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http://robots.stanford.edu/cs223b04/JeanYvesCalib/index.html#links

Camera Calibration Toolbox for Matlab
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L3 lmanpeli [1-4

* Download the calibration images, and
store the calibration images into a

seperate folder named calib_example.

Eimagel? 11:4. . M=l E3 || Cvimageld [1:4 . =] E3 E1Imane2( |1:4. . Mk B3

ln
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* Run the main matlab calibration function calib_gui (or calib).
A mode selection window appears on the screen:

) Camera Calibration Toolbox - Select mode of operation: - 0] x|

standard (all the Images are stored in memaory)
Memory efficient (the iImages are loaded one by one)
Exit

* let us select the standard mode by clicking on the top button of the window. The main calibration toolbox
window appears on the screen (replacing the mode selection window):

o
Image names Fead images Extract grid corners Calibration
Show Extrinsic Reproject an images Analyse errar Recomp. corners

AddfSuppress images Save Load E:xit
Comp. Extrinsic Undistort image Export calib data Show calib results
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3‘& R KV %ﬁ& The matlab window should look like this:
"I-_‘ ‘]< - Image11.tif Image15.tif Image1?.tif Imagek.tif Image8.tif
Image1?.tif Image16.tif Image?.tif Image5.tif Image9.tif

Image1.tif Image13.tif Image17.tif Image2B8.tif Imageé.tif
Image18.tif Image14.tif Image18.tif Image3d.tif Image7.tif

* Reading the images:

Basename camera calibration images {without number nor suffix): Image
Image format: ([]='r'='ras', 'b'="bmp’', 't'="tif', 'p'="pgm’', 'j'="jpg', 'm'="ppm'} t
Loading image 1...2...83...4...5...6...7...8B...9_ _18...11..12. . 13. . A4 .. 15..16.. A7 .18...19...28. ..

* Click on the Image names button in the Camera fione

calibration tool window. Enter the basename of The complete set of images 1s also shown in thumbnail format

the calibration images (Image) and the image

Calibration images

format (tif).

All the images (the 20 of them) are then loaded in

memory (through the command Read images that
1s automatically executed) in the

variables I 1,1 2 ,..., I 20. The number of images

is stored in the variable n_ima (=20 here).
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* Extract the grid corners

Click on the Extract grid corners button in the Camera calibration tool window.

Extraction of the grid corners on the images
Humber(s) of image(s) to process ([] = all images}) =

Press "enter" to select all the images. Then, select the default window size of the corner finder: wintx=winty=5 by pressing
“enter” with empty arguments to the wintx and winty question. This leads to a effective window of size 11x11 pixels.

Extraction of the grid corners on the images

Humber({s) of image{s) to process {[] = all images) =

Window size for corner finder (wintx and winty):

wintx ([] = 5) =

winty ([] = 5) =

Window size = 11x11

Do you want to use the automatic square counting mechanism {B8=[]=default)
or do you always want to enter the number of squares manually (1,o0ther)?
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* The corner extraction engine includes an automatic mechanism for counting the number of squares in the grid. In this

present example, it 1s perfectly appropriate to keep working in the default mode (i.e. with automatic square counting
activated), and therefore, simply press "enter" with an empty argument.

Do you want to use the automatic square counting mechanism {8=[]=default)
or do you always want to enter the number of squares manually {1,othey}?

Processing image 1...

Using {wintx,winty)=(5,5) - Window size = 11x11 {Hote: To reset the window size, run script clearwin)
Click on the four extreme corners of the rectangular complete pattern (the first clicked corner is the origin)...

Click on the four extreme comers of the rectangular pattern (first carner = origin)... Image 1

The first calibration image 1s then shown on Figure 2 122 .
150
20F
250 B
300
350

400
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* Click on the four extreme corners on the rectangular checkerboard pattern. The clicking locations are shown on the four

1 Click om the four exinems comers of the mectangulss pattam [first coener = ongin). . Imaga 1 Click on the four exdrams comers of the sciangular pattem (firsd comss = ongini .. Imags 1
following figures. e on x o g inag raular gt .. Imag

1l S8
10 »
Ordering rule for clicking: The first clicked point z z
is selected to be associated to the origin point of the e o
reference frame attached to the grid. The other three = *
points of the rectangular grid can be clicked in any | .
order. This first-click rule is especially important if “la L. “l I

you need to Calibrate eXtemally multiple Cameras- Chick an ibe four estrerne comers of the rectangular pathesn (st corner = origin.. bmage 1 Chck on 1k four astreme comers of the rectangulse pattem (fisst comer = origin). . nags 1
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Enter the sizes dX and dY in X and Y of each square in

%I r 71_‘*,% ij\j.sgi the grid (in this case, dX=dY=30mm=default values):

Size dX of each square along the ¥ direction ([]=30mm) 30
Size d¥ of each square along the ¥ direction ([]=368mm) 3a

* The boundary of the calibration grid 1s then shown on

: Note that you could have just pressed "enter" with an empty
Figure 2:

argument to select the default values. The program automatically
Click an the four extreme carners of the rectangular pattern (first corner = origin)... Image 1 counts the number of squares in both dimensions, and shows the

| predicted grid corners in absence of distortion:
a0

The red crosses should be close to the image corners

100
150 50

200 100

250 | 150
00 200
350 250 |

400 300

450 350

100 200 300 400 S00 B0 400
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« If the predicted corners are close to the real image corners, then the following step may be skipped. Press "enter", and the
corners are automatically extracted using those positions as initial guess.

Corner extraction...

The image corners are then automatically extracted, and displayed on figure 3 (the blue squares around the corner points
show the limits of the corner finder window):

Extracted corners

af
100 §
150
1] S

250 B

(W3]
=
=

Yo (in camera frame)

350

400
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¥ fin camera rame)
g B

¥t (in camera frame)
g B H

300
5]
A (-
* The corners are extracted to an accuracy of about 0.1 pixel. =
imo 200 300 -M;IJ 500 201]
. ¥ (in camera frame) ¥c (in camera frame)
Follow the same procedure for the 2", 34 ... images. For R ——
| ) .
example, here are the detected corners of image 2, 3,4, 5, 6 -
i‘!ﬂl = L=1]
and 7: £ a0 £ 20}4
£l £
‘é‘&:ﬂ E':m

§ & B

1 200 ) 400 500 B
¥e fin camers frame) Ao (in camers frams)

Esiracied comers Esiracted comen

- - 150
e ] Z 200
= -]

H H

E 250 E 250
2 ]

£ z

o o 300
o = b
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* Main Calibration step

After corner extraction, click on the button Calibration of the Camera calibration tool to run the main camera calibration
procedure.

Calibration is done in two steps: first initialization, and then nonlinear optimization.

The initialization step computes a closed-form solution for the calibration parameters based not including any lens
distortion (program name: init_calib_param.m).

The non-linear optimization step minimizes the total reprojection error (in the least squares sense) over all the calibration
parameters (9 DOF for intrinsic: focal, principal point, distortion coefficients, and 6*20 DOF extrinsic => 129 parameters).
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Aspect ratio optimized {est_aspect_ratio = 1) -> both components of fc are estimated {(DEFAULT).
Principal point optimized {center_ optim=1) - (DEFAULT). To reject principal point, set center_optim=8
Skew not optimized (est _alpha=8) - (DEFAULT)
Distortion not fully estimated {defined by the variable est_dist):
Sixth order distortion not estimated (est dist(5)=8) - (DEFAULT) .
Initialization of the principal point at the center of the image.
Initialization of the image distortion to zero.
Initialization of the intrinsic parameters using the vanishing points of planar patterns.

Initialization of the intrinsic parameters - Humber of images: 28

Calibration parameters after initialization:

Focal Length: fc = [ 671.13759 680.77186 ]
Principal point: cc = [ 319.588688 239.50008 ]
Skew: alpha c = [ 6.080688 ] =» angle of pixel = 90.00008 degrees
Distortion: kc = [ B.80080840 g.080888 B.000880 8.8080008 g.a0068 ]

Main calibration optimization procedure - Humber of images: 28
Gradient descent iterations: 1...2...3...8...5...6._.F...8...9_...18...11...done
Estimation of uncertainties.._.done

Calibration results after optimization {with uncertainties):

Focal Length: fc = [ 6b61.67861 662_82858 ] + [ 1.17M13 1.26567 ]

Principal point: cc = [ 386.8950@ 24B.78987 ] + [ 2.38443 217481 ]

Skew: alpha c = [ 6.80888 ] + [ 6.0880808 | =» angle of pixel axes = 20.08060 + B.080088 degrees

Distortion: kc = [ -8.26425 B.22645 g.08620 8.690023 0.00068 ] + [ 0.98934 B.083826 #.80852 8.688853 0.8080808 ]
Pixel error: err = [ 8.453308 a.38916 ]

Hote: The numerical errors are approximately three times the standard deviations {for reference).

Recommendation: Some distortion coefficients are found equal to zero {within their uncertainties).
To reject them from the optimization set est dist=[1;1:;8;8;8] and run Calibration
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* On this figure, every camera position and orientation
is represented by a green pyramid. Another click on
the Switch to camera-centered view button turns

the figure back to the "camera-centered" plot.
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135smmigisk, MUERSAZAD?
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e 1. O z=10m, ¥ y=2m, £ A~50mm

. R i+l_l A 1+ 1 :sz'z0.05025m

AR Z 10 0.05

el AR, WEPRA, RMGEX

« 2. CHIYIEE z=10m, ¥ y=2m, £EFE f=135mm

Ly o L 2013685 m ' =0.13685x == 0.02737 m
271070135 10
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« WEMRIIK i 4:3, #EAT LRI

* 1001 B R TR BB W0 #R L2y 2 07

* 10005 B R BHIAE R B2 0 #ER A N2 D7 BB BB OERE T2 D7k .
o i WEHMERHEZ w, WSEZEA=3w/4, EBKNA:

w-3w/4=1,000,000 ===y w=1154, h = 866

w=3651, h~2738
21000 TR = MG AL,

 BOEBIAMEEFZINFET, 100055 ZE1FE30005 N FT, HEI30MB
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W HER: 640 X480 £ N30 14 R
1024 X 76821880 i 14 %
1280 X960 £1°N130 /i1 % (1.3M)
1600 X 1200 Z1°4200 /714 % (2M)
K5 A16:9
1280 X 720414100 /314.% (720P)

1920 X 1080 £J°5200771% 2 (1080i/1080P)
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The End
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