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Outline: focusing
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viewfinders and manual focusing
view cameras and tilt-shift lenses

active autofocusing
o time-of-ﬂight

o triangulation

passive autofocusing
* phase detection

e contrast detection
autofocus modes

lens actuators

metering




Large format camera with focusing screen

+ 4x5” or 8x10” formats

e film or scanned digital

+ ground glass focusing screen
e dim
e hard to focus

e inverted 1mage

(Adams)




Twin-lens reflex with focusing screen

+ older medium format cameras
o 2V4 x 2% film

+ different perspective view than main lens sees

(Adams)




Manual rangefinder

4 accurate

+ painstaking

+ different perspective view

than main lens sees

+ triangulation concept

widely applicable
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Single lens reflex with viewhnder

+ 1mage formed on focusing screen,
seen (upright) through viewfinder

+ same view as mailn lens

+ mirror must be moved

(quickly) to take picture

+ manual or autofocus

Nikon F4




Special-purpose lenses:
view camera

VIEW CAMERA MOVEMENTS

Side View

Rise and fall move the front or back of
the camera in a flat plane, like opening or
closing an ordinary window. Rise moves
the front or back up; fall moves the front
or back down.

Top View

Shift (like rise and fall) also moves
the front or back of the camera in a flat
plane, but from side to side in a motion
like moving a sliding door.

Sinar view camera

Side View

il

Tilt tips the front or back of the camera
forward or backward around a horizontal
axis. Nodding your head yes is a tilt of
your face.

with digital back

Top View
7N I
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Swing twists the front or back of the
camera around a vertical axis to the |eft
or right. Shaking your head no s 3 swing
of your face.

(London)




ff-axis perspective

8 (London)

CONTROLLING CONVERGING LINES: THE KEYSTONE EFFECT

Standing at street level and shooting straight at

a building produces too much street and too little
building. Sometimes it is possible to move back far
enough to show the entire building while keeping the
camera level, but this adds even more foreground and
usually something gets in the way.

Tilting the whole camera up shows the entire
building but distorts its shape. Since the top is
farther from the camera than the bottom, it appears
smaller; the vertical lines of the building seem to be
coming closer together, or converging, near the top. This
is named the keystone effect, after the wedge-shaped
stone at the top of an arch. This convergence gives the
illusion that the building is falling backward—an effect
particularly noticeable when only one side of the building
is visible.

To straighten up the converging vertical lines,
ke.ep.the camera back parallel to the face of the
building. To keep the face of the building in focus, make
Zure th lens is parallel to the camera back. One way to
fro this is o level the camera and then use the rising
ont or falling back movements or both,
t e/\tlz)othefr soluti(.)n‘is to point the camera upward toward
. t(?ti the building, then use the tilting movements—
E iit the back Fo a vertical position (which squares
Paralleellpe of the building), then to tilt the lens so it is
i t‘?rthe camera back (which brings the face of the
e g into focu§). The lens and film will end up in the
Positions with both methods.




Tilted focal plane

(London)

ADIUSTING THE PLANE OF FOCUS TO MAKE THE ENTIRE SCENE SHARP

The book is partly out
of focus because the
lens plane and the film
plane are not parallel
to the subject plane.
Instead of & reqular
accordion bellows, the
diagrams show a bag
bellows that can bring
camera front and back
closer together for use
with a short focak-length

i lens.

T g P g G G P g g

Subject plane

Tilting the front of the
camera forward brings
the entire page into sharp
focus. The camera
diagram illustrates the
Scheimpflug principle,
explained at right.

® Scheimpflug

condition

+ cannot be done after the photograph 1s taken

© 2010 Marc Levoy
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Tilt-shift lenses

Canon TS-E

90mm lens

©2006 Keith Cooper
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Tilt-shift lenses

Canon TS-E

90mm lens

13

©2006 Keith Cooper




The “miniature model” look

Canon TS-E
24mm I1

+ simulates a macro lens with a shallow depth of field,

2 hence makes any scene look like a miniature model




The “miniature model” look

Canon TS-E
24mm I1

+ simulates a macro lens with a shallow depth of field,

= hence makes any scene look like a miniature model
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Not a tilt-shitt lens

+ gradient blur
in Photoshop

(http://www.tiltshiftphotography.ne

t/)




Not a tilt-shitt lens

(http://www.tiltshiftphotography.net/)
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+ gradient blur ) T | . BT
in Photoshop R4 i LR B
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original




Not a tilt-shitt lens

(http://www.tiltshiftphotography.net/)

+ gradient blur
in Photoshop

Q. Is this “ftake”

identical to the output
of a real tilt-shift lens?

18
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Active autofocus: time- of—ﬂlght

REFLECTED WAVES EMITTED W AVES ELECTROSTATIC
TRANSDUCER

77 E 8y iy \ \\\ L NS

\:, ““ ///j(\/(/{/ ///// (L e

(Goldberg)

+ SONAR = Sound Navigation and Ranging

+ Polaroid system used ultrasound (60KHz)
e well outside human hearing (20Hz - 20KHz)

+ limited range, stopped by glass

+ hardware salavaged and re-used 1n amateur robotics
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Passive autofocus: phase detection

(Goldberg)

(ELASH DENO)

http://graphics.stanford.edu/courses/

cs178/applets/autofocuspd.html

L] owr OF FOCUS
' MOVE LENS

+ as the lens moves, ray bundles from an object converge to a
different point in the camera and change in angle

+ this change n angle causes them to refocus through two
lenslets to different positions on a separate AF sensor

+ a certain spacing between these double images is “in focus”
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Passive autofocus: contrast detection

YIEWSCREEN

/——\ (Goldberg)
|

l Cs - FILM

\ MAIN
MIRROR :
\ [l
— = L DRTD)
Yo R FLASKUDHIT
win  +— CCDs
A B [ http://graphics.stanford.edu/courses/
/ l \. cs178/applets/autofocuscd.html
QUT OF FOCUS
MOVE LENS <=
N
J\ IN FOCUS
.o,
j\ QUT OF FOCUS
MOYE LENS =
=N

+ sensors at different image distances will see the same object as
contrasty if it's in focus, or of low contrast if it’s not

+ move the lens until the contrasty subimage falls on the middle
sensor, which is conjugate to the camera’s main sensor

+ compute contrasty-ness using local differences of pixel values
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Data (Canon)

Data communication information

control
; g g Data
Drive quantity detection — information
—'v
Lens position Ci, :I‘_
7\ information FOCJS
A actuator
J |
| | | image Main mirror
| t |stabilizer unit ;
-‘ { 1 Sub mirror
L [
\ L
\ ,/ Zoom
\_ information

AF ranging |
calculation and ‘ ’
control lens drive
command generatio
| Main
microprocessor

Focal length information
(zoom encoder) —
Electronic mount point (for data
communication and power supply)

Power supply —

+ distance between subimages allows lens
to move directly into focus, without hunting

e equivalent to depth-from-stereo in computer vision

+ many AF points, complicated algorithms for choosing among them

o generally use closest point, but also consider position in FOV




Most DSCs use contrast detection

S

(howstuffworks.com)

0OUT OF FOCUS
MOVE LENS &=
Out-offocus scene j\

| —’ {\ k ;
4+ uses main L —} i

In-focus scene

camera sensor —

In-focus pixel strip

+ requires repeated measurements as lens moves,
which are captured using the main sensor

e equivalent to depth-from-focus in computer vision

+ slow, requires hunting, sutfers from overshooting

= e it’s ok if still cameras overshoot, but video cameras shouldn’t
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Autotocus modes

4

*

*

*

Al servo (Canon) / Continuous servo (Nikon)
e continues autofocusing as long as shutter is pressed halfway

e predictive tracking so focus doesn't lag objects moving axially

focusing versus metering

e autofocus ﬁrst, then meter on those points

“trap focus”

e trigger a shot if an object comes into focus (Nikon)

depth of field focusing
e find closest and furthest object; set focus and N accordingly

overriding autofocus
e manually triggered autofocus (AF-ON in Canon)
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l.ens actuators

Figure-41 Vibrations Generated by

+ Canon ultrasonic motor (USM) s, o5t Eesicmen
B UV 50
M

_@\\\3\‘ Micro USM

N

Piezoelectric Ceramic Element

Ceramic voltage
element

P
B =
I Volts alternating current

=— Direction of transformation of voltage elements
& @ Polarity of voltage elements

(€% Vi

Micro USM II

______ Lz

ALLEL “Elastic

L metal bodyw Stator
Ceramic voltage —
element
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Outline: metering

+ What makes metering hard?

ot
° t]

he meter doesn’t know what you're looking at

he dynamic range problem

+ bac]

kground topics

e Ansel Adams’ zone system

e gamma and gamma correction

n ittt A Jetiih ¢

metering technologies
metering modes (center, evaluative,...)

shooting modes (Av, Tv, P, M)

exposure compensation, etc.
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What makes metering hard?

(London)

+ light meters don't know what
you're looking at

e so they assume the scene 1s
mid-gray (18% reflective)

White polar bear given exposure White polar bear given 2 stops
suggested by meter more exposure

Light meters calculate exposures for
middle gray. If you want a specific
area to appear darker or lighter than

+ the world 1s full of hard

metering problems...

middle gray, you can measure it and
then give less or more exposure than
the meter indicates.

Gray elephant given exposure
suggested by meter

Black gorilla given exposure Black gorilla given 2 stops less
suggested by meter exposure
S —




(http:/fotocommunity.de)
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Ansel Adams’s zone system

+ roughly 1 t/stop per zone

e X = “maximum white of the

paper base”

e [X = “slight tonality, but no
texture: flat snow 1n sunlight”

VIII = “textured snow, lightest
wood at right”

°
=0
e
%
>

ag
o

«
@)
oY)
=
@k

e ) = “maximum black that

photographic paper can pI'OdUCC”

+ lesson for the digital age

e plan the tones you want in your
image for each part of the scene

X

IX

VIII

VII

(London)
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Gamma and gamma correction

+ the goal of digital imaging is to accurately reproduce
relative scene luminances on a display screen

e absolute luminance is impossible to reproduce

e humans are sensitive to relative luminance anyway

» “system gamma” adjusts for ambient viewing conditions

WM&S DEND)

4 1n some Workﬂows, plxel Value 1s proportional to scene
luminance, in other systems to perceived brlghtness

o the first simplifies CG rendering calculations;
the second makes better use of limited bitdepth

30




(Marc Levoy)

JPEG file: pixel value « ~perceived brightness




(Marc Levoy)

RAW file, “linear” option: pixel value « scene luminance




Gamma and gamma correction

+ the goal of digital imaging is to accurately reproduce
relative scene luminances on a display screen

e absolute luminance 1s impossible to reproduce

e humans are sensitive to relative luminance anyway

* “system gamma” adjusts for ambient viewing conditions

WM&S DEND)

4 1n some Workﬂows, plxel Value 1s proportional to scene
luminance, in other systems to perceived brlghtness

o the first simplifies CG rendering calculations;
the second makes better use of limited bitdepth

+ gamma correction has been unstandardized for 20 years

e but Macs and now PCs are color managed,

= as are most browsers, so the situation is improving
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The dynamic range problem

+ even if meters were omniscient, the dynamic range of
the world 1s higher than the dynamic range of a camera

+ the real world

800,000:1 surface illuminated by sun vrs by moon,
(20 t/stops, or 1/1000 sec vrs 13 minutes)

100:1 diffuse white surface versus black surface

80,000,000:1 total dynamic range

+ human vision
100:1 photoreceptors (including bleaching)
10:1 variation in pupil size
100,000:1 neural adaptation
100,000,000:1 total dynamic range
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The dynamic range problem

+ media (approximate and debatable)

K]
2]
2004
Sielol
1000:1
2000:1

+ challenges

photographic print (higher for glossy paper)
artist’s paints

slide film

negative film

LCD display

digital SLR (~11 bits)

e choosing which 6-12 bits of the world to include in your

photograp!

e metering i
has more dynamic range than any light meter

the world

h (cell phone to professional SLR, respectively)

he world to help you make this dec181on, since

e compressing 12 bits into 4 bits for print, or 10 for LCD

- this 1s the tone mapping problem




Metering technologies

+ SLLRs use a low-res sensor
looking at the focusing screen

e Nikon: 1005-pixel RGB sensor

e Canon: silicon photocell (SPC)
with 35 B&W zones

e big pixels, so low res, but wide

dynamic range (Canon=20 bits)

i ].675mm( AT
+ pomt-and-shoots use the main BB BB

image Sensor O T T T T T T E

o Small Pixels, SO easily Saturated T T T R R T LT R T R T

LR LR T L LR R L LR LR R R R LR LR R T T
LR LR L L R LR LR R L LR L

s (Esaturafen S edUCE OxpPOSIES HHRe | se—————
and try again R —————————
Sensor pitch: 1005-pixel arrangement
Horizontal: 0.025mm Vertical: 0.075mm

+ both are through the lens (TTL) -

(http://steves-digicams.com

1.125mm(1

36 & http://mir.com.my)




37

Low resolution makes metering hard

+ What's this scene? What should the exposure be?
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Low resolution makes metering hard

+ What's this scene? What should the exposure be?

(Marc Levoy)




39

[Low resolution makes metering hard

+ How about this scene?
Should the bright pixels be allowed to saturate?

Nikon: 10056

color pixels
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[Low resolution makes metering hard

+ How about this scene?
Should the bright pixels be allowed to saturate?

Canon: 35
B&W zones
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[Low resolution makes metering hard

+ How about this scene?
Should the bright pixels be allowed to saturate?

Nikon: 10056

color pixels
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[Low resolution makes metering hard

+ How about this scene?
Should the bright pixels be allowed to saturate?

(Andrew Adams)
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Low resolution makes metering hard

+ What about the bright pixel in this scene?

ikon: 1005

color pixels
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Low resolution makes metering hard

+ What about the bright pixel in this scene?

Canon: 35
&W zones
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Low resolution makes metering hard

+ What about the bright pixel in this scene?

ikon: 1005

color pixels
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Low resolution makes metering hard

+ What about the bright pixel in this scene?

(Marc Levoy)
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Metering modes

+ center-weighted average Hn

+ spot (3.5% of area on Canon) =

+ evaluative

¢ learn from database of images

e decision may depend on brightness from each zone, color,
local contrast, spatial arrangement of zones, focus distance

e decision affected by camera mode
(Portrait, Landscape,...)

+ face detection

+ future?

P 3
Ra, SO i >
S,

e object recognition, personalization based on my shooting
history or online image collections, collaborative metering
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Shooting modes

+ Aperture priority (Av)
e photographer sets aperture (hence depth of field)

e camera sets shutter speed

+ Shutter priority (Tv)
e photographer sets shutter speed (hence motion blur)

e camera sets aperture

+ Program (P)
e camera decides both

e photographer can trade off aperture against shutter speed with a dial

+ Manual (M)
e photographer decides both (with feedback from meter or viewfinder)

+ Auto
e camera decides both

e photographer can’t make stupid mistakes
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Other modes

4+ exposure compensation
e tells camera to under/over-expose by specified # of t/stops
* use to ensure correct appearance of dark or light subjects

e don't forget to reset it to zero when you re done!

+ exposure lock (a.k.a. AE lock)

= freezes exposure

e pressing shutter button haltway only focuses

+ exposure bracketing

e takes several pictures a specified number of f/stops apart
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