14 22; u&/hl ZO,
A =14 =2, FmmirfEm AL e L hls,

15

(/ll _/13)/(/11 _/14)
Ay, Ey;Fy,Cy)= ———F«——— ,  (16)
( ) (/lz_/l.z)/(/lz_/h)



324 HEDE

14 %

. _ (/11’_/13,)/(/11’_/14/)
ok G D0 =0 0=y~ 7
AR R AR B L R BRI R ik i A AT AR
1 (A, Ec; Fe, Co) B (B, Ec; Ge, Do), Wil 7238
l:[:(AW9EW’FW’CW)&(BW7EW9GW’DW)E/J,@:5 T}’Uj‘/\

S Rk Rk, T A] SR A5

2k

2k
A= . 1
Y (19

H L AT R IS S Fy, Gy, BITTS 3] L ZRA, G M
By Fy, EATTRIAC 5B R B 2ER 0 48 5 2045 Al
(RIL B Py o XA R AT LR AR SRR E 25 5
FERA B Z AN AT R G FR o PRI TR IE AR H Y
FEMLERE i, BV AT X G TR b e o 4%
SFHRRAE SRR 8 AR B P T AR 38 A X A LR S
UG TREE s R HR, T3 R ), IR S AR LS
BRI, A ZERETIL. 52K
PEAR 5 A e, R 3 52 LU ) X S8k B A i i A
B (A BT, DR HORS B T g, HLAR ARSI AN FH & 2% )
PR RIAT 52 B, B R LA

4 FEIFFERLER

HRHE_E SR 13T 58 U AR PR B s 7
%, bR AR AT IH G LR LA 3R

(DK BSACRAHPLE S AR SE 56 5 1, AR AR
JCE AEADUEF N, Bl A E RO E TR iy
B2 5 A B2 AT, T80T 20 bR # L, FRIE
O e A S ¢y Tyl s W = R e o RV WS 4
WA MRS, MR EUS I ORAT

()3 A BR (D) b A+
DARKR, IT4EE O MBSEAL B Z i+ Ak bR, 11
TR BRSO 1T -5 G- T ) P 1 P LS

()RR (D REFNME — KB BG4
b E BRI R AFR S AL ] OPENCYV Hr
FAHPLAR E ¥ PR 2L findCirclesGrid $2HUH X LEprR
TSR EG T AR R AR, T2 A O AR E
M o7 B A AR, THAC R A AT 1T TG T 1T A B
N PSR B Y AR 2 (9) TR B B AR
RO /S ER N N ks AN ES

(4 BB B I i A BB, ?&Eﬁiﬂﬁ
FEM L, I AR BUG IR A

(5) L BR(4) R IR BSE EUZR H, 565
AR SR B A, R R AT K B B, T
OPENCYV Ht HI FAHHLAS & 1 s %X findCirclesGrid
PRI 3k e B 5 b s s A U By R R A
i, I 4R B L R A8 AR 3 A 2 AR R 35 i AR,
FERRAE AR AL BR 2R 3R 2130 e AR 7 s i B, il
3.3 P B LU AN AR M B AR A A
FERRE MR AR 2R TR A

(6) A4t MR A, IFE R (D B(5) Ry
R, /0TI 3 FNFEIES

(7>ﬁﬁ9KE7;Z$H$MnE7?%[*J flii ALY
N EBS ORI S R %K

SIAEA SO O R B IE AP, $E T L
RO, W AR R B O R A S AT 5
UE. B 5 R n e RAE K, AL, B2
Fbr e M . ARS8 Bt AR HIL R K HE K B2 &R
51| MER-131-210, 43 ## 582 1280x1024; & 52 A
1 DLP6500, 43 #E %28 192010805 A 42 M A
AR, AR A RIE bR & s IR i, XS
P BRSO, 2 T B
AR RUCH BTE, 3 N EHR P2 B A s s o o8
TInER .

El5 SRS

Fig. 5 Experimental system

WA LR IR, AR AR T RE—IEW A
T TR B AR E AR, WE 6 PR, ARSEE
PR ENCE T 9 MARAEZ, dBULH 3 4
BRI

T O RIS HAE, A SRS B e
AANERE bR SR D TN . WE 7 R, ik
LRI SRR AR AR R 43 5124 (0, 0) L (0,20)
(20,0). (20,20), ML L S AAR R (10, 10) o K
bR S AR bR E T L R 7, Aeds S (10,



%2 3

W, &5 T 28 AR PR AU & 325

15) o ARHER AR G IRHObR E M LA i s AR AR AN
TFEHLO AR, THRHSFHY , PR R (9) A
SHE.

(a) (®) ()
Ko 2B—WEBEIFREREB: ()51, (b)) B2,
()75 3
Fig. 6 The acquired images for the first projection: (a) ges-
ture 1, (b) gesture 2, (c) gesture 3

(0,0) (20, 0)

(10, 15)
(0, 20) (20, 20)
B 7 i EREE

Fig. 7 Schematic diagram of the projection position

507 B = RN A A R B G AN
B8 FE 9 Fim . Si— WA AL B SE e, M A5 5
() IR 52 I e A B AT, B BA5 E t
FERAE, ANE 10 FiR . N UCRAE R IR i
AR A S AR R AR bR, RO AT AR 3.3 /T
AR TR E MR AR AR R T, B bR s i
BB, SEIBRAE o

(a) (b) (©)
B8 AEAEBHER: ()%E 1, 0)EE2, (O)ESS3

Fig. 8 Projection positions of each gesture: (a) gesture 1,

(b) gesture 2, (c) gesture 3

(a) (b) T
Ko KBEAENEHFREEEE: ()ES 1, (0)EE 2,
()RS3

Fig. 9 The generated projection point patterns of each ges-

ture: (a) gesture 1, (b) gesture 2, (c) gesture 3

(a) (b) (©)

K10 — B EREMIRERERE: () EE 1, (b))%
&2, (%83
Fig. 10 Calibration plate patterns acquired after the second

projection: (a) gesture 1, (b) gesture 2, (c¢) gesture 3

MR BRI D IR, ARG T BRI E 4

B VMR 2 9N TAI T EAIL S B
SE LA B4 Jry BN AR A TR 1Y S B 2
®1 RERNREZNABSH

Tab.1 Calibrated intrinsic parameters of the projector
(pixel)

28

Ju s Uy Vo

TEAHPLSEERED: 3033.9020 3037.0319 976.0815 546.6816
LR ETE  3040.3878 30427892 993.4626 553.0046
ATk 3060.7594 3059.8479 1006.0491 540.8452

Jiidk

x2 HERREMGRKIRERY
Tab. 2 Calibrated lens distortion coefficients of the pro-

jector

Jrik

ky ky P P2

Ta BN S B e 0.1102  —0.7058 0.0025 —0.0050
A JR BN PEAS R 0.0215 -0.4157 0.0033 —0.0014
A —-0.1065  0.0058 0.0011 —0.0007

N T BAEZ T A R, X3 R ORI
PR 22 AT T AL, BRI R B R 2E W
B R, 3 390 T IR 22 78 455l 1 1
brifE2= (STD) AR KME(MAX) o

MR 11 A 3 n] LI, T EARPL S50
HE R bR E I, BOASIA T MPLA AR E R
2, I 5% 1R 25 ok, HibrifE 22 2% (0.227 5,
0.2264) 18 %, R ZE MR RIE R 1.222 /K . it
FH 4 Ja B P AR B A AR S i, BT T AL
TRZE ML, PR IR 25 TR, HoArifE 22 2
(0.1397,0.099 W14 &K, iR M KA R 0.5617 1%
Fo ARSCHE BT AR AN Y B ABR 2
2, R RS AR e T IR TR A, A
28 LA P SR BB B AE b o Ml b AR RRAE S5
WG T ARBLER E R ZER T LA, T ELAREAE H A X35
A SR AR B T, PR 22 BRI, HobrifE
252(0.064 5,0.060 1 &3, H KER 0.242 1 13%,



326 A

14 %

Reprojection error (in pixel)

Reprojection error (in pixel)

Reprojection error (in pixel)

1.0
0.8 0.8}
T 0.6} 0.6}
+ 04} 0.4}
1
0.2 02} .
£ .
~ 0 [ 0t |@:
_ : -0.2 02} o b
et 0.4 04}
Y -0.6 0.6}
+ o+ " -0.8 0.8}
-1.0 ' J s -1.0 s s -1.0 s s s
1.0 -05 0 0.5 1.0 10 0.5 0 0.5 1.0 -1.0 0.5 0 0.5 1.0
X X X
(@) (b) ©

&l 11
Fig. 11

JURIFER R ABGERZESR . () T ZARNLS L (b) 2R BRI AR () AR SOk

Reprojection error distribution of different methods. (a) Method requiring camera parameters; (b) the global homo-

graphy transformation method; (c) the method proposed in this paper

®3 JLMAENRRFIRE

Tab.3 Reprojection errors of different methods (pixel)

Kl (MAX) il (MAX) xfli(STD) 4 (STD)

TEMISER T 1222 1.022 02275 02264
SRR 05617 05130  0.1397  0.0997
ES RS 0.2345 02421  0.0645  0.0601

K FHAS J5 1 0] LA RIS B b 2 AL, 3154
DN=GEN R RENSE FPLNE S B B4
g 4 Fim.

%4 ENAEES MIET AR E LR

Tab. 4 Calibration results of camera intrinsic paramet-

ers and distortion coefficients

Ju 5 Uy Vo ky ky P P2

2644.92 2644.11 646.56 508.34 —0.222 0.313 —0.0001 0.0001

AHBLIY S B 1R 22 AR EZEHE x, y P AR R4
J351°h 0.0658 F1 0.0539 18 &, SR %
AR ZE AR EZE TR — AN g, 1R 258 B R
K 12 Frs .

[ B A AEHL AR AL Z 5, ABCEAE
7%, IS B P A B AR AN S BUR B, n=t
(20) =X (21) frs o

0957071 -0.029441 0.288 355
R=| 0.033283 0.999410 -0.084318 ,
-0.287937 0.017667  0.957 486
(200
T=[-156.1620 13.5891 216.4374] .
QD

HEVIN RS, 554 RS B T e g

R E RGN SE, NSRRGSR E . RAEHR
SEMNINSEL, DB AR R T FARR R B0, B
JE Ji 9 = 4N R SR T A 13 G2 IET WL A i)

Reprojection error (in pixel)

-0.10 —0.05 0 0.05 0.10
X

K12 AR AR R R
Fig. 12 Schematic diagram of reprojection error in camera

calibration

500
400
g 58 Z 7300
E 50 _ :
= —100 Projector _. 200
~100 100
100‘ i _YCamera 0
Y, 200 —100
’7? 300

K13 BAERGE=4nER
Fig. 13 3D schematic diagram of the system



%2 3

W, &5 T 28 AR PR AU &

327

BT RO B o FErp Ze R 0243 A S A AL,
AFEBERFRIE SR A R bR E RS
HoR] DU AL A A A 2 [ AH X G R,
AR 5 s i P B 25 A B A R R A
S AR g

ANEPESR bR E M b B AR RE AS B E b f T
PR E S H iR 261518, I HLAS LU AR 3 XI5
SEAT G S AR PR o, DR BT B AR
5t ZAN S B Gebr e Tr ik DL A i 42 5 o
WAEAS e AR E T AR AT TSR Xt . SRR

5

TERCFOEMH = 4Elil i R Gt U
SRR E B ME B RGIERE. N T
R B AR S L, ] IR B T vk i ok
T EC P S SR R R S P, AL

W, SR A D5 vk, OB 08 22 1 B R AEL 7 3l

2= % 1222 (R E T 0.561 7T R ERFR T 02421 13 %,

FRUEZE A M (0.2275, 0.2264) 14 2 F1(0.1397,
0.099 R Z%F] T (0.0645,0.060 1152, H4b,
SR AR SCI I i, TEA 22 52 AN [R) R T DL B
b AL, DA ZR A5 A — 4 5 R 5 045

S CHE:

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

(10]

(11]

[12]

[13]

ZHANG S. High-speed 3D shape measurement with structured light methods: a review[J]. Optics and Lasers in
Engineering, 2018, 106: 119-131.

ER, HE, T8, FOUMMSEAROLE RO KARE Tk V], F B, 2015, 8(2): 248-254.

AN D, CHEN L, DING Y F, et al.. Optical system model and calibration of grating projection phase method[J]. Chinese
Optics, 2015, 8(2): 248-254. (in Chinese)

FOESE, TURH, ZBE, 3L T e B p M R I ()] R 4 142, 2018, 26(4): 778-787.
MENG X L, YU X Y, WU H B, ef al.. Measurement of thoraco-abdominal surface using 3D Fourier transform[J].
Optics and Precision Engineering, 2018, 26(4): 778-787. (in Chinese)

RIw, BRAIE, AU, . Ot SRR OER 4 s B AE (D], B R 5, 2018, 11(1): 123-130.

ZHANG X, SHAO SH Y, ZHU X, et al.. Measurement and calibration of the intensity transform function of the optical
3D profilometry system[J]. Chinese Optics, 2018, 11(1): 123-130. (in Chinese)

Z IO, AP ATOT, . BT AR =R RIE R4 P [T]. a5 27, 2019, 34(10): 1013-1020.

WU K SH, WEI ZH H, HE X, et al.. Signatures recognition based on strokes 3 D depth feature [J]. Chinese Journal of
Liquid Crystals and Displays, 2019, 34(10): 1013-1020. (in Chinese)

LK, %W, TRk, . KRB Ak =4S R T L], F B R4, 2019, 12(2): 214-228.

MA G Q,LIUL, YU ZH L, et al.. Application and development of three-dimensional profile measurement for large and
complex surface[J]. Chinese Optics, 2019, 12(2): 214-228. (in Chinese)

FEE P, B ek, A, . OIER R AL S g ANEOGER M S B R T s (] i dh 5 27, 2018, 33(5):
433-442,

REN G Y, LV X Q, YANG N, et al.. Interactive display methods of vessel of interest within voxelized three-
dimensional cardiac model[J]. Chinese Journal of Liquid Crystals and Displays, 2018, 33(5): 433-442. (in Chinese)
ZHANG ZH Y. A flexible new technique for camera calibration[J]. IEEE Transactions on Pattern Analysis and
Machine Intelligence, 2000, 22(11): 1330-1334.

I3, £ &&, REE, F AT IKIEAPREERZAMERR RG], S0 F 45 % T42, 2019, 27(8): 1828-1835.

WANG T, WANG L L, ZHANG W G, et al.. Design of infrared target system with Zhang Zhengyou calibration
method [J]. Optics and Precision Engineering, 2019, 27(8): 1828-1835. (in Chinese)

R IR, Hud, —RUESS TR O H NS E T7ik D). i dy 55 2.7, 2016, 31(10): 958-966.

ZHAO Y F, HU J F. Binocular self calibration using two pairs of orthogonal vanishing points[J]. Chinese Journal of
Liquid Crystals and Displays, 2016, 31(10): 958-966. (in Chinese)

DAVIES ER. i H AL 5B A5 : 12, Hk 5 % M. dbnt: U Tl kL, 2013.

DAVIES E R. Computer and Machine Vision: Theory, Algorithms, Practicalities|[M]. Beijing: China Machine Press,
2013. (in Chinese).

ZHANG S, HUANG P S. Novel method for structured light system calibration[J]. Optical Engineering, 2006, 45(8):
083601.

LI ZH W, SHI Y SH, WANG C J, et al.. Accurate calibration method for a structured light system[J]. Optical


https://doi.org/10.3788/co.20150802.0248
https://doi.org/10.3788/co.20150802.0248
https://doi.org/10.3788/OPE.20182604.0778
https://doi.org/10.3788/co.20181101.0123
https://doi.org/10.3788/YJYXS20193410.1013
https://doi.org/10.3788/YJYXS20193410.1013
https://doi.org/10.3788/co.20191202.0214
https://doi.org/10.3788/YJYXS20183305.0433
https://doi.org/10.1109/34.888718
https://doi.org/10.1109/34.888718
https://doi.org/10.3788/OPE.20192708.1828
https://doi.org/10.3788/YJYXS20163110.0958
https://doi.org/10.3788/YJYXS20163110.0958
https://doi.org/10.1117/1.2336196
https://doi.org/10.1117/1.2931517

328

HE A F14%

Engineering, 2008, 47(5): 053604.

[14] ZHANG W, LI W SH, YU L D, et al.. Sub-pixel projector calibration method for fringe projection profilometry [J].
Optics Express,2017,25(16): 19158-19169.

[15] Rz, Foed WHHE SRR GBI RARE 1], k5 5% 142, 2008, 16(4): 617-623.
WU H B, YU X Y. Structured light system model using off-the-shelf components and its calibration[J]. Optics and
Precision Engineering, 2008, 16(4): 617-623. (in Chinese)

[16] AUDET S, OKUTOMI M. A user-friendly method to geometrically calibrate projector-camera systems[C]. 2009 IEEE
Computer Society Conference on Computer Vision and Pattern Recognition Workshops, IEEE, 2009: 47-54.

[17] ANWAR H. Calibrating projector flexibly for a real-time active 3D scanning system [J]. Optik, 2018, 158: 1088-1094.

(18] &b de, 203, % 4%, & LTI i 250G i R g h B0 AR € Jr ik [T]. F B, 2012, 39(10): 154-
161.
GAO ZH H, WANG ZH, HUANG J H, et al.. Projector calibration method based on projective transformation for
structured light measurement system [J1. Chinese Journal of Lasers, 2012, 39(10): 154-161. (in Chinese)

[19] HARTLEY R, ZISSERMAN A. Multiple View Geometry in Computer Vision[M]. Cambridge: Cambridge University
Press, 2003.

{EE B

BEM(1986—), 5, BIETLIEMR A, B H#(1967—), &, HARK AN, OF
58 4, 2009 4F T o [ A4 30K 2 FEOL, AR, FENFEHT R
RG220, FENFEHLARDE K = b PR H BRI S BRI L A G A
A # ARG . E-mail: yang9769@ 457 T B B 58 . E-mail: zhaojian6789
163.com @126.com


https://doi.org/10.1117/1.2931517
https://doi.org/10.1364/OE.25.019158
https://doi.org/10.1016/j.ijleo.2018.01.005

