Page 1

CS348B Lecture 9Pat HanrahanCamera SimulationEffect

CauseField of viewField stop and focal length of lensesDepthoffieldAperture stop and focal lengthMotionblurShutterExposureFilm, aperture, shutter, radianceOptics in Photography.R.KingslakePhotography, Upton and London

CS348B Lecture 9Pat HanrahanThe Measurement EquationImagingopticsSensor/Pixel responseShutterScene radianceIntegrate!! Extension of pixel averaging

R= P( ′x , ′λ )S( ′x , ′ω , ′t )L(T( ′x , ′ω ,λ ),t,λ )d r

′x •d r

′ω d ′t d ′λ

∫∫∫∫

(x,ω) = T( ′x , ′ω , ′λ )

P( ′x , ′λ )

S( ′x , ′ω , ′t )

L(x,ω, ′t , ′λ )

CS348B Lecture 9Pat HanrahanParaxial RefractionSnell�s LawParaxial approximation1.2.

sinA≈ a

e ≈ 0

z′zeU′UϕImage SpaceObject Space

I =U +ϕ ′I = ′U +ϕ nsinI = ′n sin ′I

hR_{u = h}z_{′u = − h}′z_{ϕ = − h}R_{CS348B Lecture 9Pat HanrahanVergence and PowerVergenceThin lense equationSurface PowerLensmakers formula}

V = nr′V = V+ P

P = ′n − nR

P = ( ′n − n) 1R1 − 1R2

Page 3

CS348B Lecture 9Pat HanrahanFocal Points and Focal LengthsMove lens relative to backplanePower and focal lengthPerspective transform

P = ′n − nR = 1f

1′z = 1z + 1f ⇒ ′z = fzz+ f

⇒ ′x = fxz+ f

CS348B Lecture 9Pat HanrahanThick Lenses

Page 4

CS348B Lecture 9Pat HanrahanTessar

CS348B Lecture 9Pat HanrahanTelephoto

CS348B Lecture 9Pat HanrahanEyeGullstrand Schematic Eye60 diopters: 43-cornea, 17-lensRetinal illumination - Troland (1mm)Accomodation/focusing - flatten lensRefractive anomaliesMyopia (near-sighted) focus in front of retinaHyperopia (far-sighted)Radii of curvature

Cornea+7.80mm

Lens Anterior+10.00

Posterior-6.00

Refractive indices

Aqueous1.336

Lens (cumulative)1.413

Vitreous1.336

CS348B Lecture 9Pat HanrahanRay TracingMeridional rays vs. skew raysParaxial approximationCombinations of lensesSpot diagrams

Parallel RayFocal RayChief Ray

CS348B Lecture 9Pat HanrahanStops and Pupils In any optical system the light passing through is limited in cross-section, either by the finite diameter of the lense, or by diaphragms, called stopsStops - physical limitsPupils - logical limitsEffective pupils: entering and exiting

Aperture StopField Stop

CS348B Lecture 9Pat HanrahanField of ViewEyenConcentrate10… (half-angle)nResolve26…nDetect 60…LensesnNormal26…Film diagonal = focal lengthnWide-angle75-90…nNarrow-angle 10… Still vs. MotionStill designed for scanning, wider than eyenMotion narrower (14…)nFocal length of the projector greater than camera

Page 7

CS348B Lecture 9Pat HanrahanCircle of Confusion

1

′z = 1 z + 1 f ⇒ ′z = z+ f

zfz′z′dca_{ca = ′d′z= ′s − ′z}′_{z behind focal − plane}= ′z − ′s′z before focal − plane′s_{Image space view:}

CS348B Lecture 9Pat HanrahanDepth of FieldObject space viewnResolving powernDepth of field seriesnHyperfocal distanceDue to finite aperture c a = d z

= d^f s + d^f ⇒ d^f = s 2

1000a − s

= d^n s − d^n ⇒ d^f = s 2

1000a + s

c s ≈ 1

1000c dof

Page 8

CS348B Lecture 9Pat HanrahanCamera ExposureH = E x TnReciprocity failurenAutomatic exposureExposure overdeterminedAperture: f-stop - 1 stop doubles HInteraction with depth of fieldShutter: Doubling the effective time doubles HInteraction with motion blur

CS348B Lecture 9Pat HanrahanImage IrradianceF-Stop/F-Number:Fstops: 1.4 2 2.8 4.0 5.6 8 11 16 22 32 45 64 1 stop doubles exposure θf_{E = Ltπ sin2 θ = Ltπ4 df} 2

= Lt π

4

1

N 2 d / 2

d = f / N

Assumes image plane at focal point

Page 9

CS348B Lecture 9Pat HanrahanShuttersTwo typesnAt aperture (Between the lens)IrisnAt film planeSliding windowEffective vs. total exposure timenOpening and closing rampsnVariation with aperture

CS348B Lecture 9Pat HanrahanPhotographic ExposureDensity vs. TransparencyGammaFilm speed

D = log 1T γ = ΔDΔlogH Speed = 1H ⇒ ISO(ASA) = 1H^m × 0.8

Page 10

CS348B Lecture 9Pat HanrahanNon-Ideal BehaviourVignettingncos 4nLens barrelAberationsnChromaticnSphericalnComa, AstigmatismnDistortionDiffractionRayleigh�s Law

CS348B Lecture 9Pat HanrahanNon-uniform Exposure1. 2. Integrate over off-axis disk3. Vignetting θsrs = r cosθ^{E = Lcosθ dω= Lcosθ cosθ dAr2}= LdA_{s2} cos4 θdA

CS348B Lecture 9Pat HanrahanChromatic and Spherical AberrationsChromaticSpherical (caustic)