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Précise Measurement of Centroid Coordinates of Target Images in Camera Calibration

Manabu Fujitani, Yoshiyuki Ohnishi and Susumu Hattori

ABSTRACT
The precise coordinate measurement of target images is the most crucial factor
affecting the performance of camera calibration in vision metrology. Simple
binarization techniques to extract target images to pinpoint the center do
not work well, when they dot the bright background. In this paper a pre.cise
measurement algorithm of target images is discussed by use of the Laplacian
of Gaussian (LoG) filter. A window is taken to include each target image is
filtered with a LoG filter and its periphery is extracted. The centroid of
pixel intensities inside the periphery is calculated. According to an
experiment on camera calibration in a two—dimensional target space with bright
background, 0.04mm of a posteriori precision of image point coordinates was

obtained.
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Fig.1 Configuration of targets and cameras
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Fig.4 Profiles of a LoG filter.
(size of 11x11 pixels, o=1.0)
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Fig.5 Zero—crossings (displayed in gray)
and extracted target image (in white).
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Fig.6 Pixel intensities in an extracted target
image (profiles scanned by each row).
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¢ [mm] 20.31937 + 4.922e-003
xp (mm] 0.37431 % 5.132e-003

yp [mm] -0.04801 *+ 5.054e-003
K1 [mm™-2] 2.285e-004 = 6.058e-006
K2 [mm"-4] 5.110e-007 =+ 1.622e-007
K3 [mm"-6] -6.814e-009 =+ 1.304e-009
P1[mm"-1] -2.389e-007 * 2.279e-007
P2[mm 1] -2.116e-007 =+ 2.239e-007
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Table 1 Estimated interior orientation parameters.
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#define size 11
#define gsize 31
int ca[31][31];
Wb,

N Z BB OBERBER A>T

void logfil(void){
int i,j,k,x[siz],y[siz] ;
double s,Lflsiz]l[siz],Blsiz]l[siz],sigma=1.0;
double cblgsize+1][gsize+1];
int cclgsize+1][gsize+1];

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

for(j=0;j<gsize;j++){
cb[i][j1=0;
ccli]lj1=0;

}

for(i=0;i<siz;i++){
x[il=i-5; ylil=i-5;

}

HZ7 A VBT ~T 4 VFVERE~
for(i=0;i<siz;i++)
for(j=0;j<siz;j++){

Lilillj1=-10*(x[i)*x[i]+y[j1*y[j]-2.0*sigma*s
igma)*exp(-(x[il*x[il+y[jl1*y[;1)/(2.0*sigma*sigm
a));

11Blilljl=calil[j1* Lflil[j1;
}
7 4 &t
H~FEBCEBIZ T 4 VE DT B~
for(i=0si<gsize-11;i++)
for(j=0;j<gsize-11;j++){
s=0;
for(k=0;k<11;k++)
for(m=0;m<11;m++)
s=s+Lflk][m]*cali+k][j+m];

* cbli+5][j+5]=s;
-}
117 4 V& T
I~0%2XRELIEEFICF v 72 AND~
for(i=1;i<gsizesi++)
for(j=1;j<gsize;j++){
if(cblilljl<=0 &&  (cbli+11[;1>0 ||
cblil[j+1]>0 | | cbli-1][j1>0 | | cblillj-11>0))
celilljl=1;
}
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#define gsize 31

int cal311(31];
IR DOEBOBERMEL A>TV D,

int cc[31][31];
I8 1 ORREEZER, EoREL TS
BT 1, ZREADOFFRICIE 0B A>T
%o

void cent(int xs,int ys){
int 1,j,8X,8y,ex,ey,ec;
int calgsize+1llgsize+1];
X BEBROBERZTHREHLELLD

int cclgsize+1]lgsize+11;
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int maxx=0,maxy=0,max=0;

IR REEZRT EEDOEHK

HHEXNEEEZROZ~I LD, LBERBAOD
RTE ~
BB A ZRD D, AERITEHEEOC—FS
VAT
for(i=5;i<gsize-55i++)
for(j=5;j<gsize-55j++){
if(cali][jl>max){
max=calil[jI; maxx=i; maxy=j;
}
}
IEEMREHE R D D ~RIBDORE~
sX=maxx; ex=maxx; sy=maxy; ey=maxy;
cc[maxx][maxyl=2;
ec=0;
Hec - N—THTLEI PDOF v
while(ec==0){
ec=1;
for(i=sx;i<=ex && i<gsize-5 && i>=5;i++)
for(j=sy;j<=ey && j<gsize-b && j>=5;j++){
if(cclilljl==2) {
ec=0;
cclillj1=3;
if(celillj+1]==0) {
cclilj+11=2;
ifG==ey) ey++;
}
else if(cclil[j+1]==1) cclillj+1]=4;
if(cclillj-11==0) {
celillj-1]1=2;
if(j==sy) sy--;
}
else if(cclillj-11==1) cclillj-1]=4;
if(ccli+11[jl==0) {
celi+11[51=2;
if(i==ex) ex++;

}

else if(ccli+1]j1==1) ccli+1][j]=4;
if(ccli-11[j1==0) {
ccli-11[j1=2;
if(i==sx) sx-;
!
else if(ccli-11[j1==1) ccli-1][j]=4;

}
}
IEHE X SRR A R D D~ T ~
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double gx=0,gy=0,gaso=0;
int 1x=0,iy=0;
for(i=0si<gsize-1;i++){
for(j=0;j<gsize-1;j++){
if(celilj1==3 | | cclilljl==0){
gx+=(double)(calil[j1*D;
gy+=(double)(calil[j]1*});
gaso+=calil[j];

}
kekkax=gx/gaso;

kekkay=gy/gaso;
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