e e B T e R e P e e e e e T A SR oo,
latpikn Anteikovion & Wnowakn Enefepyaoia latpikng Etkovag

Afovikn Topoypadia

YrnevBuvol Aoknoewv: Kwaotrg M. Muypifog (email: konmic@biosim.ntua.gr)

kaB. Kwvotavtiva Nwkrta (email: knikita@cc.ece.ntua.gr)

Exomnoc 1% Epyaotnoiakric Acknong: H sic 8adoc katavonon tou Atakotol Metaoynuatiopuol Fourier-8aoikou
gpyadeiov g Afovikric Topoypapiag- kat 1 avantuén TG EMIOTNHOVIKIG Stalodnong yupw arod Ti¢ IBLOTNTES ToU.
H e@opoyn Twv BaoikwY gpxwV TWV TOUOYPRQIKWY CUCTNUAGTWY otnv eniAucan tou mpoBAnuatoc tne BEATIoTNG
TonodETnonG ToU aoFevoUs (avTikeluévou).

1. Gewpolpe pla Swakpley Swodidotatn ewdva pyadikwv aplpwv f n omola petaocynuatiletat,
XPNOLUOTIOLWVTOG ToV SLAKPLTO HeTaoXNUatiopno Fourier, yia va mopoyxBel n ewova F. ITn CUVEXELD,
eruteNolvToL oL aKOAOUBEC evEpYELEC ML TNC ELKOVAC F yla va tapayxBOel n swova F kal amod auth, e
XPAon aviliotpodou UETOOXNUATIOMOU Fourier, QmokTdtal 1 Tehlkr lkova f . Mapakoiolpe va
£ENYAOETE CUVTOUWCE TL Lopdr] AVOUEVETE VO EXEL I} VEQ ELKOVA f O€ OXEON LE TNV apXLKA ewova f otay
npaypatornotnBolve oL EMOUEVEG EVEPYELEC.

ITn CUVEXELX TNG Aoknong, Me F (kxm'k;vn) QVOMAPLOTOUHE TO S1o61A0Tato peTaoxnuatiopo Fourier
TNC ELKOVOC OTLC SLOKPLTEC CUVTETAYUEVES CUXVOTHTWY (kxm, kyn).

(). Ta otowela tng ewdvag F ta omolo Pplokovtal o ApTla TETUNMEVN 1) TeTayuévn undevilovrol
(5nhadn Fky ky )=0yiam,n = 24,68, ...k Fky ,ky ) = F(ky, . ky ) adlidq).

{B). Ze kd&Be otowelo TG ewdvag F npootiBetal pia otabepd ion pe to 10% tou DC opou. (6nAadn

)

(v). KaBe pyadikdg Opog tng elkovag F aviikaflotatal PHeE TO YWOMHEVO TOU EQUTOU TOU KOl TOU

F(0,0)
10

F=F+
ouluyolc tou (dnhadn F = FF*).
(8). Kd&Be cuvtedeotrg Fourier F(kxm, kyn) rnoMaorhaoidletorl pe (—1)™ pdvo katd tn SievBuvan k.,

(6nAadn F(ky, . ky, )=F (ky, . ky, ) X (=1)™).

2. (a). Oswpolpe éva 1™ yevidc -otatiko- coTnua anekoviong os film (film screen system) axtivwv X pe
TeTpaywvikn eotia (focal spot) Swwotdoswv 0.5mm X 0.5 mm kot pe cuvaptnon BoAwpatog film
(dwTtodpdkTn cuokeuric) mou éxel emiong oxfipa tetpaywvou Sidotacswv 0.3mm X 0.3mm onwg
daivetal otnv swkova 1. H andotaon (wg npoc tov dfova z) petafl tng mnyng Kol tou smunédou tou
avTikelpévou eivat 80 cm kal n amootoon pHetafd TOU aviKeElévou Kal Tou G eival 20 cm. Now

eival n Swodldototn anokplon Tou cuothuatog oto eninedo tou avtikelwévou; (Mpoooyn! To eninedo
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Ewkova 1: Film Screen Zotnpa yia tnv Agknon 2.

TOU avilkeldevou dev  elval  anapoitnto va eival ido pe to eninedo eotiaong katt mou Ba
XPNOULOTIOL|CETE OTO EPWTINUA V). IXebldote Tn Hopdr TG amdkplong tou cuothiuatog (eéetdovrac
Eexwplotd Tnv kaBe Sidotaon Kat oxnuotifovtag xwpLotd SUo cuVaPTACELS, pia yia Tov dfova X Kot

pa Seltepn yla tov dfova U) avamaploTwytag TIg AmooTACEL 08 MM Kal ovopati{ovtag Toug dfovec.

51+52

{Alvetar otL n peyéBuvon tou cuotiuatog opiletat wg M = Ko OTL n mpofoAn TwY anocTAoswy

di kat d5y oto emninedo tou avtiketpévou (fulcrum plane) amodelkvieTal YEWUETPIKE —OpOLA TPLyWVO—

i

; . ’ 1. d

oubiverd, = di(1 - ) kaud, = ﬁ).
(B). OGewpwvrtag 6Tl n amoctach HeTay ¢ Ny kat tou film dev pnopel va petapinBet (5nhadi
napopevel otabepn kat ion pe 100cm), mou Oa TOMOBETOUCWTE TO QVTIKE(UEVO TPOKELUEVOU va

MEYLOTOMOLAOETE TNV QVAAUCH TOU CUCTAHATOG; (SLVETal n CUVOALIKA QIOKPLON TOU CUGTHUATOC OTO

eninedo Tou avtikelpévou: E(x,y) = (dé + d; “25) M~
1

(V). Oewpolue Twpa Eva YPapKO TOLOYPAdLIKO CUOTNUA HE TO €0TLAKO eninedo (fulcrum plane) oto
MECO TNG amooTaong HeTa§y TG mMNyng kaL tou ¢y (6nhadn n andotacn petatl TG mNYRAS KoL TOU
gotiakoy erumédou elvat 50cm koL n andotaon petagl tou eotiakol emméSou Kal Tou G elvat
eniong 50cm). TormoBetolpe €vav KUBO QKHNG O CM OTO KEVTIPO TOU £oTlakol emumédou (kévipo
neplotpodric). Mepypdipte avaAuTikd TV TEAK ELKOVO XPNOLUOTOWWVTAS TIC emipépoug PSFs (Point
Spread Functions) gotiag kat pwtoppaktn cUoKeEUNG QARG KAl T YPUUUIKOTNTA TOU CUCTAUATOC YLa

pia kivnon tou ¢iAu Katd piikog tou déova ).
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EvOeIKTIKEC AUGELC

1. (o). Opifoupe tn cuvaptnon — «xtévar (comb function) mou daivetal otnv ewodva 2. Ito nedio Twv
ouxvotitwy éxoupe F(ky .k, )= F(ky ,ky ) e comb(ky ,ky, ). O moAomiactaouds oto

nedio tou xpovou (etkova 1) woduvaypel e GUVENEN oTo XWPLKO Tedio. Enopévwg f = flx,y) ==

comb(x,y).

comb (K., k}.)

ewkova 2: NMoMharhaciaopds e F pe th cuvaptnon-«xtéva» oto nebdio tng cuyvotntag.

comb(x.¥) = fx.y)

5
. HREEN 1

glkova 3: ZuvEAEn TG apyikig elKovag e TN cuvdptnon-«Xtéva» oto XwpLko nedio.

Onwg daivetal kat amd v ewkéva 2, n feival po mEPLOSIK pEMAKA TG f. Edv n
unodetypatoAnPia unmepPaivel o kpitiplo tou Nyquist, cupPaiver avadimiwon (aliasing) tng

QAPXIKNG EKOVAg f.

(B). H mpooBeon pag DC otaBepds, ¢ oto cuxvotiko Xwpo (etkova 3) woduvapel pe tnv mpoodikn
TNG oUVAPTNONG & OTO XWPO TNG EIKOVAG (elkova 4) pe Bdon v WBLOTNTA TG YPAPMKOTNTAS TOU
HETQOXNUATLOMOU Fourier.

SOTNTA Y paUULKOTTAS

f=f+d6xy).

Anadi F =F + ¢

Enopévwg, n feivat n apykn ewodva f oty onola £xeL tpootedel pa Séta CUVAETNON OTO KEVTPO
twv dvo agdvwy g swkovacg (0,0).
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m F(k,, k)

ca >
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gwkova 4: NMpooBrikn oTabepdc 0TO CUXVOTLKG XWPO TG ELKOVOS.
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£lkova 5: O avtictpodog peTaoXnioTioplsg Fourier piag otabepds cuvaptnong oTo cuXvoTiké nieio mapdysL n cuvdptnon

Dirac oto nedio tn¢g elkovag.

{y). Elval yvwoto amo Tig ItoTnTeg Ty Uyadikwy aplbuwy otL

F(kxm‘kYn) = F(kxm’ kyn) 5 F*(kxm’kyn & IF(kxm’kyn)Iz'

710 nedlo NG elKOVAC, N TAPANAvVw oxEon HeTaoynuatiletat otn cuvelgn tng f pe Tov equto Tng
(autoouaoxétion). Anhadn £Xouie:

+o0

f(x:Y):f(x;)O **f(x,Jf): f(xJY)f(k_x’k_}’)dk

—Co

AnAadn, n apywn ewova [ elval CUOXETIOUEVN LE TOV EOQUTO TNG, KATL mou mpokoaiel BoAwan
(UTépBean TwV BLWV aVTLYPAPWY NG EKOVAG LETATOTIOLEVA GTO XWPO).

(6). Eivaw yvwotd ot (—1)™ = e(F/™mkx)  Enopévwg éxoups F(kxm,kyn) = F(kxm,kyn) .
e (FImmkx) - And ywwotr BLOTNTA ToL peTacxnpatiopol Fourier, n petakivnon ddonc (phase shift)
oto cuxvotkd meblo woduvauel pe pwa ypapukn petakivnon (linear shift) oto xwpwko nedio.

Enopévwg, f(x,y) = f (x s f;— y). AnAadn €X0UlEe YPAUMLKNA METAKIVGON TG EKOVOS KOT -;— otnVv

KoteUBuvon tou afova .
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2. (a). Agou oL 800 ouUVAPTACELS Elval CULLETPIKEC WE TPOC ThV apXh Twv afdvwy (swova 6) n
av@Auaon tng aoknong yivetat otov afova X kot akohouBel n avtiotowyn avaiuon yux tov dafova y.
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£IKOVA 6 : H TETpAywVN CUVAPTNCN ANOKPLONG TOU GUOTIHOTOS OTO YWeOo.

; g ; ; 5145
Amé tov tumo mou Sivetal Bplokoupe M = 15 -
1

M =5/4.

pe Sy = 800mm xou S, = 200mm, Bplokoupe

. . ; , . il
NpoBdAoupe TI§ QMOCTACEL OTO EMIMESO TOU QVIIKELHEVOU KOl €XOUpE di = dj (1—5) =
/

0.1lmmxkord, = %‘_’i = (0.24mm.

Enouévwg, n SLodldotatn anokplon Tou cuoTHATOS KATd UAKOS Tou dfova X (opoiwg Kat yia tov
atova y) propet va oxedlaotel we e&ng:

[

/

& = J

E
4

-0.05 | +0.05 X -0.12 0.12 X _0.17-0.07 0.07 0.17 %

i

EWKOVOL 7: OEWPWVTOG YPOULKO To oUGTNNG, 1) artoKpLor) Tou Bpioketatl wg n cuveélln Twv ouvaptiioswy sotiakol onpusiou kol
dwrodpdxin, npofakdpevn oto nedio Tou avrikepévou.

(B). o va peylOTOMOWOOUHE TNV AVAAUOCKH, OPKEL VO EAAXLOTOMOLCOULE TNV QMOKPLON TOU
0.35,+0.55;

cuotiuartoc E(x) = T

. Anhadn €xoupe mPGBAnUa epeon g AKPOTOTOU.
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R T P P D S A e e e Y S SR R TN B R T P e Bl S PO W RO AL
, e ek dE (x 0.3(S;+5,)—(0.35, +0.55
o TO OKOTO aUTo, BEToupE 4E® g (§1452)=( =L 2) _ .
ds, (51452)

Alvetal otL §;+5; = 1000 kat kdvovtag TG npatels kataAnyouue atnv efiowan npwtou Babuol
200 = 0.25, & §; = 1000 ot gmopévwg Sy = 0. AnAadn yia va peylotonowjooups tv avdiuon

TOU CUCTNUATOG, ¥PELA{eTaL va TOTIOBETACOUE TO QVTIKELEVO ertdviw oto film!

Mpoooyn! H ueyiororolnon te avaluong dev auuBadilet pe tnv peytotonoinon e pueyeduvonc
ToU ouotnuatoc. Mo mopddelyua, Umopel KATTOLOG VA QITOKTHTEL VIPNANC UeyeBuUVOnG ELKOVEC TOU
v uneptiVevrot uetaét toug (overlap). Katt tétowo obnyel oe @twyr avdaiuaon tou cuothiuaroc. H
QVaAUCH aVaTTapLOTa TNV EAGYLOT AMGoTaon UETAEY SUO ELKOVWV ETOL WOTE VA LNV UNEPTIOevToL

HETAEU TOUG,

(y). H tehikn ewdva elval n umépBean GAwV TWV TORWY e Tn cUVEALEN TouC pE TIg avtiotoyeg PSF.
To KEVTPO TOL QVTLKELUEVOU TIoU BplokeTat oto eotlakd emninedo Ba BoAwoesl Aydtepo:
PSFEJTLG:KG{J emiméSov — é(x) * PSFEaTia:g = PSF(pmpa‘n’]'

To undhlowuto aviikelpevo Ba BoAwoel moAU TMEpPLOCOTEPO Kal n BoAwaon aufdvetal ps thv

AMOOTUCN OO TO E0TLAKO KEVTPO.

PSFEm?réSOU avrikepévor — PSFQé}Lmanq kivone * PSFEGT(C{Q N PSFrpmpa‘rﬁ
hY ;ﬁ
_ Eonioxo
Eminedo

ewkéva 8: Avtikeipevo tonoBstnpévo eveog afovikol Topoypddou.
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