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Abstract
invariability of Cross Ratio in projective transform, we can compute the image of circular points via the cross ratio of circular

In this paper, a method of camera self-calibration based on the projective invariant is proposed. By the

points and vanish points of intersecting lines; With the image of circular points in three images of the planar pattern from
different orientation, we can get IAC ( Image of Absolute Conic) , because of the invariability of IAC in rigid motion; Using

Cholesky factorization on IAC, we get internal parameters of the camera. The result of experiments shows that this method is

effective and has high precision. -
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Fig.1 The sketch of cross ratio
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ZEERFYT, HEK L ML S RFEER TR
A BB, ZRIE o B8, ML 4 K AB,IJ KT
ATLGERR (1) R, APERE LR &, ki,
LARGUEREE, L ML R R
ULRBRERFER A NG, L, Ml HRATR
VHREELFEZEBWR HAFKERERN
U=(p,,q,,1)",V=(p,,q,,1)", TS L H 5 B
REBH
I'= (hy +hyi,hy + hi,1)7
J'= (hy = hyi,hy — h,i,1)"

Kby by by by RER . XNEIHEERTHAR
A Fags(u,v,r,J’) =(A,B,1,]), TR
BaMT IR .
(hy + hyi = p,)(h, = hyi - p,)
(UYL =G —3; —i,)(hl + hyi —;)

_(h3 +hi-gq)(hy -hi-gq,)

T (hy - hi-gq,)(hy, +hi-gq,)

=k, + ki (2)
HER EBAFRAFTR L0, BZESHH
U'=(pi,p;, )", V' =(q},q;,1)" , E5E BB KMK
WHh (U, V', 1,T) =k + ki, WA LLRBI LT R0
MHR:

(U,v,1,]) =

(hy + hi - p)(h, = hyi -~ p})
(hy = hyi = p;) (hy + hyi - p})
_(h3 + h,i _9;)(}13 - hyi-gq;)
T (hy = hyi-q7)(hy + hi-gq;)
=k, + ki (3)
HRQ2) KRG)RATLUBBEUTFTRFRAE by, by,
hy,h, )4 NFRR:




1434 P EERERER

£108

k
hf*‘ h;‘(Pl +p,)h+pip, =1—2k (pi=py)h, (4)
1

k
ks + hi_(ql +q,)hy+ 41(12':1_2]‘ (9:- )k, (5)
1

!

k
B+ By =(pi+ p)hy+ pips =7 (P Py (6)
1

1
2

k
Bt B=(al+ g0+ gigh =gl - aDhe (D)
\ 1

MLT LAE i, RERE ¢ M o 8RBT
CABRSE by b, F0 K7,y BOME 5 1R B AT DUGE o Bk 52 07 72
RK(4) R (5) K(6) . R (T)RKRI 4 M RAE
hyshy by by TR AT SR K2 BRI AR

MEE B, R o M o' B AMH, EEKT
BHREGRE, BARBOIREEEERE,HT
LBt X T BRI ER SR AX(4) 8%
K(O)BATLIBEIK(8),

! ’ k k’ ’ !
(pi+py—pi P )by + [ﬁ‘([’l -p») l'__zk,(P1 "Pz)] X
1 1

h, = pp, - pip; (8)
ERTTLIEAL R EX =F R, 2P, X = (h,,h,)",

F=pp, -pp;,E=(p, +p, -p; -pé,lli—zkl(pl -p2) -
l—_z—k‘,(pl’ -p))o

SR, X AR B Ry by UL, FERBUNTRIE BT
RAMEOLT B AME—, TR A5 A R T 8P4 T
i 0,00 R E TR, XA TR B ABE B 6
:‘F hl ’h2 ’hi 9h4 %ﬁﬁ,ﬂﬂ

K

B+ = (9] +pDhy +plp == (51 PRy (9)

k”

B+ = (al + Dby +a10} == (el =aDh, (10)
b gt pl, o), 0 REBATFARMLZA U =
(P25 1) V" = (g},43, 1) B HR , ELE AT 5 A
BN (U, V", 1,]) =k] + ki,

BBt IR (4) MER (6), R () BWER(9),
R(6) AR (9) HATLBBMT 3 4 HE:

’

4 ’ k ]Cz ’ !
(py +p, =Pl —P)y +[———1 _Zk (b1 =p2) -7 (P 'Pz)]hz
1 1

=p.p, —P1P; (11)

”

Ui 1 k kl ” "
(py +p, =i —P)hy + [l —_zk_ (P -p2) "1 _ku(Pl ‘Pz)]h2
1 1

=p,p, —P\P3 (12)

(B +91 -85 ~PDb, + [ Ty ~p,) s 1) |
=pip; ~PiP; ‘ (13)
B (11) A (12) R (13), BBl — 4 B4,
SRR EX = FRBR, I

X =(h ,h,)"

( oo o =g ky (1=k) (py =py) =y (1 -k, ) (py -p3) ]
Py tP2=pP1 ~ P2y -k)(1-F)
, B (3 -py) K1k ) (5 1)
E'=| p, +p, -pi P}, (-E)(-F)
1 1
Pypl gt gt ké(l_k;’)(P; -pé)_k;(l—kl')(p;,-P;)
_Pl P2 =Py P2 (1=K (1K) |
P\P2 —PiP3
F'=| p,p, -PipP;
PP —P1P3

B X FRRBE R, b, KB, BT HBREKRTR
RV, B — OB R, (E R T LA R BB/ e A ke
&, FRRLRE b, b, WEMKE. FE,TURSE
hy by BE, XHESRTT LLBE E 1 B S B RR

H, Y1 ML, Ml B HE R, X R
(A,B,1,J) = -1, K A,B5RBA K I,J AAL
o FMAXNREG, ARERATLTERTUER
R by by hy by EHERS . BT RE—MiE,
XBEREEXMHIFR
2.5 RKBREHIANS

RERGIEMWARHERBINASER
K, AZCHRAS SEOBEIL, KRS BER R
a, s x
K= a, ¥,

1
H,o, BXMHRERT 0 £ YHMHREHRT,
(%0,5,) RERLLR;S FHMSH. ®E 1 KHAR
B BEIEBER P=K[110], EHMWRHEN AR/
F AR R W BB IER R P, =K[R, It ]
M P, =K[R,It,] (R, ,R, Ri-JEH ,JE/ 1,8, B
FHERR), BTERNERES(REREMTBH
BT, 43 =K B 2% 915 (image of absolute
conic, IAC) w A2, M H w = (KK") ~', FFLAE
ARFEH o, FEXTHHEFT Cholesky 2%, BN A K
BHLWNSER K, B RBR—RER B

axf + b2y, +cyf +dx; ey, +f=0

TR ARGE B 5 R B — R TR, B
FEESHER o L&, B R R &L EE




%11 3

RAEFE ETHEAERNBRI AR E T 1435

I T KA AR AR, BTLA, W LUGES 3 i 8 A
BIVE] SR HS 4 3 — Wk B 2% B9 4R o
2.6 HERHR

FEESENT :

(1) AR NBEYMN 3 MRRK T RS
BB E 3 BRI EE;

(2) I B 4% P AR b B AT R, SR AR S
B2 pR, Ml FEKEED, BT LY LED
Camny BEF#HATNERN REMNERBATER
(Hough) Z#:, BB MG HELRSERRBER
MR ERBEEE N EXEBRMNERTIKE
W, hTEH SRR ERN TR, T AR
N REBREGEEG. —MERLT,TUELF
THEAEELREAR  REREELTE;

G) X B—HFTR, ELIREMNH R, B
AXAE  REBRE 2.4 FTHHFRWFE—RRBE
PR

(4) R 3 BRAKGTRESGE, BRE 2.5
FRTRB TR AN R MR o, BEMER
#E4T Cholesky 4 , BN RI BRI H AWM N S ERKE Ko

3 XBEER

LBEFRp=¢ =¢"=45 °, BIHHBERFEHT
—AMENGFE (Il 3 BiR) o

B3 BEHREE

Fig.3 The planar pattern used in experiment
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Fig.4 Three images of planar pattern
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Tab.1 Result of traditional calibration and self-calibration
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