PORTIONS f
~OF THIS
DOCUMENT
ARE.
ILLEGIBLE




BLANK PAGE



LA-UR-78-2015

103 AlAmOs

TITLE: TOMOGRAPHICAL Pﬁmmmwu REDUNDANT ARRAYS

AUTHOR(S): T. M. Cannon, E. £. Fenimore

SUBMITTED TO: SPIi's 22nd International Smposium and
Instrument Display

| S

.« A d

REFOL ‘!t"O\t" "'ug.&“

- 7

‘et &‘”Mm ’mﬁhl‘
nnhﬂ.‘u
- RS

Ry ercepionuvy of thee srtorde for podderatean ithr
Pulindir? recafueres the (conernmest « lnrase  righls
=® amy cagn gl sa’ ‘s (an crnmrat and 1o o vt herired
oTrweliotrnes hat ¢ waratrerted gt o regr et o
whele of = poart wasd artuie Cadre amr cupergin
srcured br the pobirbee

The Loe Alomen Scwat s | abnroters svgersts that the
owhivde ofrateh thre arvnir o0 wwrdh prefearencd onber
the omgnes of she | L RN

alamos
scientific taboratory

of the University of Colifernia
MW MEIRKO 87343

\

Ao Abvmotve Acran, lqve! Opportuany [meple e

UNITHD STATHF
[ a5 3 "B RN YR TINE S
DEVEFLANME N | ALARNIS TR LION
CONIRM T W 2v PN, »


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.
 
 For additional information or comments, contact: 
 
 Library Without Walls Project 
 Los Alamos National Laboratory Research Library
 Los Alamos, NM 87544 
 Phone: (505)667-4448 
 E-mail: lwwp@lanl.gov


TOMOGRAPHICAL PROPERTIES OF UNIFORMLY REDUNDANT ARRAYS

T. K. Cannon, £. €. Feninore
Los Alamos Scientific Laboratory
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fecent wcrk in coded aperture imaging has shown that the unifcrmly redundant array (URA; can image distan
planar radioactive 5durces with nd a=%1facts. This Daper investizates ine performance of tad URA adertures
when used in 2 £l0%e-us tCOGrapNIC 1ma3ING Sys%em. It 15 SROwh that & URR Dased on = sequenies iy suderior
o one based o= 3.37r231C residues. The B SEQUERCEe arriy mol Srl. orai,ces less otmowrous artifects n
LOMOGraphIC 37117, et 15 A130 more resilient 10 S07€ cescrites gatrimental effects of (iDte-ud RAGING.
It is shown 212t .» sp1te of these Close-up effects. tomograsnic denth resalyusion Ini-edses 33 the source is
mpved closer 20 :ne detector.
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In 1961 Mert: ang vo..ng‘ introduced the concept of 3 coded or myltipie pinhole aderturs for use 1A x-ray
maging systes.  “re advanteje Offerea &, ne coled aderisve la, r o 1%s Increased (n3t.m (ollection effic-
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Ia 1977 femi=ire 32 Zar~on *ntraz ced the corcedl 9fF using a ~ocatired gmifa—?, reduncant array (URA)
10 CONIUNCRIZE o=l 3 z:'anges zTreelatiaw ZeCo3in, mEIROS.  I.In am aooroach permits tne artifact free
encoding an3 se 1.~ 1" Iistant Zlardr SQurces.

In thls Casev oo 'roelliale U Netdridur Cf tad t.Tes oF (3 arer Lsed fer clase W) "magirs.  Close-uwp
Maging 15 receqiyr, - Tegas 32 3ITgvm 3D artIratyIe Coe to cirgittIat lursdres. e oriperties of the
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Flg. 1. From left to rignt: a umiforsly array (URA)
bas2€ _n Quadratic restducs: 3 LRA based on
@ 3eCwences, Jnd a random array.
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Qasic Principles of Coded Aperture Imaging

The dasfic concest used in coded aperture imaging is quite si=ple. (Consider imiging a point source. A
single pornt of li:nt casts & thadow of the aperture cn the detector. The size of tne shadow Jepends on the
:lsw;:e to tne point wnile the location of the shadow depends On the lateral displacement of the point, see

ig. 2.
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then i
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where f 14 tmo gierture-oo%0. 2or seraration. |
To retric.c tre 2im plaae intarmation from P(x,y., one correlates 1t «ith a properly ragnified decoding

array, D‘(n.y):

0 (=) * Plxsy) * D (x0y) oy

If we momentaril, assure a planar source distribution a2 a distance . from the detector and substitute the
eapression for P trom £q. (1}, we then have tor tnis Ata plane,

at(l-’) . ot(lty) . Ak(lo,) . D'(l',) (.,
For the case in which A correlated with D is a delta function, we have,

U, (auy) = 0 (auy) * Slay) = O (nay) ml

that {3, the estirate of the source distribution is perfoct. The virtue of the uniformly redundant array
aperture 15 that A correlated with D .- a delta function. This is achteved py mosatching evtner A or U and
emplaying balancued corselation as described in (5). Random arrays and Fresael cone plates do not exhibit
this pertect response. i
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special Consideratrons for Torograpric Imaging

focus Artaifozes:  leplicit i our substitution 1nto £Q. 4 1S the assumplion that the source distridbulion

is planar. If the source :s not planar, then £g. 4 becomes

8u(2y) =30, (09) ¢ A (xy)] @ By (ay) ()

>
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CLOSE-UP EFFECTS
DETECTOR

APERTURE --.
"’;7’0

. @ AND D ARS EQUAL. |
2@ IS SMALLER THAN 8. |
3.7'1S LONGER THAN r. |

o, N

Hence, the inverse square radiation attenuation for different paths can nc lenger te overloched  Yareover,
the angular subtense of each ajeriyre c:ening decreases significartly for points ¢n Sn¢ arerlure re-ate to
the source. This arises fro- pnotons enteriny the aperture at an abligue angle rat™er tran jeryendicularly.
Suprisingly, this does not a‘fect the georetrical integrity of the aperture snadow. Found rin:, still pro-
Ject round shadows, and square noles project Square shadows. The real estect of the abligue an;le 1s @ Jdrop
in transmitted flux as the s12e of the angular subtense of each nole decrelses across the tace of the apers
ture. Ue refer to this as tne ubliquity etfect and 12 covhounds the Inverie square effect Just mentioned.

Thus, the imaging system can no ionger be rodeled as ¢ stationary linecar system, for the snadow cast by
any given close-up pownt source will e non-uniform and a function ot the position of the point. Lq. 1,
which describes the basic 1maqe forration process, 15 now no longer valid but only an approvimation.

We are thus faced with two 9pposing contraints in a tomographic \maging enviromment: the nced to 1mage
up close for maximum depth resolution verses tne neqating ot ta. (1) as the source distribution 1s broucht
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we have computer sumulated the above effects,

Computer Si-ylat:on of 71.'e-- Fffectls
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CONCLUSICHS
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