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CCDs and the nature of light itsef place fundamental limits on
our bty to measure the signal we collet, but understanding
thesa limits and how to control them makes for better images.

BY MICHAEL V. NEWBERRY

HE FIRST REACTION
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SIGNAL AND NOISE
The signal” in & CCD image re
1o th mumier of photons recorded by a
picl That seer simple enough. but
olded o s muher s anavo

Bt - and an incscapable property
1 CCD camerss — that the comning of
photons includesan element of andom.
s Exen i a pve were lmmated by
2 consant i sourc, he <xack num-
er of photons recorded in @ iven
erval would vary snpredicaty Since
s andom part o th sgnalcannot b
eprodiced n any way i Can never be
Femoved from the Sgnal. By defiiion.
npreditabt ariation s e
Not sl f th sgnal ound s 4 CCD
mage i of inters, even thovgh i may
ot e random. Sometimes » low level

Bt sl e hegrat o

merimes skyghow: Pat though not all
of his unwanied signal can he repro-
duced in anothe image and thus. sl
by defnition. s not noie. It an be re

e understund the sourcesof noke
3 CCD mage and consider how they
cin be controlled. then e cin obtin
betcr-qualy mages ha ot oy Iook
eter. but provde more preci mess
arements for scienie purposes.

THE STATISTICAL NATURE
©OF NOISE
To help undentand how noe affects
3 CCD image, we should review some
basie. A CCD detetor s an array of
Tghtscaive siion cel, Each.ccll
produces  sgndl tht s comvrted into
represeating & pisel i the
age. Since cach pixel records
¢ inteniy of light from's small srea
of aky that s shaped exacly ke the
Sl the matix of numbers we get from

brighiness between one piel and the
nest I for exumple.
S one el reconded 100 photons
Wil wnother recorded 90 phasons and
boty v wre ancertain by £10 pho-
. we mght e dficuy ciceming
e actal Brighiness difference of the
Tight ha el n the two pncs

I s the satstical aturs of photon
counting that mikes the exact vale of

1 uncertsin. 1 we make muli-

Lol condiions we will,n genea,
find that the brightnes ali of 3 v
pil varis lighly from some common
Vi, Large devitons oceur s oftcn
han el ones. nd very. very Lrge d.

Vitons almost ever aceur, Mathemat
. we cancharscterze these repeated
brihtness messurcments iy 4 mean. or
veruge v, an)  sodard dviaion
that deseribes the typical scatter amons
the messurements. The gloomy truth s
it we il never know for_sure
whether one observation has velded
Value that s igh,low, o reht o tr
et Cleal, i e knew the answer ve
Wouldn' wase time determining by
obervation!

“There i however, a way of charcter-
ing unccranty. By repeating 3 mess
arcment many times we ca
i vaues that comp.
irue ane. The fraction of time we set
Vakes that depart by & given amount

{rom th corret ne can be ploted 1 o
Gausiandssibution. named for the
German mathemitcan-arononer. Carl
Fridrich Gawss (1777-1855) who i
derived it mathematical.

i

hen the width, or sindard. dviaion
@] ofthe curve meanures the noe. In
\esigsting the shipe of he cunc math-
cmatialy, we fnd that 6 persent of 3l
our meastrements are expected 1o give
valu withi one stamdard deviation of
hemean and. that 90 pescen of all
messurcments fall within 2 andard de-
Vtions. 1w ars messuring the brigh.
nes of o pixel. we can concude (s
here' s a8 purceat by the
ik we measir s within | Sandard
evistion of the cores v, whatever
migh be the coreet value. Noie dhat
nothing has yet heen sad about whit

e cxtand n s,

determines th sz of the standird -
st we'l et 1o that i 4 moment The
Vales comresponding 10 this 6 percen:
confidence Ievl are usualy those being
Gueted when s meurement i aicd 3
Deing some valus pos o minus somc
hine

Lers o back 10 aur example of two
i s v o v o
100 and 9 counts. respetivel. bot
el oty dlord
e of what we measure n this one ob-
servation, the true brightnes vlues or
hese pivels might e 108 nd 94, per
haps 115 and 8. 18 s even povs
housh less protable that. the pixl
ecuting 100 couns might ctualy rp-
e 3 finte source than the other
Nevertheeon. sl we know s 1t e
ave measured vaes of 100 and 0

‘Sippose hese twopines are partof
ok bk of 100 pixls epresening
¥ Fgion of ruly consiant brighiness
our mage. I thiv cae. eact pisel
makes an independent. random somple
of the itensi. s s ke haing 100
Separte measarements of the e in
e I we were o plo the number o
imes cach specific v was recorded.
we wonld gt o curve hat looks e the
G disribution with the e
sl heing ncar 100 The S would he
101000 o divided by oue ueriain
. or standard deistion of 10 count)
The 10 percen lght and dark excur.
sionsof he piel that deviae from the
weisge Brghiness woud make 3 poor
imuge. Using the. aumbers. quoted
Shove. we find thit 6 percent of the
pixel valies are between ) and 110
Fous, and 90 peent st between )
30 130 counis The remaining 10 pr-
Sent of the pines are expected to hive
hen mure devian valugs. If we view
i e o 4 computr oo wih
100 counts being asigncd middi gray:
the image would ook gty In orher
Wordk, 3 SN af 10 not patclary
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Make a Difference.

INTRODUCING SKYPRO IMAGE
PROCESSING SOFTWARE WITH
CCD CAMERA SUPPORT.
' CCD astronomy diffrences cante
starting; Souniockthe heavers with
P lmage Procesing sftwareor

* .

‘Skyfroopensaremvkable store

of earthbound wonders: multipe- mage
displays,drag-and-clickoperation and st
of sophisicted image proessing festures.
‘When usd incomcet with TheSky™
Astonormy Sotware,SkyPro arsports
youbeyond amater st sciencs, creting
ascomlessintegration bewoen g,
aptuing and procesing any celestal .

“Totake things one giantstepfurther, SkyPro and Thiky ke
Revute Asronomyaealy. T fac, thei et technobogy
fntunes e the cnterpicce ofthe Mt Wilson Prokct,
‘Calfomars pathbreskingschociroom-ab experiment.

Aeambatnco  And hrd's yet anotherrarvel. AtstS199,SkyPross

- e —————

CCD caaiog, Now, thats some difleerce. ]\‘ PR( )




[image: image4.jpg]womic,there s some b kvelof noise:
hat cxists even in 3 dia image tht
has a 770 exposure e,

Dork count. Even i the sbsence of
ight, clectrons accamulate in 3 CCD.
and this gl s inditngsishabe from
Goe produced by ight The rate tht hi
Socilid dark count i produced de:
reases a the temperatue of the CCD
Gecrease, but the random natae of the
rocessadd o he e in the e

Background noise. A commorly
everiookza s of nass in an astro
Somical image s the sky Background.

Light, whether from natural skygiov.
moonight, or lght_polluon. <o
wibutes o ihe signal collcted by 3

CCD. Because this backsround adds
photons, and hecaise all phoion mess.
Srements hase an iherent uacerainty
% mentioned abose, when we subtraet

Swanicd photons,
SR s vilo lrom the g
cerin value. matters wors.

umbers on & pinei-by-pivel basi. The
el i an unavoidable incress in the
imnount of nois incach picl

Thes saurces of moise o, for the
st part, independent of onc another
s combin o deprade the maes gl

Giidual vales. I we have oise from
{hree saurces with valugs N, .. and N,

then the otal noise i given by
N NN

Here's an_ example that illstraes

imple simple. awsume that the Sar's
il o o cne it Surpee

. ettt sgnal coected by he
e i 40 countsand thit 300 e
o the st ight and the other 100 re
caused by skyglow. Because cf the ran
Gomness of photon counting. the sar-
Plussiy combination has 3 noise of
400 or 20 counts pet pxcl. Thi gives
& SN of 20 (400 divided by 201 But
ocs the sar raly have 3 SN of 207
Unfortanstcly so? The 300 ounts from
he st are entangled with 100 counts

of backaround photons rom the sky. A
bt cstmaie of the sars SN is
0000 o ust 15

“Actuly, the true SN is exen ko, for
s have 7o way of Knowing that the sky
aghtnes s exaely 100 counts. We can.
of cours, messure th value f ischs in
bl rsas af sk nar th sa, bt even
't Sk value we s will b omeertain
o at et the square oo o the number
Counted o, in he cae, 10 percet. Ths.
ihere is & o ontibution of 2 from
ihe sarplussky Sgnal 30 10 from the

SN of our st o 300A(40-100). or
134, which whil wellabove the typicaly
acepted it of 3 for dtestabiiy s ot
ey oo ince we,could oy measine

o about 7 perent.

“This cxample shows thit the presence
of sky brighines has considerably de-
Creased the SIN of the sar. 1 we had
0 couns from the sar and o sky
brighiness or camera. o, the SN
‘would be 300N300, o about 17 which s
Conidered a maximum atainabe salue.

What happens if e {1y to observe
e g on st wre
. 2100 counts i

4 e
g s

bty 10 measue s precise rightness
o beter than 16 percent.

This cxpisins why we candot ce many
sars n the bight daylgh sk ad why
e e finer srs under 3 darker 53
16 purel an s of the S of n o
ject seen a4 brght backaround
AWhie the CCD i a superh detecio, 1t
cannot remove (¢ delterous cllct of
right sky. Herwe. thre ae fundamen
al, mathematicl rasons why we need
87K ki for th st aereaton,

THE S/N OF A RAW IMAGE
Wit thse simplfied cses inmind. we

dark count all v random, Poson-
fan countng. they have nofse that -
crcases with th square 100t of ther ttal
Contribuion. There 1 sk 4 component
e signal due 10 th camera’s s
T camera's eadout and clctronic
noie, on the ofher hand, ' & count

ing of randomly occuring events during
o ecied interval. but @ single. uncer
tain value that 1 dependent of expo.
S duration tha oceurs every i an
imge i made. The contibuion of
adout o is thus somewhat difer-
entfrom that o the other soures. I o

Feprecnts the sgnal from he e,
e dark count, » the camers's bias, 5

noe,then each pixel of the raw CCD
mage Wil have ke following quanties:

se5.08i5s

We can simphiy (his a great deal
i he square root nature of the
noise i the dark count, object, and sky
Contriburions (but because the readowt
Do doct ok el from photon
Counting. it cannat be simpiifed 3 the
Square root of 3 signal) Thus, in one
il of the CCD, we have

sesesgss,
NN F i,
5454545,

VNS S

I we wse s, dark, and Mavfield

-

we xtimate he siy brghtness a5 an av-
Crige v over many pixcs o m-
prove s SN, then e can crank.
Through the matbematics o armive a o
elaively smple expresion for the SN
of an abjec. Fuhermre. we cun com-
i the comsrbuons o the dark count
and sky brighiness 10 crate an overall
Packground valus for our image, Here
wellt - be the number of pacs i
Voived i our measurement of the ob.
et 7 he seadout ois of the

fem. €. the toul number of abject
couts, nd C, the (ol mumbes of 3ky
Counte W et hs following expresion

s is 3 profound result We can
compare it wih the idealcase of o sky
rghiness and no dark coun o readow
none. Tn the ideal case, we. have the
M SN obainabic from 1 perfect
iccor, gven by 1C, 35 s the o
meratorin this expresion. The SN of a

Summes 1124 C20 Auwooamy 37




[image: image5.jpg]VFIY T R,

&
Tsio o 2188

Help with finding those elusive objects in
your CCD camera has arrived!

Homeyer FM - iip miror box: $399

DO SCIENCE WITH YOUR CCD

Model PFE-l Photometric "Front-€nd"

A s e o Ly nd
wars Katehuck, and Truss
OPTE

rebworld measurement aver a arca of
W pinely will owever, b lowet han his
Lk by 30 smount contrlld by the
Sther ok sourses incuding. the sky

IMPROVING S/N

T, bt pomile g,
need 0 minimize th denominator i the
Iast cquation. We can defic a degrada
tion factor, & in e followin way

To approsch the case of the ieal de
e 3 1 the smallest possibe number
There are severa ways we can do hi

1. Make the background

2 Use 2 CCD system with 4 low
readout poise. The hest reuls come
fram €D <hips that read ot clanly
and hove suppunt clctronics

it very e adions

3. Readout ncse s o an inherent
festure o

b s adi
rantere from the CCD 1 the sl

Covers mare thanasngle pine), we
Sl e 2 argument atorin s
Wi arge pine, provided hat &
Covers o least two pivets and e do.
rown the star by background in
il We can a0 reduce the readowt
Reie by a pocess el hinning where
Blocks o by 2or Sy

bined o one

.1 possble, make the abjct o in

. pikes 48 posible
denampling. Evey pic
4 te abject ha both r¢ad-
out nofe and noise from the back
Sround This s why i is es o observe

o why focus and guidin s cical

5. The morc counts in the ovect, he
et NC il b and the etier the SN




[image: image6.jpg]i spite of the mais. The toal abject
Jorger telescope: (b) having a faser foca
() chocsing 4 CCD haing higher

2 lfcency: (9) keepin tlscope

g minimizing he cegradation acor &
The sky brighiness appears caly i the

the SIN is readout noise — as when
e e short exposures of fuin objecs
otservaton it $id to b readout
sosc limicd. We an improve a sky-hm.
s sht reduces gt ol
other hand, when . exporure s read
o i we can oy 10 et
it enough photons 1o ps
et count bove th readon Rose
oy he kylmied teime.
bortom i can be siated quite
B o o Ssoos s
{elscope you can. obserie under dark
bur the e of getung. images wih
CCD s made s somehiow forget that

tons for how o get the best resulls
from  night oberving. ®

Does your gt esentch bt prevent e pschaseof ke comercal CCD.
camera sysen? Aveyou an engieer characerizing 3 new CCD imaga deviel
Woukd you science aducaion progam bencft om 3 powerl eschi ool A
Jou an e stonamer weryof iy CCD chigs? Thee i an answer,

You can now build the CCD camera that you want!

Weafer CO camera componentsand detle onthatwillalow
Y0010 consuctalarge-fomat scentifc gade CCD cameraataiceyoucan
aford, The lectronics support a widk varety of commercally avaiable CCD
imagerssoyou canselectthe devicemostsuiedioyourneedsand pocketbook.

SOUTHWEST CRYOSTATICS
5600 Gibion Bivd, SE #2553 « Albuquerque, N 87108
(305) 266-7141 |

ISA Bus CCD Cameras

o 16 10 pixclssce
(Camera s RAM) I

o Sub-Array Scanning

s (5010 100 et

Standard Cam
EDC.1000 192 x 330 pixels

 False Color Display
o Antibloaming

Cooled
EDC-1000TE  192x 330 pixcls | & TIFF, PCX, TARGA and

Monochrome/High Resolution | 1S Formats

EDC-I000HR 753 x 488 pixcls | & Image Co

| 24 Bt CalorMigh Resoluton A
EDC-1000C 751 x 488 pixcls | [NOTE: Image Co-Addition
allows uncooled cameras to

Cameras priced from $400 10 5950

CMount lenses are oprional

ELECTRonlc  ELECTRD corporion
IMeging 72000 s osseo

(609) 683-5546 Fax: (609) 683-5882




[image: image7.jpg]Quality cameras, large apertures, and dark skies are corts
important, but how we process our electronic images also
plays a major role in the final signal-to-noise ratio.

BY MICHAEL V. NEWBERRY

N THE WORLD of CCDs, getting a high signal-to-noise
exposure on

(SIN) image is the equivalent of getting a g
photographic film. In the last issue (CCDA: Summer 1994
Page 34) 1 described how telescope aperture, camera clee

and the nature of
tal image. Now
ays in the final

tronics, sky background, exposure time.
light itself combine to govern the SIN of a dig

we will consider what role im
SIN. Not only is the quality of our calibration f
but so s the way in which they are applied to the image

processing

mes important

g shor xpore ot s

e

IMAGE PROCESSING.
AND S/N
Beore CCD images
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ibutions of the SN of cach ma
image bt not the amount of he sign:
e when addrg two mages. The S But this is not pesessay an mtuive

3 iy e daa by som comsant 1o il Sy

S the brighines of he imags. In o
- B e e s quadeatcally

Ssined i th frst arle i Vo

sofe comes from several independent  This cquaton, howeser
i it e whethe the SN of the esul

o addh quid:
o of combined images i he squar
ot of the sum of the square of th

Most of the image procesing

sbove ol matbemaialy pure ke 10 an image, and you can
s e i an e Wt by S e e
s the Bava SIN o zeer 1t Fowers the resli
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5 master drk Irame. In the case _the subncripts 0 and / el to the orige lose more. In his exampl, the sir's
we can sveruge nal and fcld. rames, respecivdy, SN will b degraded i 1000 o ust

Tater having fist becn has and 995! 1 we want o study th galax we

b ong s the CCD's emperature
bl durng the obseving ses  drk corect

i, (Take the fames efore mghtal

Inokd wasting precous observing time.) v :

WORKING WITH A
CONSTANT &) ()

Lets consider multipying an image

Before ging it the detals,consider Lt

aging many high SN fltfeld rames
et produce 8 masier ot el frame
with 5 SN of sesrsl hundred 10 er.

St works ot il

Tave had their has and dark

Because the consant afecs the sig
sl the i xacty the e, the

LESSONS LEARNED.
Geting  High SN in  procsed
Dol o R
iy maser
b

et efec on the real. Tew hundied

DIVIDING BY A FLAT FIELD A e pc n i s b s S
Shadows cast by dust on levses and - ocyion: For cxample sores of bright

ihe resuling SN depend pon the SN tiking
i he flo ek . resut. The difference hetween a snowy,
Indisinct view and an mage wih 3

Compensat for thi

s b mch i e ity of e -

made of an cvenly iluminatcd. field has 4 SN of
a Mt frame aters the SN of the





