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w Parameters
¢ NOT Based on Optics
¢ Based on Optics but NOT based on Photography
¢ Based on Both Optics and Photography
w Optical Animation
¢ Focus Breathing
¢ Maximum Aperture Varying

w FYRETAYI d[1 8 2F wWSOALINROAIGES
w Conclusion
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Use offRarameters iNot:Based ontOptics

w Advantage
¢ Artists are not limited by optical consistency

w Disadvantages
¢ Output highly depends on artist
¢ A lot of experiences or knowledge is necessary

¢ Someone unfamiliar with photography may hardly notice unnatural results

w Physically implausible results are frequently found
¢ e.g. Bokeh in the background is too large compared to near andange

w Viewers who is familiar with photography may feel something is wrong
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Unnatural (O FH Handklng

wFnumber varies iImmoderately by focusing or zooming

wToo large bokeh in the background when FOV Is wide
¢ Miniature-looking scene

£ Silicon Studio 13
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Natural DOF-Handhing

w CoGsizes in the background differ by focus distance and FOV
¢ Wide FOV or far focus generates snalkeh
¢ Narrow FOV or close focus generates ldrgkeh

w Fnumber should not change
¢ Keep Fnumber constant when focusing
¢ Minimum Fnumber may vary by zooming depending on its mechanism

£ Silicon Studio 18
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Xroads of Discovery

Use offRarameters:Based ont@ptics

w Calculate the required parameters from artist settings

¢ Artist settings:
wFOV, aperture, focus distance, etc.

w Advantages
¢ Can keep optical consistencies
¢ Less parameters to set

w Disadvantages

¢ Artists are constrained by optical consistency
wArtists may not control DOF as intended

2
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Xroads of Discovery

Parameters\NOhbased ondPhotography

w The optical parameters might be still unnatural
¢ 10,000mm of focal length
C 0.1 of Fnumber
¢ 1cm of focus distance with a telephoto lens
¢ And more...
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A Freguently\Made/Mistake

wWhen you want to focus on a person and make a blurry
o0l O]l ANR dzy R X
1. Frame the person using a wide angle FOV
2. Focus on the person
w FNR G2 o0fdzNJ 0KS oF O]l 3INRdzyRE &2 X
3. Open the aperture until the background becomes blurred
wFnumber might become too small

K The scene becomes unnaturally miniaturized

P
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The Wrong Way to Make a Background Blurry
f/0. 3 (Not Based on Photography)
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Xroads of Discovery

Parameters Shodlddoe: Based amRhoiography

w Not a matter of the aperture setting for the insufficient blur

¢ Relationship between camera position and FOV does matter
wMoving the camera further and zooming makes the bokeh larger

w Parameters not based on photography can cause unnatural
looking results

¢ Limiting optical parameters to a proper range
wFnumber should be from /1.0 to 1/32.0
¢ /2.0 or greaterfor zoom lenses

wLower limit of focus distance should be twice the focal length
¢ i.e. Macro 1:1

wetc.
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Xroads of Discovery

Parameters:Basecham Phatagraphy

wThe artist would have to move the camera and zaom
¢ The result will look natural

P Not based on photography Based on photography
£ Silicon Studio 25



The Wrong Way to Make a Background Blurry
f/0. 3 (Not Based on Photography)
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The Proper Way to Make a Background Blurry
f/2.8 (Based on Photography)
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Optical (Rarameter Animation

wFocusing animation

wZooming animation

wFocus breathing

wMaximum aperture varying when zooming
wVignetting varying

w! VYR Y2NB X

P
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Optical (Rarameter Animation

w Should the artists control all of them?

¢ A lot of experience or knowledge Iis necessary
wFocusing and breathing are exclusive knowledge

¢hdzi LJdzG lj dzF £ A 1 & K AekgefieBce 6t bnbdBedide &4 2

w Override the settings specified by the artists

¢ Make the focusing animation automatic
wArtists set only the target for focusing

¢ Override the FOV by focus breathing
¢ Override theminimum Fnumber dependingn FOV
¢! YR Y2NB X
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Xroads of Discovery

Overtiiicle FEO V) \byokocas=Brieathing

wChange the FOV depending on focus distance and
focusing mechanism

£ Silicon Studio 31



SIGGRAPH2015 ’ 2
Xroads of Discovery

ApproximationcofrbocusrBreathing

w Calculate current finite focus FOV from infinite focus FOV and focus distance

f=h/ (tan(fov/ 2) * 2) f . Focal length for infinite focus

d=d,f/(d,-f) d : Image distance for infinite focus

s=d,/f=d,/ (d,-f)

Sr=pow§, r)

dCx=f* sr d.Q Image distance for current finite focus (result of breathing)

T 2a@anh/ (dX2)*2 T 2:FQV for current finite focus (result of breathing)

c¢Optical effective focal length for the result of breathing
wF £ /s=f*sr/s=@dnh/2)/ (tan(F 2/@X¥d,+h/2)
w Will be shifted depending on focus distance and

cW IsXbe degree of the focus breathing
w You can control breathing by settinffom about-1 to 1
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Degreecof thesBreathing:

w 1.0 means that FOV will be narrow angle according to slagkerule
¢ Allgroup focusing (typicahacro lenses)
¢ Optical focal length is always constant

w 0.0 means that FOV is constant (with no breathing)
¢ The focal length become shorter instead of shifting image distance
¢ Some expensive lenses

w -1.0 means that FOV will be wider angle when focus to finite
¢ The focal length become much shorter
¢ Typical internal focukenses (less expensive lenses)

w Artists select for each lens
¢ SetW Nu@ctly X
¢ Selecft SyaQa F20dza YSOKIYyAAY
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Close Focus (All-Group Focusing: r = 1) - -_—




Far Focus ™
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Close Focus (with No Breathing: r = 0)




Far Focus ™
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Close Focus (Inner Focusing: r = -1)




Upper: Far fkocus
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All-group focusing (r = 1)
£ Silicon Studio
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With no breathlng (r=0)
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Internal focusing (r = -1)




Close Focus (All-Group Focusing: r = 1) - -_—




Close Focus (with No Breathing: r = 0)




Close Focus (Inner Focusing: r = -1)
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Variabte\Maximum Aperturectoom kens

w Change minimum-kRumber depending on focal length
¢ Limit the current Fhumber to minimum mumber

w Change thapertureshape depending on the ratmf
current Fnumber to minimum Fumber

¢ From circular aperture to polygonal aperture

Wide Narrow Fully opened aperture 4 stops closed aperture

= Slllcon Studio 44
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ApproximationcofWaralble ApertdrerZeomrksens

w Calculate current minimum-Rumber from
base minimum fumber and FOV and current FOV

f=h/ (tan(fov/ 2) * 2) f . Base focal length
T £h/ (tan(¥ 2/QXX 2) T :(Current focal length
C QF* pow(T /Q, 1-Q) C (Current minimum fumber

cAbove parameters are all at infinite focus
w fovis base field of view
w fis base focal length
w Fis base minimum-Rumber (maximum aperture)

w T 2 igdrrent field of view
w T iQcurrent focal length
w C Q current minimum fAumber

cW ljs@he degree of maximum aperture varying
w You can control maximum aperture shifting by settyfgpom about 0.5to 1
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Degreecof the\MaXximum Apertdre Manyey:

w 1.0 means that minimum-Rumber is constant
¢ Some expensive lenses

w 0.5 means that minimum-Rumber will shift by focal length
¢ If the focal length gets 4 times longer, then minimumufberbecomes? times greater

w 0.0 means that minimum-Rumber is in proportion to focal length
¢ If the focal length gets 4 times longer, then minimumufmberbecomes4 times greater

w Most lenses are from 0.7t0 1.0

w Artist selectq for each lens
¢ Set base minimum-Rumber andW Igifectly

¢ Set a combination of minimumftumbers
w From product lens specifications

P
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Approximationcof/driable Apernture Zoom Lens

w You can calculatg from a combination of apertures
¢ g=1-log(F2/ F1) /logf2/ 1)

w Examples of produdens specifications

¢ 9-18mm F4.66.6
wfl=9,f2=18F1=4.0F2=5.6
wg=1-log(5.6/4.0)/log(18/9)
wg=0.5

¢ 18135mm F3.5%.6
w (f1, f2, F1, F2 = (18, 135, 3.5, 5.6)
wg=1-log(5.6/3.5)/log(135/ 18)
w q=0.7707

¢ 24-70mm F2.8 (the lens that have constant minimwmuimber for all range FOV)
w (f1, 2, F1, F2 = (24, 70, 2.8, 2.8)
w g=1-log(2.8/2.8) / log(70 / 24)
wq=1.0
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30mm (Maximum Aperture f/2.8) \ N\ ¢
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/5mm (Maximum Aperture /4.5 q = 0.5) v




/smm (Maximum.Aperture f/2.8.q = 1.0) o




150mm (MaMperture f/




150mm (Maximum Aperture /2.8 g = 1.0)




Upper:q = 0.5(30-150mim iF2:86.3)
L@W@T q 10 @J@lSOmmn FI§288)
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Parameters:which 'Should:-be Controlled Automatically

Wl NBEAY3I 6AG0K2dz0 LIK2 02 3N LK
¢ Due to lens mechanisms

P
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Examples of the Parameters sogueenco: €
which Should be Controlled Automatically

w Focusing
¢ Focusing animation
¢ Auto focus confusion
¢ Focus breathing

w Zooming
¢ Zooming animation
¢ Aperture varying

¢ Miss focus when zooming
w Some compact digital cameras

¢ Vignettingvarying
w Camera nodal point

¢ Shift the camera position to NPP ({Rarallax Point)
w Auto-exposure adjustment
w etc.
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Handling'Law of Reciprocity” in Optics
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Which iis Better?

w FYRfAYI a[F 6 2F wSOALINRZOA
or
wEXposure is independent of shutter speed and aperture

P
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Han YR TLahw i Recigrdcity GtriclyF  w S

wFor example
¢ If open the aperture, an exposure amount must increase

¢ If reduce an exposure amount without varying aperture,
shutter speed must be faster

wOptical consistencies are perfectly kept

P
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wSet scene photometric quantities (luminance, illuminance
etc.) and ISO sensitivity properly, or exposure will miscarry

¢ In spite of decreasing the exposure, the scene keeps white
¢ In spite of increasing the exposure, the scene keeps black
wHard to control

¢ Exposure
¢ DOF
¢ Motion blur
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