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Introduction

Problems in measuring the real size of 2D objects
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2D Camera Calibration

Introduction

Some problems in measuring the real size of 2D objects:

Cameraiis tilted

Dimensions of pixels horizontal and vertical are different
Distance of object from camera

Focal length of lens
Lens distortion

Mismatch frequency of frame grabber and analogue camera (*)
Non-alignment of optical axis of camera ccd and lens
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Computer Vision: 2D Camera Calibration

Coordinate systems

Pixel coordinates:

Measured from the image

Unit in pixels

Origin: top left corner

X values increase from left to right

Y values increase from top to bottom

World coordinates:

User defined

In order to measure the real size of objects there must be a
mapping from each pixel coordinate to a world coordinate.
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Camera parameters

Camera parameters:

Interior parameters:
determined by the internal geometry of the camera and the
properties of the frame grabber

Exterior parameters:
determined by the position and orientation of the camera
relative to the world coordinate system
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Computer Vision: 2D Camera Calibration

Interior parameters

+ Geometry of ccd chip:
« dx: center-to-center distance of pixels in x direction
« dy: center-to-center distance of pixels in y direction
« Principal point (alignment of optical axis of ccd and lens) :
« xp: x-coordinate for principal point, relative to center of image
* yp: y-coordinate for principal point, relative to center of image
« Camera constant:
« f: <=focal length, at infinity = focal length
* Lens distortion coefficients:
+ kappa1: first order lens distortion coefficient
+ kappa2: second order lens distortion coefficient
+ kappa3: third order lens distortion coefficient
+ Frame grabber property:
+ sx: scale factor for timing digitizer
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Exterior parameters

* Rigid body transform:
+ Rx: rotation around x-axis
* Ry: rotation around y-axis
* Raz: rotation around z-axis
* Tx: translation in x direction
+ Ty: translation in y direction
* Tz: translation in z direction
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Calibration Pattern

A fixed pattern of circles is used to calibrate the camera
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Find calibration points

camera findcalpoints imageName nrRows nrCols minPixels
maxPixels

This operator examines a binary image with imageName in order
to find the calibration points.

A fixed pattern of circles is expected with nrCols circles vertical
and nrRows circles horizontal.

Each circle has minimal minPixels and maximal maxPixels.
The positions of the calibration points are displayed on the
screen.
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Computer Vision: 2D Camera Calibration

Demonstration Find calibration points

Demonstration:
+ Open image 140_8_30x_36cm.jl
« ThresholdlsoData DarkObject
« camera findcalpoints 10 14 300 2000
« Examine results
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Demonstration Find calibration points

I ¥isionLab ¥3.28 7-9-2002 [c] ¥an de Loosdiecht Machine Yision www.vdimy.nl
File Operator Camera Server Options Window User Help
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Computer Vision: 2D Camera Calibration

Camera Calibration

The 140 calibration points are used to find optimal values for the

15 camera parameters.

So there are 140 equations with 15 unknown parameters.
The parameter space has 15 dimensions and consists of

polynomial and goniometric equations.

This non-linear optimalisation problem is solved in VisionLab with

a combination of a Genetic Algorithm and Hill Climbing.
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Demonstration Camera Calibration

« Open dialog camera calibration
< Pixel coordinate file: pixelc.txt
« World coordinate file: worldc140.txt
« Calibration file: camcalib8.txt
« MinMax file: minmax8.txt
« Start calibration with:
« Population size = 100
« Mutation prop = 0.1
» Delta prop = 0.5
* Micro prop = 0.5
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Demonstration Camera Calibration

it Camera parameter
Piwelcoordinate file ‘wiorld coordinate file Calibration file tlintdax file
|D \JaapWision 2002\ imageshpivelc tat |D ) aapVision2002himages\worlde 140t |D \J aap\Wision 200 Jibd] |D Jaap ; bt
Open Save | Open | Save | Open Save | Open | Save |
el conrdinates world coordinate: [calculated B image height [540 mesn e [11954061055564427227
w (97.65750) woragssesselomster) L | imsgewign [am | maeno  [ionaisnmann
(77.5,62.6195) (825675, [-82 6513 67.1201,2.47025-15)
(1305624 52.0518) [67.56750) (67,5991 67.1928,1.159348e-14) patameter | valus mitiiam kit
[184.544 51.275) I525675.0) 152,561 57347 2.22677e-14) di 00085 0.0085
239,207 50.8555) [37.5675.0) 137 5056,57.423.2.33598e-14) dy 0.006250000000000000347  0.00625 0.00825
(294037 50.7785) [22.5675.0) 1-22.5128,57.4352.6.29992¢-15) . 0.0453986471 144760758 10 10
348,967 50.6983) (756750 (-7.54727.67.4733 1. 26288=-14) m 0.7574644001586564278 10 10
14.042.60, 89361 17567501 17.45477 67,4624 3663741 AIJ_I o 0.9660400000000000095 0196504 0.96504
kappal 0.004B77605792413098614 0 [ilz]
rumber of coordinates  [120 kappa2 a i} 0
kappad 0 0 i
~Calibration parameter f 78239277504B0656358 6 f
Detail Rx 0468091 6058839686422 08 -03
hin eror o riwttation propabllity (7 1 Py 0.01851205276650287265 0.2 02
max generalions 100000 della piopabiity 5 Az -0.00865433565351 1166636 0.2 0z
population size [100 micro propabiity 0.5 Tx 798081 7285683783346 200 200
iiize Founder [7] | o i 170040430970200369 200 2m
sce file re—
Tz 327.921 251197851575 320 380
Stap caliaaiion ||_Stan calibration gereration [5 Close
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Left part Camera Calibration screen
Camera Cal
[~ Coordinate:
[ Pizel coordinate file—————————— world coordinate file
ID:\Jaap\\u’\s\on2UUZ\\mages\pme\c.lxt ID W aapiWision2002\imageshweorlde 140t
Open | Save | Open | Save |
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27-aug-18 2D Camera Calibration 16

Jaap van de Loosdrecht, NHL, vdLMV, j.van.de.loosdrecht@nhl.nl

27-aug-18



Computer Vision: 2D Camera Calibration

Right part Camera Calibration screen

= B3
 Camera parameter
rLCalibration fils Mintax file
|D JaapiWision2002\imagesicamcalibd t |D W aapiVision20024magesiminmaxS. txt
Open | Save | Open | Save |
image heghtlw— mean emar m
image width [745 makerror [0 5913791 266534529399
parameter | value minimum [masimum [
dx 0.0065 00065
dy 0.006250000000000000347  0.00625 000625
Hp 0.0459886471144750758 -0 10
vp 0.7574644001586954278 -0 10
Er 0.9660400000000000092 0.96604 0.96604
kappal 0.004877605792413098814 0 0.0
kappa? 1] a a
kappa3 1] a a
t 7.829327750480668358 3 8
Rz -0.4660916059539686422 0.8 0.3
Ry -0.01851305276650287365 0.2 0.z
Rz -0.008854399853511168636 0.2 0.2
T -7.98081 7285683783345 -200 200
Ty 170 0434389782403636 -200 200
Tz 327.921251197851575 320 330
Close
27-aug-18 2D Camera Calibration 17
Pixel to world coordinate
camera pixelctoworldc pixelCoord camcalibfile
This operator translates a pixelCoordinate to a worldCoordinate
using a calibration file camcalibfile.
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Demonstration Pixel to world coordinate

+ Open image 140_8_30x_36cm.jl
« Find coordinate of pixel to convert to world coordinate
« Use in camera menu function Pixel to world coordinate
« Fill in chosen pixel coordinate
« Click on camcalib file field and select camera calibration file
camcalib8best.txt
« Execute function and see result in result bar
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Demonstration Pixel to world coordinate

T VisionLab¥3.28  7-39-2002 [c]) Van de Loosdiecht Machine Vision  www._vdimv.nl

File Operator Camera Server Options Window User Help
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Demonstration Pixel to world coordinate

D% aap*Vision2002\mages'eam
Close |
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Correct for optical distortion
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Correct for optical distortion (*)

CorrectXYCoord (xyCoord, heightimage, widthimage,
principal_point, sx, dx, dy, kappa1, kappa2, kappa3)

Camera CorrectCoord2D (Coord2D, heightimage, widthimage,
principal_point, sx, dx, dy, kappa1, kappa2, kappa3)

This operators corrects the "barrel shape" lens distortion for one
pixel coordinate

Camera CamDistortion (srcimage, destimage, principal_point, sx,
dx, dy, kappal, kappa2, kappa3)

This operator corrects the "barrel shape™ lens distortion in the
whole image
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Demonstration Correct for optical distortion

Close open images

(note image taken with different camera as previous example, we are now interested only in
the optical distortion)

Show position of centre circles:
+ run script correct_distortion.jls
Open file distortion.jl
(Show corrected image:
+ CambDistortion (0.002,0.09) 1 0.0099 0.0099 0.00532 0 0)
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Positions of centre circles
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Corrected image
00000OGOGOOOOONOS
000000000 0CGOCGOCGFOS
0000000000OCGOCGKOCO
0000000000000
000000000000 0°
0000000000000 0
0000000000000 FO0
0000000000000 0
0000000000000 0
0000000000000 0
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Used for interactively correcting
optical distortions.

Note: Note the kappa's for this operator are
different from the kappa's used by
CambDistortion.

This operator performs "the inverse operation”
and is much faster then CamDistortion.

See Geometry menu.

Optical correction tool

¥ Optical correction tool El@lgl

source ’W
destination [distorsion s
interpolation ’W
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value o
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[« | 15
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K| 2
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Optical correction tool

T VisionLab ¥3.37  12-6-2008 {c) Van de Loosdrecht Machine Vision  www.vdImv.nl

Fie Operator Camera ZServer Opfions Window Userl User User3 Userd UserS Useré Help
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Optical correction tool

¥ vVisionLab ¥3.37 12-6-2008 [c) Van de Loosdrecht Machine Vision  www.vdImv.nl
File Operator Camera Server Options Window Userl Lser? User3 LUserd UserS LUsert Help
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Exercise correct distortion

XX X XN N N X J
IR X X X X X J
(XXX Y XY X}
XXX XXXX)
XYYy
I XX
eeeccccooe
seccccooe
o000 O0OOO
LA X XX X X X ¥ J

+ Useimage 140_8_ 30x_36cm.jl
« Correct both optical distortion and distortion by tilting

Answer: correct_opt_warp.jls
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Orginal -> Optical correction -> Warp

T visionLab V3.36 12-2-2007 [c) Van de Loosdrecht Machine Vision  www.vdimv.nl
Fle Operator Camera Server Options Window Userl User2 Userd Userd UserS Userg Help
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Fish Eye lens
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Fish Eye Tool

] . . E.JFishjeye ol Ml=1E3
Used for interactively correcting . ““u — =D
A N A source [ishepeipsa?
Fish Eye distortions. destinalon ’fhj:l/dﬂ—
interpolation [BiincaiPielntepalation |
Omega

If omega is positive an image taken with a fish
eye objective will be stretched flat. With a
negative omega a normal image can be

valug 0.00897
max 0.0

transform to a fish eye image. L B Il
Scale
A good starting point for experimenting with a vake 207
value for omega = Pl / (diameter fish eye circle e n
in pixels) . O |
The scale factor specifies a the zoom factor. B <yt
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Fish Eye Tool (on image fisheye.jl)

T VisionLab ¥3.36  3-7-2007 (e) Van de Loosdrecht Machine Vision  www.vdimv.nl
File Operator Camera Server Options Window LUserl User? Userd Userd UserS LUsere Help

7 Jihieye tool - [0 =
SOLICE fisheye. %37
destination  [fisheye jiz42
intepolation |BilinearPisel nterpolation 2
Omega
value 0.00722
hak fom——

Scale

valug 157

268,035 us
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Exercise correct distortion

» Use image cow.jl
+ Correct both optical distortion and distortion by tilting

Answer: cow_correct.jls
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Orginal -> Optical correction -> Warp

All objects are of the same size, regardless of the distance to the camera
Advantage: Binary or Greyscale filters can have fixed sizes
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Fish Eye correction operator (*)

FishEye srclmage destimage height width omega scale border
interpolation

Menu: Operator | Geometry

This operator performs a FishEye transform. If omega is positive an image
taken with a fish eye objective will be stretched flat. With a negative
omega a hormal image can be transform to a fish eye image.

A good starting point for experimenting with a value for omege = Pl /
(diameter fish eye circle in pixels) .

The scale factor specifies a the zoom factor.

The parameters height and width determine the size of the destination
image.

The specified border value will be used as result pixel if information
outside the source image is necessary for the calculation.
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