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Introduction

n 1990, I began using version 1 of a new picce of software called Photoshop. Adobe, at
Irhat time, was best-known for PostScript—the page description language that was used
in most laser printers. It would be nice to write about how using that first version was a
startling experience that instantly changed my ideas about photography and image editing,
but there had alrcady been image cditing programs around, most notably Silicon Beach’s
Digital Darkroom. Adobe did not create the digital image editing market, but over the next

10 vears they absolutely defined and ultimately dominated it.

During those vears, | cnjﬂ}'::d wnrking thmugh the addition of |ﬂ}-'r:r5, ﬁdjustmcnt La_\'crs,
Camera Raw, and many morc featurcs. Through all those features, though, Photoshop re-
mained built around the document-centric Open/Save paradigm of late 1980s software. As
processing power, memory, and storage increased, Adobe kept pace as best they could, but
ultimatcl}f it was not possible to change Photoshop’s basic design. And so thev created Light-
room, which eschewed the old-fashioned architecture of Phc:mshc-p for one that is much
speedicr and more Hexible.

In the previous seven cditions of this book, I have used Phc:tc:sl‘mp as the basis for all of the
pc:stpmducricm tutorials. With this edition, that has all chang:d. In the latter chaptcrs of this
book, vou will find that [ now offer Lightroom as the basis for postproduction workflow and
v.:cliting. Phnmshc}p is far from obsolecte, rhnugh, and it’s still the pcrfcct tool of choice for
many image cditing options—it still touches the majority of the Images that | print—and SO

a lot of lerc:shc-p training remains.

The gcmcl news is that Lightmnm is an idecal workHow tool, so iF}fc:u follow the ﬂxamplcs and
prac_tiﬁcs sct forth in this book, _\'Du}l] find }'ﬂursclf with a robust, r,crmpr:hcnsivc, and very

CE{PHEI i'l: PDEEPTDC[LIC[i'DI] 'iVCII.']{HD“-".

On Learning Photography

In the 1980s, the graphic design world went through an enormous change. Aldus, Incor-
porated relcased PageMaker 1.0, and Adobe Svstems, Inc. unveiled the first PostScript laser
printer. The result was “desktop publishing.” And with desktop publishing came a lot of
reallv bad, ugly designs.

What desktop publishing technology did was to give anvone instant craft ability. Whereas
graphic design had traditionally required a lot of skill with a lot of manual tools, tools that
required vears of practice to usc well, desktop publishing gave cvervone the ability to in-
stantly draw a straight line. Suddenly, people who had never had any interest in graphic
design thought “I know how to usc these new, digital tools, therefore 'm a graphic designer.”
Mostly, what they did was reveal that graphic design requires m uch more than simpl}' know-
ing the craft.

The advent of digit;ﬂ cameras and Phnmshnp had the same effect on phnmgraph}: Wich
their automaric features and instant feedback, digital camecras didn't require the extensive

rhEDﬂ:IiCﬁl undcratanding T]'I'J.l' you ]'lﬂd o I'l:l.\"t O usc a Elm Camcra. J"'l‘I..I'I.Cl ’“-ltl'!l l}hﬂtﬂﬂhﬂp,
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the cmmpl:x chemistrics and trick}' practices of the darkroom were reduced to push-buttd:rn
simplicit}: SLlcldcn]}*, cvervone was |:lu}-‘ing a camera and a computer and prnclaiming them-
sclves “photographers.”

I've been writing about and teaching photography since the beginning of the digital era, and
for many vears, | found that students were focused on learning Photoshop or some other im-
age cditing program. But over the last few vears, I've been noticing a change. Just as graphic
designers cventually reclaimed their profession from the “desktop publishing revolution,” now
more people scem to understand that learning to use an image editor is not the same thing as

learning photography.

As the novelty of the case of digital technology has worn off, people arc getring back to the
essential questions of making a good photo: How do | recognize interesting subject matter?
How do | translate that into an interesting image? What do I nced to do to capturc that

translation?

ECE'JLISC c:f:rhat, T.'}'lllﬁ ]J-DEIEC. iE far more T.'hﬂl‘l a bDDl( }lbﬂut fhfﬂl"l' EII'ICI bLl[[DI'l‘PLlShil'lg. Iﬂ thCSC
] ' ' ii bR i I. = ¥
F-Elgﬂﬂ, }'-Du 11 EI’I-CI da I'DII GFil’lStI‘LlCth!n aon III']E SDFIICI' morc artistic CEDCCP[S thﬂt }'-CII._'I ﬂCCE]. o

undcrstand o I:'H: a EDEC] PthUg[‘;thCl‘.

One of the best wavs to impmvc as a Phatﬂgraphcr Is to cast a learned cve on other P]‘lﬂtﬂ-s.
There are more PCDFIC si‘mc:t'tng now than cver, and as morc pcnpic rccngnizc that it takes
snmcthiﬂg besides gcm-:l button pushiﬂg to get a gﬂm:] imagc, the number of nice p]‘mtos in

l:hc W-Dl'll:] Dﬂl}' incrcascs.

Its a gcmu:l time to bea phﬂmgmphcr, and the changcs in this latest edition will ]'n:lp vou go as
dccp as vou want to go into the art and craft of the phﬂmgmphic discip]inc.

How This Book Is Organized

This book is aimed at phﬂtﬂgraphcrs of all levels. Phntﬂgmp]‘jic rcchnnlng}', whether digital
or film, sees the world very s:]i{:[::rcﬂtl}’ from vour eves, and it’s important to understand how
vour cameras results will differ from vour visual cxperience at the scene. Theretore, Chupt:r
1 "E}'cs, Brains, Lights, and [magcs," leads vou t]‘jrﬂ-ugh an l:xpl-crratinn of vour visual sensc
and how it differs from vour camera. Man}' of the concepts in this cl'l:lpt:r will become critical

“l"l"lfﬂ }"DU. ICII.['I':I. morc '.'-I.bDLl[ CKPDSU.FD,

Chapters 2 and 3, “Getting to Know Your Camera” and “Camera Anatomy,” serve to famil-
iarize vou with vour camera. Like any tool, vou'll get better results from vour camera if vou
know how to usc it well, and these chapters should get vou up to speed with all those buttons

and dials.

To assess the results of the exercises in Chapters 2 and 3, vou'll need to move vour images into
vour computer. Chapter 4, “Image Transfer,” will walk vou through the process of importing
images from vour camera.

The great hilm photographers of the past didn't just understand composition and exposure
theory, they also had derailed understanding of the chemistry of their Alm and darkroom
tfc}]ﬂﬂlﬂ'giﬂ:ﬁ. lt Was [hlls undcrﬁtandiﬂg thﬂt Prﬂ\-’idcd thfn'l With SLlCh Fln.f Eﬂntrﬂl OvCer thCif
final result. Digital photographers similarl}r benecht from an understanding of digital image
Eﬂ.PturE] 50 Chﬂptcr 55 “[n'li-.igﬂ SC“EGFEH Wﬂ.”.f.ﬁ :I.’Du thrﬂugh thf I:li].s-ics l].l:. I._I.Cl"ﬂur thl: guts GFFGUI

digiral camera work.



Chapters 6, 7, and 8—"Exposure Basics,” “Program Mode,” and “Advanced Exposure”—
pmvin:lc a thnrouah, detailed series of lessons in cxposure th:nr}*. Starting with the most basic
concerns and controls, vou'll progress steadilv up to the most advanced exposure features of
vour camera and lcarn how thesc tools can be used to broaden vour expressive palette.

Chapter 9, “Finding and Composing a Photo,” gives you a break from the technical concerns
::fshnmting, and offers a lengthy discussion of how vou go about Flncling a potential subject,
and how to craft that subject into a final image. Photography is a discipline that rewards con-
stant practice and experimentation, and this chapter will provide vou with an understanding
of the nontechnical subjects that you will explore for the rest of vour photographic life.

Just about any digital camera you buy these days will have a built-in fash unit, and learning
to usc it can be tricky. Chapter 10, “Lighting,” will walk vou through the process of modify-
ing light using flashces and reflectors.

All SLRs and many pninl:aandash-:-nt cameras offer the ability to shoot in raw format, which
pmvidcs several advanragcs over the [PEG ahﬂﬂting that yvour camera defaults to. Chaptﬂr 11,

“Raw Shunting,“ discusses the F:lrricular ac]v;mmgcs of raw shn-crting and addresses spcciﬁc

CONCCrns fhﬂ[ :I."CIL],]]. FEEC whcn Shﬂﬂriﬂg iﬂ raww ITIIEICIE.

Chaptcr 12, “Spccial Shnuting,” takes the detailed undcrstanding DFEI‘[DGII[HE that vou glcan
from the firse 11 chaptcrs, and applics It to spcciﬁc situations. In this chaptcr, }-'c:u’“ learn to

shoot '-_:[:mrting cvents, theatrical events, how to shoot in low ]ight, and much more.

With Chﬂptcrs 13 and 14, “Workfow™ and “Editing WorkfHows and First Srcps,” vour post-

pmductiﬂn cducation will bcgin, starting with a discussion of what workHow is and wh}'

It matters.

As }fnujll learn in the workflow chaptcrs, onc of vour frst imagc cditing tasks is to correct

tone, so Cl‘laptcr 15, "Cnrrccting Tone,” will walk vou thr-:-ugh basic tonal a::]justmcnts. This

is followed b}' Cl‘laptcr 16, “Currcctlng Color.”

Chaptcr 17, “Selective E-:Iiting and Masks,” prescnts somec of the most Important tools that
}'Du'll add to vour c-:]iting arscnal. With masks, vou can make localized edits and adjustmcnts,

and gnﬂd m;wl-:ing skills can be crucial to gctting the results vou want.

Adiustn‘ltn[ L:l}-‘tl’s gi'ﬂ": PI‘ID[DS]‘]GP Uscrs a V'C[:i-" Simplc WE}" o WU[l'ﬁ W|th 1'11:151{5, Chﬂp[cl—
18, “Phntnsl‘mp ﬂdjustm:nt Lu}':rs,ﬂ will show vou the ins and outs of ﬂdjustmcnt Lu}-‘:rs,
as well as introduce vou to other techniques for applyving edits and adjustments to specific
parts of an image. Thesc tools augment Lightroom’s built-in masking and provide valuable
localized editing controls.

Black-and-white processing is given a derailed discussion in Chapter 19, “Black-and-White
Conversion,” while lavers and other special cffects and retouching tools arc covered in Chap-

ter 20, “Lavers, Retouching, and Special Effects.”

Panoramic stitching and HDR (high dvnamic range) merging arc covered in Chapter 21,
“Panoramic Stitching and HDR Merging.” These lessons build on the panoramic and HDR
shooting discussions that arc introduced in Chapter 12.

Fina”}', the last stagc ﬂF:mur workHow is covered in Chap ter 22, “Dutp ut, where }-'ﬂu'” learn

how to turn vour finished images into fles tor email, Web pages, or archival prints.

However, this book offers vou much more than what's printcd on these pages. Thmughﬂur
the book, :mu‘il And Web links to movies and additional PDF documents that vou can
download. These resources will pmvic]c vou with further discussions, cxamplcs, and tutorials

on a wide varict}' of tc-pics.

Introduction

Xix
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Introduction

What You Need

D]::-viﬂusf}-‘, to take pi:mrv:s vou need a camera, and this book assumecs that vou ulr::l.cl}“ have
onc. lhe postproduction chapters of this book are built around Adobe Photoshop and Light-

room, and vou can download demos of each from www adobe. comidownloads. However, most

image cditing programs usc similar interfaces, so vou should find that the cditing lessons
hercin translate very casily to many other image editing programs.

‘The Photoshop tutorials are built around the latest version of Photoshop (as of this writing),
which is Photoshop CC. Most of the tutorials will work on carlier versions, and Photoshop
Elements can casily be used for the book’s tutorial sections. Because of the changes introduced
in Photoshop C86, some tutorials won't work well with previous versions. For those, vou can
download compatible tutorials from the companion website.

Finally, vou need to have some curiosity about phnmgraph}' and the world in gcncral. As with
anyv art form, photography is a process c:f-:xplnratinn. Therc’s no recipe for a good photo, and
while | recommend some sp:ciﬁc wWavs of doing things, it's verv rarc that my recommenda-
tions arc the best for evervbody. Don't ever stop exploring on vour own and trving to find the
methods that work best for vou.

There are many more tutorials, reviews, cssavs, and articles at the book’s cnmpaninn website

wwmrﬂmpffrfzﬁgim{pfmmg?aﬁf?y comt. You can also email me t]'m:-ugh the site ]::r:l.' clicking on
the Contact Us link.

Glossary

P]‘mtogmph}' has a]w*a}-'s involved a lot of jargon and technical terms, and to l'u:lp vou with
thosc ['ve built a ngEEﬂI’:‘F on the companiﬂn website. You can find it at wwmmmpfftﬁﬁgfﬁzﬂ

pfm fo grap!'} ). mmfgfmmry

Companion Website Downloads

You may download the companion website files from www,mmpt’ﬂm’igim{pfmmgmpﬁycamf

CDP8.






EYES, BRAINS, LIGHTS,
AND IMAGES

Understanding How You See




onsider, for a moment, a picce of Alm.

To make a picce of hilm, a thin strip of translucent celluloid is covered with a gelatin emulsion
that includes crystals of silver halide. Silver halide is light sensitive, and when light strikes
silver halide crvstals, the ervstals undergo a chemical change. As more light strikes a particular
arca of the silver halide—covered film, that arca goes through more changes. When the film
is d:vcfﬂpcd, thosc chemically changed silver halide crvstals turn into grains of silver. Where
more silver halide is cxpﬂscd to ]igh[, more metallic silver grains appear. The silver cr}'stals,
though, arc dark, so arcas that arc exposed to more light get darker and darker—in other
words, lighter arcas of the original scence are represented as darker concentrations of silver.

Thus, a ncgative image is crcated, as shown in Figurc )

Figure 1.1 After a picce of film is developed, it contains a negative i mage.

[f vou project that ncgative image onto a photographic paper that is coated with silver halide
crystals, the same chemical process occurs, A latent image is captured by the silver halide
crystals on the paper, and when developed, the photon-activated crvstals are turned into
black mctallic silver. But because the image is a negative, this time the original lighter arcas
collect fewer silver halide crystals. The practical upshot is that a positive image is produced.

One of the t|1ings thart is amazing about this rcchnnlﬂg}' is that a singh: picce of film is both
an imaging medium and a storage device. What's more, the ncgativcs and Prints that are
pmduc:d can be very durable.

The image sensor that vou'll find inside a digital camera also exploits the light sensitivity of
certain clements. Instead of silver, though, a digital image sensor uses a special tvpe of clec-
tronic circuit. For cach pixel on the sensor’s surface, there is a capacitor attached to a photo-
diode. A capacitor is :—:imph' a device that can store an clectric chﬂrgc, while a phntﬂdiodc Is

a device that conducts or allows current to ow when it is C}EFGSCC' to light. Before capruring
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Figure 1.2

The eye is a lot like a camera. It
focuses light with a lens, controls
exposure with an ins, and has an

imaging medium, the retina.

an imagc, the capacitor ls g'lw:n an clectrical c]‘mrgc, When the ph:::mclinclc is struck |:i_v light}
the photodiode drains some of the charge from its attached capacitor. Just as silver halide
crystals clump together in proportion to the amount uflight that strikes them, a photodiode
will reduce the charge on the capacitor in direct proportion to the number of photons that
it was exposed to.

Your camera’s image sensor is covered with these circuits—onc for cach pixel in your final
image. By measuring the voltages across the surface of the image sensor, vour camera can find
out how much light struck cach location. Your camera then passes this information to an on-
board computer, which analyzes and interprets it to vicld a full-color digital image, which is
then stored on a memory card. All of this (and morc) happens so quickly that your camera
can capture multiple images in a single second.

Digital image sensors arc incredibly sensitive to light. To understand how sensitive they are,
just look at images from the Hubble telescope. The digital image sensors in this giant, orbit-
ing tclcscnpc can vield images by capturing thmns that have traveled thmugh spacc for

billions nf'}'-:ars.

Both film and digital imagc SCMSOrs arc am:ﬂing tcchnniﬂgicﬂ, and [hc_v have impmvcd dra-
matica]l}' over the vears, thanks to the work of untold numbers of brilliant cnginc-:rs. Both

tcchﬂﬂlﬂgics allow for the capturc and creation of striking, ﬁncl}' detailed, color-rich Imagcs.
And both palc in comparison to the imaging propertics of the human cve.

The fact is, as amﬂzing 4s our current imaging tcchnnlngics are, there are many things that
the human eve does much better, and a few things that the eve can do that :malcug and digital
imﬁging tcchnc:]c:g}' can't do at all.

How Your Eyes See

Like a plece of ilm, or a digita] Image scnsor, vour cve has a ]ight-scnsitivc arca called the

retina (scc Figurc 1.2).

Retina
Fovea
Lens — _
: Optic nerve
Iris

Image courtesy of (chStockeom/dpgunne:

Located at the back of the cve, the retina contains four different kinds c:fl'tghbs::nsitivc cells:
rods and three different tvpes of cones. Cones are the color-sensitive cells, and most of them
arc found in a tiny region called rhcﬁvwﬁ. Less than one millimeter in diameter, the fovea is
responsible not ﬂnl}r for color, but also for sharpness and almost all cnf_'.'c-ur spatial sensitivity.
Cones can only detect light that strikes them straight on, which mecans that only well-focused

light will activate them.



Chapter 1 + Eyes, Brains, Lights, and Images

The fovea is verv small vet contains all of the cells that generate vour focused vision. Conse-
- - E -

qucntl}-‘, nnl}' a tiny bit GF_}'DUI' ficld of view is in focus at any giv:n time. This may comec as a

bit of a surprise, but of vour whole ficld of view, onlv an arca about the size of vour thumbnail
P - £ Cd

is actually in focus.

To test this, trv an experiment. With this book held at arm’s length, place vour thumb on
the page in the middle of a paragraph. Without moving vour eves, pay attention to the text
around vour thumb. While the arca right next to vour thumb might be in focus (it might
not, depending on the size of vour thumb), vou probably can't read the text that’s just a littde
farther away. Without moving vour cyes, take vour thumb off the page and note that the text
where vour thumb was is now in focus.

That thumb-sized focused arca is the extent of your foveal vision. However, vou perccive a
full ficld of view of focused color vision because vou subconsciously move vour eves around
to sample vour entirc ficld of view. Your brain then assembles all of these samples into what
vou perceive as a fully focused, full-color visual sense.

Because thc}f on l}' I'CSP[!HCI to ]ight cnming from a singic anglc, conecs (the light sensitive cells
in the anca] arc not very light—scnsirivc, and as 1ig]1t levels decrease, colors become muted,

E-lﬂd [I'lC ['E!IIElS Iiﬂ }’ULll' C}'CS [Rkﬂ OVCI.

R.DEIS COvVEr th'l: rest GFI’]’]E ['Ctiﬂi’i

about 98 to 99 percent of it—and 1:1'1:].' scc onlv in mono-
chrome. However, th::}' can be triggcrcd ]::_r 1ight coming from Just about anv dircction,
which makes them im:r-:c]ibl}' scnsitive to light. A rod that has been given time to adapt to the
dark can detect a singlc ph-u:-mn Dﬂight—this means that, in gﬂ-c:d conditions, vou could sec
the light of a candle from 17 miles awayv. But because rods are not located in the fovea, thc}'

don’t }fiv.:l-:l as focused an inmgc as what vou scc when vour fovecal vision is active.

Your rods are what we consider pwﬁpﬁfmf visiorz, and while vour pcriphcral vision Is not super
sharp, it Is great for sceing dim Dbjccts in low 1ighr. IE3 }'DuTw: cver spent any time mﬂking
astronomical observations thmugh a t:l:scnp:, then vou mlght alrcacl_v know that, often, the
c:nl].' way to scc a very dim ﬂ]::-jcr,l: Is to avert vour cves from it. When vou point vour pcriph-
cral, rod-based vision at a very dim subj:ct, vou often sec the nhjcct better—not n:ccssarilj'
sharpcr, but brightcr. In fact, vou may not be able to see the ::||:hjv.:ct at all unless vou look

awayv from it.

Your rod vision can also come in hand}* when Wull('lng in the dark. Next time ;'I-"DLI:I'E out In
the country, away from bright lights, take a walk outside. If possible, get off the pavement
and put vour feet on some less even terrain. If vou keep vour eves focused directly ahead of
vou and don’t move them while you walk, you'll probably find that vour peripheral vision
reveals a tremendous amount of detail on the path in front of you. Some of the things vou
scc might disappear if vou look dircctly at them, because vour rod vision does a much better
job in the dark than yvour foveal vision. If vou practice this technique, you'll probably find
that it's casicr to walk in the dark using vour peripheral vision than it is to use a flashlight,
which completely wipes out vour low-light vision and confines what yvou see to only the arca

lit up by the light.

Understanding the light sensitiviey of vour own eves, and how to cxploit that sensitivity, can
be hand}' in ]mv=1ight shﬂﬂting situations when it can be difficult to idcntif}' subj-;':ct matter

and cnmpnsitiun.

E}F COUrSsSc, tl'lCSC EIE}'S W EPCHCI most -DF-D Lr [ilTI'I: iﬂ WC”-—HI ArCas, mﬂving thrnugh a FLl“‘Eﬂ]I]I’

Wﬂl'll:l.
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Figure 1.3

Red, green, and blue—the three
additive primary colors u::“ight—
can be mixed together to create
other colors. As you combine
them, the resulting color gets
lighter, eventually becoming
white. Mote also that where the
colors overlap, they create the
sccondary primary colos—cyan,
magenta, and yellow. These are
the primary colors of ink.

Transmitting Color to the Brain

Earlier, | mentioned that there are three tvpes of cones. Each tvpe Is sensitive to a different
w:wclcngrh of color. One tvpe Is sensitive to red, another to green, and the third to blue.
These colors are the additive primaries of |ig]‘1t. As th:}‘ are mixed mgcth:r, th:}“ create other
colors (see Fingr: 1.3).

If vou mix equal amounts of red, green, and blue, the result is white. Varving amounts of

cach of these primarics allow you to create all of the other colors that the human eye can
percelve.

The Different Primary Sets . ;

In grade school, you might have learned some different primary colors, such as yellow. Yellow, cyan,
and magenta are the primary colors of pigment, which are different from the light primaries. Unlike
the primary colors of light, if you mix equal amounts of the primary colors of pigment, you get black.

Because of this, we say that pigment colors are subtractive, while the colors of light are additive.

The total number of colors that the cve can perecive is not known for certain. Current re-
scarch suggests a number from 2.3 million to 10 million different colors.

Like a digital camera, rods and cones generate clectrical impulses when exposed to light.
These signals arc scparated into two channels, one for brightness, and onc for color, and both
arc transmitted to the brain via the optic nerve. The brightness channel contains far more
information than the color channel, which might be one reason that black-and-white inugcs
arc so compelling—thev're composed exclusively of the tvpe of information that the human

visual svstem is the most sensitive to.

O nce these signals get to the visual cortex in the brain, thc}' get pmc::ss::cl in many different

Wavs. You can sce one result of this pmccssing ]:sj.f |::H::king at snmc[hing whirte.

IF}'EILI‘\"C l"CPII{CCE]. ﬂl'l:‘;' l:]l" 1.'1'11: iI'IC}.'{l'llEl.CSCCﬂt llght ]EH.I":#S in }"DLll' I'l-Cl'LlSl: "n"l.-'i[l'i CC!I'I'IFI'}HC[ HLICI['IES‘

conts, vyou l'!l'ligl'lt h';’-l"r"l: I'l-DT.'iCCC]. hDW [I'h.'. CGITIFIELCI HLICII'CSCL'.I'ItE h:wc a {:I.iH"CI'EI'lt CGID[’. r[h’::l-" arc
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Whﬂ.t WE CE[" d "Cﬂﬂ]':r" Ilght] I:H:C:ll.lﬁc t]‘]:}r cast a ].lg]'.lt thﬂ.fﬂ blu:r thﬂn th: WArlner n:d I.i.ght
created by a tungsten bulb. Different types of light have different inherent colors, but vour
brain is able to compensate for this by automatically adapting so that color looks correct in
any type of light, no matter what its color is.

For example, vou might read this book under tungsten lighting and sec the pages as white.
However, if vou carry it into yvour Auorescently lit kitchen, it will still look white, cven
though fluorescent light is much bluer than tungsten light. It will continuc to appear white if
vou take it out into bright sun, into shade, or look at it under sodium vapor lights at night.

The brain is able to correct color in this way because it understands that a picce of paper is
supposed to be white. In other words, you don’t sce these pages as white because of a purely
optical process. While vour eves arc incredibly sensitive to light and collect a good amount of
visual data, a full 80 percent of what vou perccive with your cves is generated by vour brain!

Based on vour experience, memory, and expectations, vour brain imposes a model of the
world onto the visual signali thart it rececives from VOUr CVCs. At the simplcst level, this model

EHGWS }"DU[' bl";lil‘l o corrcct cn]ur, I}Ll[ it can 'ﬂ.lEG dramaticaﬂy Chﬂﬂgﬂ :I.’f_'il.ll' PCI’CCPfiﬂH -CIF

:]I:'n-j ects in the world.

You can immcdiatcl}' feel how much the brain is involved in vour visual sensec simpl}' b}f look-
ing at an ﬂptic:ﬂ illusion. Dptical illusions occur when vour brain’s model, or cxpectation,
doesn't quite match the data coming from VOur cves. The brain gets Co nfused, and vour sensc

of what }'nu’rv: sccing becomes more ambiguﬂus.
One of the simplcst c}:amplcs is shown in Figurc 1.4.

Your brain recognizes somec lines that seem
to indicate a particu]ar tl‘ling, a cube, and so
it tells vou “Oh }'cal'l, I know what that is,
that’s a cube.” Except that it’s not a cube, its
ml:rcl}' some lines on the page, cven tl‘mugh
those lines are -:I:scr'[bing a shapc very simi-
lar to a cube. So, at some point in the process
of trving to reconcile “cube” with the set of
lines thart }fuu’r: sccing, the brain gets trippccl

up, and vour perception of the object becomes

less certain. The cube appears to change ori-
entation as the brain tries to sort out what
i's sceing. Ultimately, of course, vour brain is
simply wrong—the image is merely flat lines

on papcr.

Figure 1.5 shows another example, an optical illusion created by MIT rescarcher Edward H.

Adeclson.

Figure 1.4

Your brain knows enough about
the overall shape of these two-
dimensional lines to assume
that they represent a three-
dimensional object—a cube.
Of course, your brain is wrong,

This isn't actually a 3D objeet,

so there’s not really enough
information for your brain to
correctly render a fully realized
cube. As it struggles to reconcile
what it’s sccing with what it
thinks the object is, the cube
appears to flip back and forth,
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linage coutesy of Bdwand H. Adetson

Figure 1.5 While the chedkered squarcs appear to be altcrn:ating colors, squarcs A and B are :actu:;ll}r the same color In fact, your brain “corrects” the B

squarc Lo m:ﬂ{c it El’ an EIPI!E[EIi.ﬂﬂ tl'lﬂ[ isnt true. 'Th: l'!gl'l[ Egllﬂ: ShDWS l'I'IEI.[ tl'll: W SQuarcs arc 3.5[1.1.:]"_1_.-’ thf SAMc Eﬂ]ﬂ[

Light and Dark

Camera makers have vet to devise any kind of tcchnﬂlﬂgj.' that can pcr[:-:-rm the tvpe of so-
phiﬁticatcd color adaptation that vour cves Pull off. When vou throw in the fact that the cve
also provides cxtrcmcl}’ fast, silent autofocus with a rangec from a few centimeters all the wayv
to 'Enﬁnil:r, it becomes obvious that current camera tc»‘.:]‘mn:rlcrgj.' lags far behind the capabilit}’

{IF tl'li.'.. hLllTlHl'l 'C;i"l.'...

The gnﬂd ncws is that nonc of these facts mean that vou can't take beautiful, cnmpc“ing im-
ages. However, it is important to understand that vour eves sec a world that vour camera cant
n:ccssaril}' capture. Undcrsranding the differences between what VOur cves can sce and what

vOour camera can capturc is an cssential step for taking better pictun:s.

The most signiﬂcant difference between the cve and anv camera ls the range otb rightnc55 that
vour cve can percelve. Just as vour camera can alter the amount of 1ig]1t that strikes its image
SCNsSor b}-‘ changing the size of its aperture, your cve can alter the amount ufﬁlight that strikes
its retina by closing the iris. Your eve controls brightness, or exposure, bv opening and closing
its iris, or pupil, to limit the amount of light that strikes the retina. [t docs this automatically
as vou look at brighter and darker things, and as the light in a scene changes.

Dynamic range is the measure of the darkest to lightest tones that can be captured by a device.
Your eve can manage in very dark, moonless nights guided only by starlight, as well as in
harsh, glaring sunlight. If vou express this difference as a ratio, then the total dvnamic range
of the human cve is about a billion to one—the brightest thing vou can perceive is about a
billion times brighter than the darkest thing.

Photographers usc a diffcrent way to measure light. Every time the amount of light in a scenc
doubles, photographers say that the scenc has brightened by onc szop, ﬂI‘f-HﬂP. Conversely,
if vou cut the amount of light in a scenc in half, then the scenc has darkened by one stop.
EH.E‘!‘J’ rz’a:réiﬂtzg ar ﬁ.ﬂfﬂiﬂg r:.'-f f{gﬁr is measured as one stop. Using this measure, the human cve
can perceive a total dvnamic range of about 30 stops. However, vou can't perceive this entire
range at once. As vou know, vour cyes have to adjust to darkness and to emerging from dark-
ncss into bright light. So, while VOUr cves have the abilit}’ to perccive 30 stops of light, at

anv given time, thc}' can Bnl:l.’ discern a d}rnamic range of about 15 stops. Thart is, the darkest
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thing and i::-rightrst thing in the scene can be about 15 stops apart. B}' comparison, a cligit-a]
camera has a tortal clj-'lmmic range of 10 to 12 F—stcrps, and in any particu[m' scenec, vou can

cXpect to capturc a range of about 5 to 9 stops.

BECHUEC 'I:I'IL' cVC Can scc so I'I'Il.i'l:h morc E.‘l:'-'l'l.i'l.]'l.'li.'-'.: range [I'IJ.I!'I. VOUD CAllnerd «ally, vou “"i”. often

I'I.L'H.”: o I'I'Iﬂkf L{C'Ei.!'ii["]'lﬁ ..ll."'UlI[ “"]’1-.1[ PL’H’E E‘.Ii II'H.' Fi'i['l.g': }'{}Ll want to CL'-I.}':IELWE il'! A BLCTIC,

For example, consider Figure 1.6. In real life, the bottom of the canvon and the blue of the
skv were visible to the eve. However, because the camera has a smaller dynamic range than
the eve, it could capture only some of the range of light. It was not possible to shoot a single
exposure that would properly expose both the depths of the canyon and the bright sky above.

Alf]ﬂt}ngl'l WC CAn 5CC LlC[.‘lil In EhE Sk} In I.'I‘IE Flt'hi'[ Il['L'lL'lgC-. We ECC No L{Efliii In tl’!E canvon. IH I.'I'IE

SCL’L!HCI- JlﬂT.lgEq. Wc I‘I;'I"i-'l: [I’!C CXAacCl t:IE'.l[_'.lLl'I:-'.i[E i,‘!l!‘l’.l'lt‘llf_‘[‘l‘t.

Learning to recognize when vour camera will see things difterently than vour eve is an essen-
tial skill that will come with practice. In this book, vou'll learn how to compensate tor vour
cameras dvnamic range dehciencies so that vou can get images that are closer to how you
actually scc a scene. But to use these skills effectively, vou first have to be able to recognize

when dvnamic range is a problem.

Uﬁcring continuous autofocus from a tew centimeters to inhnir}', real-time color -.11.|.1p[;1tm:|'1
for different tvpes t}l‘ligh[s. a tremendous d}'n;unic range, silent operation, and casy purmhil—

i.t:llg _\'{mr C.‘L'E'E t!‘ll]'l'lp !‘I'H.‘.Ilf.‘ll.'_‘l't‘l Camcra '[CC}H'HJIUE}' IEI!'I | ]'lL]I'I'!i:)C']' IJ{' "-"-.-’:.'l:'.'S. BLH:-. IJ"l IJ]1L'1EFS[.11'1diI1E

‘\-\-’l'!'.'l.[ 1'-.-";“\-'{' diiCUSSE{I I'ICI'E-;}'-DLI‘“ bl.'.‘ bf[[c'l' '.'lblt.' o WDI'I'{ ;'I.I".“_‘ll.lt'l-l.:l E]'ll.'.“ ]it"[‘lit:.‘lﬂﬂl'!ﬁ C:IF:'-'CILH:' Carmncra.

However, there arc a few wavs that vour camera outperforms the human cve. First, vou can
change the lens on it. Sure, modern surgical techniques allow lens replacement in the eve, but
it's not the sort of thing vou want to do every dav, and you can't swap vour cve's lens out tor

onc with more 111;1gni{:1c;1tim1 or a wider ficld of view.

Figure 1.6 Because of the huge
range of light to dark in this can-
yon, It was not PE]E‘iiL‘IlC to take
a 5ing|:: cXposure that s:;1ptur-=:d
both the bottom of the canvon
and the 5|c_1.' above





