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A New Self-calibration Method for Hand-hold Camera

CHEN Ze-zhi, WU Cheng-ke
{Mational Key Laboratory of Imtegrated Services Networks, Xidian University, Xi'an 710071}

Abstract  Self-calibration is the computation of metric properties of the cameras and the scene from a set of
uncalibrated images. This is different from conventional calibration where the camera calibration matrix K is
determined from the image of a known calibration grid or properties of the scene. such as vanishing point of
orthogonal directions, Instead, in self-calibration the metric properties are determined directly from constraints on
the internal or external parameters. Camera calibration is essential to many computer vision applications. In
practice this often requires complicated calibration procedures to be carried out regularly. In the last few years a lor
of work has been done on self-calibration. It has been shown that a metric calibration was possible based on the
rigidity of the scene, Based on the pin-hole camera model.a new self-calibration method is presented in this paper.
We can use the characteristic of 3-point perspective projective. vanish points and the orthogonal vector to get a set
of equations and then all the intrinsic parameters a,,,,#¢.v0 can be solved with high accuracy. The feasibility of
the approach is illustrated on synthetic images,

Keywords Self-calibration, Pin-hole camera model, Vanish point, Perspective projectives Intrinsic parameter,

Hand-held catnera

0 351 §

AL B AR AR B T EOHL A ) A o el R
Z2— BAZABRUNMAN _HFTASRKE =4
B Y BR IC (Buclidean) {5 B g0 248, — 3, =

HEHHH VLR RGN R SRR AL B R AH A il
RFTH=ZEYENTR JERFILMAEL Hod
VHHERAYE BREE - QHREERBRT S
ik RER— AR MRS EER L
-7 B 0 5 i) 4 o T A L Y LT B K
fH i ey B A9 B K R 7 B SR AR UL AR JL A BE 2 Bk

EE&TE . XA AL E (69972039, 60002007} ; B ik S 2 BF 57 1 B9 B (PRA 8100-04).

WoHS B IR 2002-01- 14 3 & B M . 2002-06-10



342 o [ E g B TE £ 4R

% 8 (A D

ELEILAERNSERTABGINEN. EXkS
HLFRRRSHERAHEE . IHERSHTEND
BB YLEAT (calibration). HIRVIEE RN ¥
B LA B A e 4L, B R TR AR PR R Y, o
FrerFLEA) (pin-hole model). R HLE SR — B
HRE - THERBRILGTNSERNERSRY
(reference object) . A Bk iy 55 18 HL 2% B2 4 1 19 B
£.IFBHRHEERWANZ2E BAREHREHEY
LSRR R ER R TR R R R
MEMEHRIED . EEES . MATEENN
EREAFAY . BHHENAKCE L BRERBENF
BEmEs BEREESKANTE . EFHTEEN
Wi B RHTERBR EBREFTFTEAHR
HETREERERY . MaTHAFEHET ERB
AHER B TR AR 6 B i i BE R 4Rk 49T
BN BERR BELZAETHILBAS BHEF
k —HATEERSRPHTHER TR
B FE ¥ (self-calibration) HE R, FE T AR AKE
MO R BRI AEHREATEEC S HY,
MEAERBNESHIRPNEAERERERZ
VR) B 9 K AR L BIRT X SR AR WL AT AT TR B
T FHILEAERTES ALK A ST LA
KRN BE FHAVNAE EEMER R
EE 72 80, 1f0 #8 X — 1K ] 28 (the absolute conic) & BX
KAZR, A Faugeras BRI X — %SG T
Kruppa # #8093 i 3 5K Kruppa 77 # % K @48
NHAESH. B TETBRRESE S ERMIER
HHE HE A B s RE AR RERR
RE.AHREEIH 2 XX EARERHE IR
Y H— RS PEHSE —EHETE
THER(TA O MEMEENER (T % A0
BE=ZSBNREESY TR EERNLE R
B BT EAREEGSRBY B ERREA
ERMEERRE=ZRAMME AT K HFRH
MARSH SRERRN AXFLEARTNE
B ATEFEIREEE BWEER. XA
ARBIELEREE GRS o] L DRET A
R PE . WEME A RREE X RRE.

1 BXRE

L1 SESEeNERGHLns)
SRS MERRL EMRBRERTL

B4 LR RRS BT E M AR EHE
EREmBREXLOS M KHEROMERET
HHES XFHEROUHAIFLHERBARE. F
WMTFHEF:
A = PM (1)

Hb . PEIABEEE M.n 3HERSAAR
HEZaNFReERFAUAER, A BT
W H B
1.2 EXEsE

SHEFWEETREARTE R E—RE
AR FEfERR LF ML X%
AR K 5 (Vanish point), H A BB HA K EH
ERZT AR @ LT ERET ERE
ERARMR G, R ein e P T RERE
B EREKEXHREERA BAFE XYW Z3 48
LT EREBEA I BRBRERAE IR
RO & BT E - AR L o S S
R, —-BAFH—HBW. - HEAN=ZLEN B
f—lERA - ER A BREES — T AR
ER . MEHIFEBIRHET: —AB0A 241 E
KA RETSH N RIEMERL. MS B~
WP ZABERA 3 ERA R ERS 3 4
PIRHBE L. Z A ERME 1 iR

»
7 KA
Pratss A
7

M1 3RE0H

2E EAEEBERHN . R SFEEL
DRES S5HRER & NS EPATR T

R HTRERF-BETRANREES
W3R, e M ], R — P ATE R M5 X
FEAH—FAR ARRESRETHTSERY
YELMBEA. WE 2 iR Re/baNb=A.,
MR EHE LS 0ALSBYPEHEFA V. ¥
OV fa//b.



BIW

HEZE —RENTFRENAEH TR 343

o
¥

¥e

B2 RS MERRPLI A3 4 5 B R S
HE PR TA

2 BEBMEERER

WERABTEHEEN SHFGR EEHE
BEMRERV.G=1,2.3),WH L e E BT,
OV(OV,.OV, OV EHBE. £V, At ¥ L
B RARR Goo) MITEHEBR LR R T HEEN
V,=((u,~uyded.» om0, T H, Cugyo) B
BRI E AR VAL AR, A - RIT
E&ho g Al FEELHAENER, B aH S
B AN —ERT . o,ve) #(0,0) 5 F AEE .4,
d, AB—TREE 5 y Wrm LY ER T,
Hoa,=fld, a,=f/d, T worve RGHEHN AT
WEX ZEEREREHBENATSHE

B FOV, (= 1,2,3) EHEH  BEA TR

Cuy—ue) Gy — uy )i+

(v, —vo X v;—v))di+ ff=0 (¢4
Gty —ato) ey — ey )i+
(v~ v} vy —vo Y2+ f2=0 2
Caty—en) {20, — uo Yo+
(vy— v vy —v)d*+ =0 (4)
ERXRATAE R

; 2 2
<u,-u0)(u2ruo)+{§il (v,—vo)(vz—vn)-f(“di) =0 ()
a z
v 2 z
(i —ua) (g~ uy )+ 6—13' (v, —2 ) (v3— 1)+ "i =0 (6}
d: d,
2 Z
(ug—uo)(ug—ug)"r(?l (vg—uo)(vg*uo}-F(a,i) =0 (7)
x X

ga=|%) =L ARG 2HRER

N eM
(uy—wdup+ (g — v dunt, — v (o — 13y
=u (e~ uy) (8
oy — s ity + (v, — v ooty — v (v —vs0h
=uy(u;—u;) {9}

ARG NOTH.XPH 3T ANE, MRER
HETHE, - BRENT. b TREAE—K, B,
FRBERLBEDHI—IHNMLE 0. BREFHNERE
ER I L 3HRTRA KL FHHI VGl aol)
=123 . R EBRINILHERTHLERE R
V= (G —up)d, s (ot —v)d, T B ROV 58 5
3MTFFRF4F. EFAOV. VOV FLLOV]
G=L 2. EMHEE . FETHRREL

Gty — ' o+ (o — vl et — 0 (0 — 28

=ul Cuh—u') (10)
Gy — i o+ (v — vh) vt —oh Cvh — vl i,
=uh(ul—ub) (11>

G v, BB B W ey (8~ F (11 AT 1L
LR MR woovortie B o008 AT G A ()
R R AR . XFEFIERKE BT 2
i, Bh AT R B Z A AR . B N R R R A R B
B

M oa,a, § frdd, HRFEFH

S SV P Y
J Jo

TR AGE T 2BRENHANTER 000,00

3 XBRER

31 MUK ERER
AFRERP, FA-AEURTRHARRT
EXHEENHERE ZENRERG - N ETFH
WAHRARLOE 3R REENEAASH
R 1o =50,0,=50,a,=400, e, =600, i B AT, M\ 4
AREREE.IHET A BESCGNE 4 FFR). Kb
FIREER. HABZHH. T = (30,40,60)7,
= (n/15.%/10,7/5) ¥, x/15.%/10.n/5 S+F0R
HHO5E XY . Z RileriAE: S 2 ERg. e
¥:T,=(60,40,80)" , R, = (n/15, —n/5,n/15); %8 3
BHE R H4 SR KT, = (30,45, 5007,
R=(x/10,0,00; 88 4 BB ®£. X4 23 & 5.
T,=(60,15,8007,R,=(n/10, ~n/15,n/10).



344 FEESBEER

B WK

B3 = gRy

X 4 0B Sh, 18 BUR R BD R R A SR U
BERBZERNKNEBHSH RIA/LT4+E

600

500

400

300

200

¢ 100 200 300 400
[CRR::F -3

2500

2000

1500

1000 g

500
0

200 400 600 800
() HR 3

EARPRGE2HH THILEFRNGR k2 7

R A AT M TT R R AR,
®1 JRERETR
Hes K AL (r.y)

(—281.15,— 2 264.96) (—2408. 04,996.€5) (136.92,177.53)
{50, —1796. 81 (0.1332.26) (50,244, 85)

%
1 (23861.18,52622.63) (BBD.19, - B05.58) (—82, 78,177, 53}
2
3
4 (—280, 58, ~ | 445. 21D (—3 969, 92,2 351. 032 (13%. 49,244, 95)

x2 BURKEHER

- Egus
SEFER
1.2 1.3 1.4 2.3 2.4 3.4
uo 50.12 51.47  48.77 46.72 52.46  49.87
o 49.38  50.34 51,23 53.87 51.66 31,44
a, 336,13 432.78 397.50 395.48 452,37 347.89
@, 594.43 649.44 569.45 583.39 537.16 63R.43
800 T —r
700
60¢ J
500
400
300 . -
400 600 800 1000
b) Ef 2
400
300
200
100
0 R ,
300 400 500 600 700

(d) Bl 4

4 BRI 4 TS (R AL HRRE RS KME, B R

3.2 NLERMGLRER

BSgHTRATRHENMAKBOATEHS. A
CHEETHRERAEERFHANBEGEE YR
FHARI 3 AN MR AE FITRE R 3 44
MBS BESHNASVIFRASBIFEREBH
DL B 3 A J7 ) B R AR DU = KR M
ABHE L BARBASBERN

110. 639 3 Q 0. 0057
K,= ¢ 110, 639 3 0 }

0 0 [
110.376 5 0 0.0003
K;= 0 110, 3765 0 J
0 0 1

RENSHHTERZERRER . K= AKH



LR REES. -BHOTRANAERTER 345

S@PHERERENE 7R AR 7A L ER
WAENEN2 2014 MREIREH EH0.3261,

BERBEBAA LT ERBHNSE TRIERM
EREAN.

RN | N

ES NXMg»

(b) & Bk

He REHSNAZER

= o
ARSI

B 2 (pixcls)
NN NN
=2 )
-—?‘

%é.

et |
2

ﬁ/}\ Nm'

®» 1.8 » .
LR '
1.4]
1.2 '
0 10 20 3 40 50 60 70
A%
A7 EEERSE
4 & it

EXEHTEFREMNNBEIATHEDY
B AR ETUALERBINBCERS BY .0
ARMBNRAR TN EERNREEHBRITE
fE—KEFHESD, N HEXKARBN RS,

BT SMBERAN B 5XM2I0FEH
W ESERR T R AW T HALENE 3k 8. i T
HEETASBNE. LT RERE, AMRET
THRBE. KENXBREREN AXFEHTHER
.

B A

1 Faugeras O. Three-dimensional computer vision: A geometric
viewpoint [M J. Cambridge. Massachusetts, USA: The MIT
Press, 1993.

? DHMKERE HRAEE--IINBREEEEMM] It
F R d R, 1998,

3 MK EMEEAE. ETCRIERENEREENELI]
P B k4R, 1999,26(3) 320~ 323,

4 HAE EMR- BN HRNRE NI R EERKER
[J). ERRFREKEEMR,1998,25(4):490~494.

5 Pollefeys M» Koch R, Vergauwen M ez a/. Metric 3D surface
reconstruction from uncalibrated image sequences[AJ. In:Proc.
SMILE Workshop (Post-ECCV'98)[C], LNCS1506, Berlin:
Springer-Verlag, 1998:138~153,



346 FEAREETR

FEeBARD

~3

10

Devernay F, Faugeras O. From projective to Euclidean
recanstructionf AJ. In;Proc. of Conference on Computer Vision
and Pattern Recognition{CJ. San Francisco, CA, USA;IEEE
Computer Saciety Press, 1996:264~-264.

Heyden A, Berthilsson R. An irerative [actorization method for
projective structure and motion from image sequences[) ]. Image
and Vision Computing, 1999,17¢13):981~691,

Beardsley P, Torr P, Zisserman A, 3D model acquisitian from
extended image sequences [A]. In; Proceedings of European
Conference on Computer Vision-ECCV'36, Lecture Notes in
Computer Science [C], Cambridge, UK, Springer-Verlag.
1996,1065,683~695,

Pollefeys M, Koch R, Van Gool L. Self-calibration and metric
reconstruction in spite of varying and unknown internal camera
parameters[A]. In: Proc. ICCV'98 {International Conference
on Computer Vision)[C ], Bombay, 199850~ 95.

Faugeras (), Luong Q T. Maybank S. Camera self-calibration;
Computer Vision-ECCV'92,
Lecture Notes in Computer Science 588 [CJ, SantaMargerita,

theory and experiments [ A ]

Italy, Springer-Verlag, 1992321334,

11 Hartley R, Zisserman A. Multiple view geometry in computer

vision. First published [ M ]. Cambridge University, UK.

Cambridge University Press, 2000,

12 BEEZ. ARE. EFLARE IFAOEBSEMM] T H

R F W, 1997,

BEREE 1063 44,1994 FHBEILK
EHRUEB LR HLE0,0
HEREFHRHEXEGEIFMEREIR

- LREMEFRE BNE TEREF R
& CHIEHAEE URABRBERERLE

R 1938 E4.HE.HL4ET
. BTG O i PR R A R AL A N
BAESER.

5

R A R AR BRI X E T

o]

12 FHESEEERES VL INCMT2003)

it X 4 X

HTEHENESATEERREBELBERAFN2EASHEERSUMN 92 FELEE—RAFUX . E R
FTNE.B1I2EESEEERLBNCMT200DEF 2003 E 9 A BH~20 AERRERYOMNERETEAF. £S
WHEHEAEREER TR ADERE FAOTNEL A B EREHRE RS RSMHT T ZEARTE.
WIBELFAT AR R RSN EEEEU T EMNTE. EFARRFRENE.

EWEMMABERE - ZRAFRLANER AEFH. ETHENRR UF KD . MEAEL
ERARFXIRORBEA MEHN . EREE RERKE. TEE. RS . B EEREIE(QoS). BUEE . {2888 Fdh

P Sak 3 Nk 2uT ¥ S

FRUTREARG -HEGRAR A-r &0 TR FREANTINER. ZRBUTRE SAXBHAERE

ZTHRANEEAE - RREEAPUEGFHLAR) 2003 78 B HRBGED 20035 7 4 27 AL EXARAER

;20034 8 H 10 A/

NCMT2003 LMREFL LHEENERELERTDE R RV EBTERREARERNEE AT RTR.

XEHFERS IR B HERETENRD
BAABRRE TN FREREMNRETEIR)

EWRE . FE P RNE, LA, 100084 (B B IF R 63 & T E0R B L o FHRER R A F R

BB A M RERFEHRHE. IR 100084
BLiE . 010-62784141,010-62786910

£, .010-62771138

BF B4 :nemt03@media. cs. tsinghua. edu. cn

HEESWHEHHENER®VR htip, //media. cs. tsinghua. edu. cn/~ncmt03



