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An M- 'Qunc.h’o“ Q-m- S;\\-cx;n% W Yo wtq“%bamﬂ,
an M- x—uv\u\‘on AH:Qi\‘c ‘ot Qc.c.e.?-\»s as \npuk s aw \mane.
and o Sl Queesion, handles all A Q-L\\—uma Sequance
S\—qs . and oukputs e Q\\\-m& QXOQWLA \mage. .

Code
Qunc,h‘on ‘3 = G\'C{-?i“' ( ‘Q' y H)

2 DFTFILL Performs Qvu\umua demain Ci\-\-c-r'm%.

2 G= DFIFILT (FL M) fas £ v A Srequaney domain
e \.Ls‘u\a e Q-\\,\-v( Acomsher  Lumeron W, "The Owl—Qwﬁ-/Gr,
/ is Y Rlerede '\h'\c%'- e hes We Same Size as 5.
2 DETFILT osiemaread  pads £ do e Y same
% site as M. Liwkven TPADDEDSIIE  Ceam be

Z used Yo delaxrmine am qs?gro?via.\-c. Size Lo W,
2 OFTFILT assumes Mot T 15 veal owmd Mhat Y i
7 a Yl , Uwcaentered Glver  dumction 2

2 obloin e FFT of e vadded ingut |
F = %S;jc?_( ¥, site(H,1) , siwed H:‘-_)_);
~ 'pex‘—mm S‘r\\x—mv&
q = Yead (_ﬂ?{:a_LH.*F));
e Cm\a Lo o\rc%(no.Q. Site .,
Q = (Vs site (K, , e siie ( £, L))-
¥ \sing e fnexion + C Colling broem Waiolo)
= £= \mm&(_ woown . i )
22 h= fspectal(sebel');
2 H= 4+t (h, o2y, lowy); L\na(“‘“pé\
7 9 dfL BN (£, W), X ewox c £ wwsk boe Aoww)
> q = dft Bl ( double(£), H) 2 o~
> subploy (=2 L, \)
> \mehows (+, C 3) .
» Subpletr (WhLT)
» \mghew (8, L)



2
Q\;-\-c.lnih-% i requency Domain Fllees  Hrom 3\?‘1%‘\’@-@. Blers .
e In aeveral Spawal  dewmain g-\\\-u\-woa s wove ebfecient
Tan cho\uex\.c.ga Somain_ Q—i\\wi.v\a wWhar e Glers e small |
» One  \Way of o\D\-o.m.\«c& a Qve.o\mu\.cg domain Gty H
Grom &  Qiven  Spawal P s Yo Wse ¢
W= e (h, pawmy, pawy)
wwicl  Converks Ceom @ Cver delined in e Spakal
domoan ko Ga equinalent Qler i Yo QMW% Aomoir .
. Grether W0y Yo obrain a Qvu\\e“ra dawain KUy is
e Use Maxlab Cunexion gr'ru‘?_L ‘o Cornute e Qmm%
esponse of a Spwhioﬂ, Glee as 3
W= freaz (W R, ).
Whore % W: 2-D spawal G \hex | H: 2-D Cmqw»cej Gler .
R wwloer 0% Yows C % Numoer of Calumns .
E)&m?\e t ( A Companson ok &\\\‘bﬂ'\‘é W Y Sfabal and gﬂﬂ\»wacloma«‘n%
= € = imread (' woon . 4:'\‘");
Y W= {special (! Sewal) ; % appy « spahel Rier Prbed
; (73\0,* J;rf-q%z C\n.) / 'D:o:: 2-9 é\:;” W \erkical Edge Brakacher
P& = pa&g.t.&sxu ( ‘é-n.e;(?—}) Wn% —Har '\m%g
R = Kcrcc(_z_(h, P, pawy);
Hy = 68t o\l (W) 5 # Cenledng Xa thﬁ\\.\mea vechongle .
Qs = AnKler (double(F), k) ; 7 Kieing v gl damain
af = AFcGWN (U WY Z Q-\\\uu\& \n gcvu:\ma dornain
Swople & (3@‘1/7u tmshews (%, L) ;
SwWo plot (3@}) 5 \wmshow (9%, ¢33
_— Sdplet (%789 , \mewow (9§, L)
','-:’:\‘-c,%;_e . A\ QYQC\%'L 1S Wl WiMkouk  an  outpul  Sraument
7 Y  absolute Vaue of M s Ak-"\“’au\ on Y Malleb
.\\‘/. desctop as & 3-D ok,
\_% Subplet (3,2,2) ; imshow (abs (HY , L J) - % obsoute
Subplab (3,2, 4) ; \mshow (abs (M), L 3),; A \etuag ok
% A C imGler pads Ml Yooder Wit Toces, P amd Hy

]
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subplot (3.7%,6€)
tmshow ((abs(3F) P> @-2 % abs(max( ‘H-Ci)))) 2
X B2 mwkiplier - Yo show ow\é Ye 9“3‘ wWith s\:vﬂ\a*k
% qrealer Yan 204 of Yt wmoximuwm Vatues of af .
Z2 d = abs( 35- 3F). ‘Yo Compare ¥ o NMSLE
m= max(d(n).  « Cowewi:oleé Mheir Hiflerence -
= wdin (dC2) =54 e
WL (d( )) __\) v -
Gemtakng Eu-q_g -'D'\Mﬂé in e \:ﬂ-q‘\\w& clom:;n..
\) Lou)PaéS rﬂﬂok%% domain §3\lers (Sm&-*"\‘u"‘g R\becs)
One apprech 38 *o  2ero-_pad \weaaes  ond Yaen  Create SHens
wo Y g—nt\\wwg demaoin Yo ‘e ©f M same Sie as Yo
vadded image (Ramember it images amd Rllers  wust be of e
Same  Site Whan  \sing DET)
= Smo'\'\'viv\% C \D\.\A.YT\-"QB ‘s aclueved in e Qvequg_ domain
\Da \A&gk- Qr«.quncé akkenua Hon u&‘na Lowapass Cilker
Gllers  inds @
) Tdeal lawpas Silter 1 TLPF 3 (Very Share Kiltering)
2) Burerwecdh : BLPE .
Butrerworin fVer has a Pocometer  Called Giller
oder . Yor \r\&a\\ order Nohues , W buwMerworth Siver
coroaches M. Mdeal RHUer  Toc lower odder Vames,
e burterwor¥  Hler Vs wmere Live & Gawssion S\ver .
" RBuberwot ¥ provides a dronsidion  ‘oetwew ! two  Yopbremes
3) Goussion : GLPF - \Jua Swooth Q\w‘w;é.
A)  Tdeal \ow fass Vs @
A 2-D \|low foss Gler  Haak passes  withowk adenwakow

all 'C\"U?\\Mu\df—.s within a Cixchee o -(: Yadaus Do -C(ew\,

2 on:&'\\n, ond " cuk 0"'&' atl qu_c\ue.ndcs out S.\A.L"\'(»\-_b
Cirde s colted on Tdeal lawgss Sl (TLPF) /



.L:k (XS S\;eci%'r_& \05 ‘\5\,\._ Q—w«d«"om ’

\ if Dy < Do
HU“I\-") ~
' i@ iDLy > B

Do - Posidue Comstankt . DWW - distence petbween o
Sowk (Wv) n e Q—!tl\‘mxos domain.  nd  Mae  cander of
e g\‘tt\\u\oa \‘!_b\ql‘\g\t. P ‘ot s

\
W) = &(\l-— %SL % Qr-— %l_)?-]-j- PIG\- \Doug&s& Svie .

H(M;U) g V‘H(ulw’)
v ; "‘. ﬂ‘
\
{ Z/ /S /ﬁ _
u - Y Q{\u_( a“‘?‘“i)‘g Dy DU,
ILPF dransfur funchon as an \moge fler adiol Cress
Sec Ao,

e - Cutoff Qﬁc\u_.u& —>
e sharp  cukolt Crequencies o8 an TLPE Connet e
vealited with eleckroric Components, (& caw b just
Sitnulsted  in @ Compuler,
B) Ruberwesia \Low Qass Tless %
BLPY  ronsher Q—wr\ch'ov\_ ol ovxder n, and Wity
Cuxe Qru.\w% ak a distance Do Qi—’ow\. Mae o,
s delined ag w- Yo ocder of N Qe

2




} '3
C
“Z =
b
Yy Kier displaned L DAY
as an image NUer Yodial cross seckion  Sor

oders 1,2, and B,
C‘.) GGM}.SQO.\'\. l—o\u\bm Q&LWS .

e Aramsher  Swnoriew
9%
—-D L\MU")/ -
Huw) = e 26
& - s o neaswe o ¢ BQNAA eovt Yo  Cevven P
Se , e pu’*, &= Do, Lo ¢
1
_Duv)

H(wv)

¢ D)

\ g‘\_‘“d‘_ . °=\0
GLPF o o x o 8 Rier vodial cxess
Sechony foc vorious
»* Prochcal ogyikicaxion of -PT: Names of Do

& Chavracker chg\‘\ﬂﬁov\_ ( madiine Nwﬁ\&’n’o“ 538*'7-"\5)
2= Satellite '\‘ﬂwﬁts.
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MCL‘(.[—O&) T—m?\emtzn‘ﬁa‘f\‘aﬂ of B\, PF :

) C—Y‘en.\-in% Mesh aid hn‘ua, for UWse  in \mplementing

AR SR W\ S 2 TN ESN Ao maive |,
-Q\u\oh‘ow ok Comypukes N Sishance

e We Yeed a
SQQ.QJ.Q-RA\ Poink w Yaa

Seu\o\io(\s S’(ow\ Q\'v% ‘?o’\\‘\){ b a
-Q-Nc\\mm% ‘(‘e.c,\cm-a\e 5

O Aistance Ccm?u.—'cq.\‘b\'\s Qe UQ'\\S(/\, WSQ!-QX Ao W
orsen (Yop, lekk  Roind), because of FET lunowen

. The data Can oo \*e_a«cm@.& for Niswoliaten Pur pases
Suncron  SEbanf |

Using
Q—unﬁ.\ion d.“cu v ?(‘Q\) ides
Aistonce  Compudabons,

Yo Necessary wesh ard acfe N

Use o
Cuncron  [u ;v] = dftue (M, W)

% DFTOV  Compukes Wmesharid quuen% hotnces .

22 [Cu,v] = DFETW (M, N) Compotes  weshadd  Sreamency

7, nainces U Qmck I U and \ axe  \Uselul S—cr

A Compubing S—N-ck\ux\@a- domain  Silder

e «Q\u\c.i-tons Mot  Cow be Used wivw DFTUV ., Uawd V

Z Qe b:)‘\'\n- \A__bd— N.

XL Sek Up (onge ol \avdbes.
W= O% (w-1y
vV = O+ (N-VY) J

wmdiace s :-o'( wse  m YY\ﬂ-SLaﬂA.

A Cowmpuie M
idx = Snd(u> ).
U(dR) = u(idx) - ™
idy = Fnd(v D> W)

VOY) = N(idy) — N
S Compute  Hae  mesharid SNgs

LV . V ] = mebhﬂr{c\ (Vr u) y



@
* USi“ﬁ —Y—unc\-{on aftu v .
» Cu,v] = dftuv(R5),
» D = UNZ + VAL

Note © Yo disramge s o at M Sop , left | and e larser

distomces are . M Cenker of R Greaqueney Vﬁc\oﬂ\%\e,.

7 \Ne Can Use Qunc..h’on,

SR it te obrain M distances

watow ‘Ns’\)eci Yo R Cevher of Yo QNF\“M\% W—r}nx\af\e,:
» fFeswitt (D),

AP?\‘& a Goussian LW?Q.&S Gler o e SooX SOO- pivel
.\mo%c,%,, Use a Vawe of Do e_chQ ko B/t e
padded image  Width .
PQ = poddedsize (sie(F))
Lu,v] = dfeuv( Paw), PAQY)
Do = @225 % PE(Y)
F= {(f, 6oy, Paw));
H = exp (= (U.n2 + \‘"“7')/(2*(00*&))) -
q = bR (E, w);
27 We cCan Viewd W Hler ag aw imoge
»  Nawe , imshows ( $EEsWfe(W), L 3);

Z N speckcum  Cow e &is?\u\&cl as om \meoe

»  Sepre, Wmswow (\wa (V¥ abs ( FHesWEE(F))) € J);
» Naure , imswew (3, € 3);
E’Xa.nqe\c,, o< .
T e ?—ou..on_mna ‘Q’uvxoh'ou., aevarates the Ivansher Q—\A\no\'\'ow,}
of alt N Lowpass Cillarg ( Gamssion, 1deal omd Touderworh)-
'Qunﬂ-h‘on H = Qplller CAype , M, N, Do, ")

2 LPEFILTER ( TYPE, M, N, Do, n) Chcates Hae  Yromsler

o fueron - 0% a  lowpass Siker, H, of Mo S{PQO\'?—\‘eol

A Type  @nd  size (M-by-N) L To Glewa Hhe QMer as
A an \mesxe or Ynashh  Plet iy

should ve.  Centered
>4 \A.S'\V\é_ = MS\MF‘L’(HL



1
X Wald  Vales  Yor TYPE, Do ond W ace d

z ' Eigae Tdeal lowpass Sler  with  cukeft -an\meg
7. Me. W veed Vot e sSupphed . Do muskloe Desikive,
A Yok Rutherwort.  Lowpass  Qder ofF order o, and
“< Cukall Do . The dthadt Volue Foc n s Lo,

el Do ™musk be  Pesidve .

e ' Bmxss‘\an‘. Goussian \»euateqs; ey Witk cukotk

v s andacd deviawen) Do . - weed nol e Su“h'eo\_
b D usk oe RaEsikve .

X Use  fuwowven  dPftur Ao ser O e meghodd c“m<x_3> Need
e

Lo Compuiing e eauiced.  distances.
CO,V]Y = dfur(M,n)
e 4 C.om?udqc, e Aistances DI, v) .
> = sqrkt (O.M + V.’\QJJ-
> Eegsfm. S‘{\\\-U(' Computations .
Swireh  ape
Case ' Tdeal
W= deuble( D <= Do),
Case 'lboiw
& vorin == 4
w=\
end
H= \./(\+(D./ Do).A (Z-A’-r\.));
Case ) %aus;.s'\n“\.
W o= exp (= (D.02)./ (2% (D"D)));
Stherwise
ecror (' Unenown Quer Aype hy )
end
N s Runcaion Lp ﬁil’r&-r' s used os  Hwe basis
Cac QRN \V\k&\tpss Sess .



