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Abstract: To solve the problem that the calibration accuracy of internal parameters of the camera in
the large-size single-camera vision system has great influence on the overall measurement accuracy,
this paper presents a virtual stereo calibration method for the internal parameters of the camera based
on the Mutation Mechanism Particle Swarm Optimization (MMPSQO) algorithm. The method is based
on a two-stage optimal strategy. Firstly, a camera imaging model is established to estimate the initial
values of the external parameters and some internal parameters. Then, the internal parameters are
optimized and calibrated by the MMPSO algorithm to determine the final result. To provide accurate
calibration control points, a calibration hardware platform was built. An infrared light-emitting diode
was fixed on the measuring head of a three-coordinate measuring machine (CMM), which drove the
diode to move, and a large-space virtual three-dimensional calibration board was constructed. The
experimental results showed that all of the 10 main internal parameters reached the order of magnitude

requested by the measurement accuracy, which validated the effectiveness of the method. The results
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of two calibration methods were measured by equidistant measurement with the single-camera vision
coordinate measurement system. The population standard deviation of the three-dimensional
calibration method of Janne Heikkila was 0. 112 mm, but the population standard deviation of the
virtual stereo calibration method based on the MMPSO algorithm was 0. 084 mm. The comparison of
the standard deviations of the measured data proves that the proposed calibration method is more
stable and accurate. This method can meet the requirements of the large-space single-camera vision
measurement system for the accuracy of camera parameters, and it has a certain guiding effect on nonlinear
optimization problems such as camera calibration in the field of visual coordinate measurement technology.

Key words: visual measurement; camera model; Mutation Mechanism Particle Swarm Optimization

(MMPSO) algorithm; internal parameters calibration
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Fig. 1 Transformation model of coordinate systems
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Fig. 2 Schematic of rotation angles
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Fig.3 Real camera imaging model

x1 BHIGRESHY

Tab.1 Camera calibration parameters

W 28 5158
=375 f ki w
R dX
/é n] fay A2 kj fifE
gy A et Ao
Eighe s il TRME .
W 2
Zini
WZHE 10 4 HNSHFE 6 A4

e oy 10 0 0
0 0 0 xw yu 1

—
(@]
O e
(e}

Xwn Vwn

0 0 0 X Ywu 1

3 BARAA B A A

FAR LS BB o 7 b BT R B9 43 B B A
Tk Ho G — B By AR 2tk i A 305 7 2R E )
U ME . SR A A 0 (BA BE 2 0 35 0 L Al i R AN
s @l N S R R A BT = R
Bl U, B AR T — B BN P 26 1k O kAT R0 (A T
SR AR SO R /N e IR X W HEAT R AR T

WP B AR 2 = 0. JHEE RAVES @ 51 K
rio A%

u;

’

i | U

1

—A'[R M] yo ) (8)

P, s AERE ERCE T L A8 BRI s yer ) s
WA 3 X AR Wi B H, 15 .

Lwi
u;
y\vi
Z: U | — H . ( 9 )
0
1
1

Ehﬂ: Z\vi:O?fE—']‘/f’tit(g):

/ / ‘/

U; i ri2 i3 Twi
/ / ’

Vi | = |20 a2 ras || Ywi | s (10)
/ / ’

1 3 V2 Vs 1

Horps Cury 0 DA Catgi s i s DA HIRRE 14~ 5
TE AV T b B AR A5 AR A FIAE 52 B AR AR 22T 9 4
Bis r R AR BRI H 55 i F758 j B0 .

e FERAENCY- T LA n ASHRAE A BEATHE
TH AR bR 28 RN R A P THT A AR AR R AR B 29 Ol
(Zgis Vi s O F Cetis0) s I Gi=1,2, 00, &
ORI S A bR, W OC T H A& A0 R 4t i
WH 2n A HE4RKA0HE =15

’
~i

7 — I
ri | w ri
ﬁ/ /
riz Ul T3
T U Xwi T U Ywi ’
T3
— U Lwi — U Ywi ,
a1 .ee
= . (1
a2 .ee
T UnXwn T UnTwn ,
T23
- vﬂ I\\'n - v?l I\\'n ’ /
51 UnT 33
, ’
L7321 Un¥ 33




E J&

U, A AR SEALEDRL T REOL AL 1 SR AL A 2 BOR 1749

M HMARER S ML) =1,
BEEA S NRAMITEMN HIW 2n NI,
KLADKLRH .

KH=U, 12)

Hor, Ko U 43 310 BRI 20X 8 FEEE A 2n 4 7]

WM H O 8 4Emi & . Y 2n>8 W), A /b
TR

H—(K'K) 'K'U. (13)

AL HENCT T AR AR 55 ATTRE I AR A
PR T 4 ASBE BIA] R AR S0 [ H, S RE oK
filt AR HTC R TUE BT T LT n N ERRE AL,
oK Ao > T O R AR

F IR HEZ: H0 M © 8 o€ 1Y A48 46 FF H 22 [H]
HIOC R ARG RGP 2 35 S BT 0 N 2
BB RS AL MPIE. fEitE NS
R e E R TP AT S v HIEZE ]
HOIX 5 R AR R SRR N2
ME A5 H IAS 06 R L MR8 52 ) R 21 SRAA R
BHNZ fou.u.

4 T FAE T AL R ASR R

TERBHSBORHES BE rh AL SR rh B AR R
PV GRIRRA NN (S A e RO s cE DN
Y SR BRI AR 7 T 7 A A R o/ MER 22, S B
RS R R S A A T AR 4 R e LA . AL Gk
WHETLERNSHE A NHEERSBAR
B AR A B 1 AN W S W SR 2 Y BB . AR 4 R
00 LS R TR S BT R TR R IRR
GBS B R T B 4R R (R
THEEE S AR, 5 245 R AN SO
REREAR . Aok b Ia) 8, AR SCR A 3 6 18 57
AR AL AR #E L6 (Mutation Mechanism
Particle Swarm Optimization, MMPSO) & &, il
i 728 S AR A A R A AR v B R R B A Y R
T A HA DS 2, 008 SRy T de 0 Y R s L 5 )
BHEISEMA BB, WHEET o1 BEZ
Wi 5 SR AR RAVERE . A IR A Sk 2 R i
RVERE B0 5 A WOB/NME B R TR R R AE
B .

FE SCH ISR AR A ks

= fk—3)

Horrs fCO R RIEESS e AU, fCR—5) T iE
S Ce— M E LB, = N R B il 5 A AL B it
B R AR A2 . BUBPEAL T -
le_fr‘c)vf,C)0.0S
[ . (15)

r
[ w» "—2. 0’ ©<0.05

H w0 — B BOEEMBERE, H o >
w5 HLO T A PR BENL S, T
MIERES ¢ BYR/INITBUE .

Bl SR R R AR Y BEAT L ORL T R EOA W
b ] RE BRSO SR AR AL AL . BRI 2
EIEARE] - R X e BEAT AR SR AL Al Bk
R SO Ak R A HA DX S R itk e B AR,
B )R E Ui . L RARERAE N O BT A kLT 4%
— B MR HE A L B N AE B BF H9 m AN RE T R R
[0, 1] m NBENLER rivi=1.2, s m:#5 r, /NTF
L0. 1,0. 3] AYHE AR pu, » MIKHE 225X

T (k1) =y (k) (140. 5). (16)
TR B BT T Uk Herh e IR
B0, 1] A0 B9 BEALAS 4. 7R 5k b RO R R
PRI£K

Q) = >, > | Py—Pu(x.R.M, P) || 2
i=1 d=1

a7
o, P 238 o BAR ML SAGOT Th 2 08 (1R R Ak
PR s P (s Ry M, P) 2 38 33 AR5 AL 5515 5]
MR SR R A bR, T e /ME Qoo 38 R ok
NS .

MMPSO Sk iy EEA LR AE .

R 1ATENSWIRE. & R, M A&,
Bzl fdX.dY, c=Luwu ], 7. k=
Lkikoky 1o p="1 p po JBENLAE B N ASARIE A E Y
AR

SRR 243 0 T B R A A ORI EE RR
B DA Tl 0 S 2R R, i SORE T 24 JiT A7 B R
B A B B3 IO BRI A A R e A 1 5 B
TR AR 19 e /AIMEAE Ry 4 Jmy e LA Ho A7 & oy 4
Jey e LA 5 V- AR R 5 /IR B L L 38
L E /N Fe /R B DU R AT AR S A 5 A 0 B )

LRI BN TFYEME SN TR K
PR AT . 5 O, AR IR T 37 5 )L R



1750 e KT

527 &

BA R 1Y) e AU EHE o o L B R 2 A S
22 )R Fe AU AR LU 5 G UL IO O B3 5 A I, Ok B
JEOR e L s o Ak A B b 42 Ry s A0 (0 B
AL AT A S A0 B ] DR 4
R 4 MR B AR B B B R
BTG O B BEHT A O AL S BT
TN
va (k1) = wX vy (k) + ¢ X rand; (k) X
[ pu(R)— xy (R ]+
o X rand; (R) X[ pu (k) — a2y (R ], (18)
x (k1) =y (k) + vy Ck+1). 1.
Ho s vy (O RARLT i 55 k WGETDER d 4619
M s rand, o520, 1] Z 8] B BEPLEC; pu (k) KL
F i FEH R UGB d A OLE s pu (R A K
UGEARI 2 d 4B 2 R A & .
BRSO RARREIE AT I 1 AR, A A
T H B LA kA SR,

5 SR HSM

P56 A AR D R e R B SONY XC-HR90 %
THH# CCD B AR — A5 R, KT
VT BeXt b S2 5 IF 5T I Lt B X 2 SR R ALY
SRR ME . SRGHLAT o S 80 R S R
1R 1296 pixel X 966 pixel, fEHE f=12 mm, 1l
RN J5 ] B PR RT3 5 dae=3. 75 pm,
dy=3.75 pm,

501 EMZERERNEE

WL AT CA 1S BRI ik IR S A SR
Ko TRl (0 2 L B 4 A B R N E T =
A ) e AL Sk o T A DA S AR DU A O 2 R AT
A, AR TR IR EE CMM I 3k 78 23 5] N #% 3
P AR R 2 ) A o L — AR A AR o A S 60 B8 S A 1)
Mo 45 . S5 5% SR H E E ZEISS A A 1
ACCURA = A Frill &AL, W &5 F 4 1 200 mm X
2 400 mm X 1 00 mm. M & A 8 & B R 1.2 +
L/350 pm;£LAM RS AR RIS R SE3470, K
950 nm, 2L 0K 7EBAR PG Sk b G ARk £ Ak
TR A A I B T S RS L i AR R i A
SRR 5 LED % ' am B 44 il i, 14 oA £ £k 5 g
Fe L aniE 4 s,

T 5 2 8] 08 08 B s BE FNTR BE 5 ) o 3 3k [
SE 5 LLAN 2 WA B = AR AR I LI Sk ST RE

R gl B — A M L = A IR I A Y AT
260 AR HL 2 BORS o 4% ) o [ T B AR
BILX HE 80 = 2 A o Al v B 25 O 24 AR AE s (B 205
R TR BEAT UL

B4 BitR RN E

Fig.4 Schematic diagram of template construction site
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Tab. 2 Initial estimates of camera calibration parameters

28 w/ (%) o/ () k/ (%) T/ MM Yui/ MM 20/ MM f/mm w /pixel w /pixel
1A 0.012 3 0.063 2 0.0121 —673.113 411.566 2 221.339 12.083 —12.008 5.461
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Tab. 3 Parameter setting of MMPSO algorithm
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Tab. 4 Calibration results of MMPSO algorithm internal reference
28 f/mm  w/pixel w/pixel dax/pm  dy/pm kK0 ') k(10 ') k(10 7) P (10 7) P.(10 )
Y 12.091 —12.704  6.097 3.751 3.735  —8.976  5.116 8. 207 3.013  —6.077
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Tab. 5 Calibration results of Janne Heikkila 3D template

ZH f/mm w / pixel w /pixel ki (10 ) k(10 ) p1 (10 %) po (10 )
e UEAE 12. 071 —12.851 6.272 1.088 4,147 —3.115 5.226
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Tab. 6 Equidistant measurement results

He T MMPSO 57 35 B M 100 = 248 4 i ik

Janne Heikkila = 4% i %

Jp45 38/ mm
WAEAEIE/mm  BHABREZ/mm W EHH/ mm PAREZE/ mm

1 50 49.961 0.025 50. 056 0.028
2 100 100. 046 0.027 99. 922 0.031
3 150 150. 760 0.032 150. 089 0.033
4 200 200. 089 0. 045 200. 092 0.073
5 250 249.908 0.054 249. 856 0.086
6 300 300. 102 0. 066 300. 114 0. 088
7 350 350,127 0.113 349, 852 0.128
8 400 399. 862 0.118 400. 163 0.134
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