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The aperimental opportu.ni ty cf planetary magnetoe pher a 

imaglng in E.ne.rgeti c Neutral Atoms (ENA.a) i s eoruYid~d0 The 

potential science return of such experiment i s emphasi~ed and 

.relevsnt instrumentation is discussed" The magnet ospheria ime-,., 

ging could be performed on the basis of the devel oped time-­
of-flight technique w1 th the use of thin t oils and micro­

chamlel plate detectors. The application of the coded a.per.'= 

tu.re technique is proposed0 some relevant information on 

this teclmique and the principle o! the aperture pattern 

design a.re presented. 
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Introduction 

Energetic neutral atome (ENAs), created by charge ex-

change collisional processes, may serve a valuable source of 

information. on physical phenomena in planetary magnetosphe-

rese Realization cf this fact, supported by the interpretati-

on of some experimental data on terrestri'.:1 [ 1 J ( and referen­

ces therein) and Jovian and Saturnian [ 2 j (and references 

therein) ma.gnetosperes 9 a.a well as the development of the new 

t ech.11:iqu.e to 6.etect end identify neutral atoms [3 - 7 J promp­

ted the proposal of the new type of the experiment [1]. The 

basic idea is to obtain series of sequential. magnetosphere 

"photographs" in ERA.s ( ena.g:,:,aphs) o In such magnetosphere ima­

ging ex:;>,~rimen-4;; the spatial distribution ot the neutral emit­

ting regions for c.ifferent atomic species and energy ranges 

of neutral atoms a.re to be determined. The most o bv:i ous 

car.dilates for such an experiment are the Earth and the giant 

plene'cs. The instrument on board of the spacecraft orbiting 

at some usta-..~ce from the magnetosphere, provides the detecti­

on of ENA, de~e.."t'mines the velocity vector end identifies its 

·type (mass) a.n.c:. energy (fig.1). During exposure time (say, 15 

minutes ) the two-dimensional picture (pictures for different 

masses and e:.ne.rgy ranges) is accllilnllated in the •emory. A 
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Pig,, 1. The instrument on-board of the spacecraft per-
forml.ng magnetosphere imaging in ENAs. 

aerie of the enagraphs (the "movies") would present the time 

evolution o! the magnetospheric processes, :tor instance of the 

ring current decay. 

The aim of this short note is to describe the general idea 

of the proposed experiment [ 1 J , the relevant technique and 

the instrument with some emphasis on the coded aperture tech­

nique. It could be considered a.a a first necessary step to the 

:formulation of the full scale proposals. 

Instrument principal scheme 

The expected nu:xes consist of a.toms H and O (with some 

traces of He) for the Earth and H, 0 and S for the Jupiter .. The 

energy range of interest is from several keV up to several 

hundreds keV. Until now, no final recomendations, how the in­

strument should look like, can be given. Nevertheless the me.in 

features are clear and similar to those described in [6,7,8 J. 
The expected characteristics of atoms to be detected pro­

hibit the application of the total energy detectors, say o! 

surface barrier type, for the unambiguous atom identification .. 
C 

The key elements of the instrument would be thin ( ~ 100 A) 



 

selfsupporting foils and micrcchannel plate detectors with 

the abilities to determine the position ot the detected par­

ticle and to fix precisely ( ~ 1 ns) the moment o! the parti­

cle detection. 

By measuring the times ot !lights in the instrument one 

determines only the velocity of the atom. The type (mase) of 

the atom O:t' the energy can be derived from the fact that atoms 

of the same velocity but differing in masses interact slight­

ly di.!ferent with the thin foils. In principal, at least four 

effects of particle/foil interaction could serve for the iden­

tification of the atom: 

- energy loss in the foil; 

- scattering in the :toil; 

~ charge state o.f the particle after the 

electron emission :from the foil. 

foil passage; 

The di.:f:ference in the interaction of the atoms with the 

foils is more quantitative than qualitative. Therefore seve­

ral effects are to be used simultaneously for the atom unam­

biguous identification. 

The instrument may be built on the basis o! the improved 

version of the detecting module developed for the neutral 

Solar Wind experiment [ 7 j . This module, which will be call­

ed the basic one, is shown in fig.2 and consists o:r thin 

selfsupporting foil F, two electrostatic mirrors EM and two 

microcha.:nnel plate detectors D. 

Energetic neutral atom A, penetrating th-e foil, suffers 

scattering (deflection), energy .loss and produces electron 

emission :from the both sides (input and exit) of the foil. 

These electrons are accelerated up to, say 1000 eV, by the 
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P:1.g.2. Basic module for the detection and identi!ication 
of energetic neutral atoms. F - thin foil, EM -
electrostatic mirror, D - m:!.crochannel plate de­
tector, A - energetic neutral atom, e - secondary 
electron, emitted from the foil. 

nearest grid, travel in the equipotential space, reflect at 

the outer grid e.nd after !lying a certain distance again :i.n 

the equipotential space of the mirror reach finally the detec­

tor D. The assembly, which accelerates, reflects and conveys 

electrons from the foil to the detector, is called electrosta­

tic mirror and is built from the high transmission (95-98 %) 

harp grid. Such electrostatic mirror provides isochronous 

transport of electrons from the :foil to the detector regard­

less to the position o:t the particular point of the foil where 

they were emitted [7,9 J • Moreover, the electrostatic mirror 

preserves the intormation on the position of the emission po­

int and transports the whole image, formed by ENA.& on the foil, 

to the senai ti ve surface o.t the detector D [9 J . 
!he microchmm.el plate detector provides precise (~ 1 ns) 

tim:I.Dg ot the moment ot th~ electron detection [10] • Since 

the electrostatic mirror assembly is isochronous device, the 



 

moment ot the foil penetration 'by ma could be fixed (timed) 

with almost the same accuracy. ~be C01)rdinates of the centre 

of "gravity" of the emitted from the foil electron bunch, hit­

ting the detector D sensitive surface, could be determined 

providing this detector is a. position-sensitive one. The most 

convi.nient for this purpose se-ems to be the application of 

the mieroehannel plate detector with the so-called wedge­

a.nd-strip anode [11,12]. By the accumulation of the coordi­

nates o! the sequence o.f the electron bunches (which corres­

pond to the coordinates of the toil penetration points), the 

image, formed by ENAs at the toil surface, could be registered. 

The number of electrons in the bunch could also be 

determined by the measurement of the pu1se height at the de­

tector output. For tbis purpose the detector's siri.gle electron 

amplitude resolution should be as narrow as possible and the 

electrons in the bunch shou1d be multi plied without Dlltual 

interference., The last demand ie adverse to the necessity to 

contain tb.e electron bunch as compact as possible which is 

required. for the accurate coordinates determination. The con­

troversy could be escaped it either one microehannel plate 

w1 th curved chazmels or the chevron staek of two straight 

channel microclumnel pl.ates with virtually no gap between 

them is used as the multipl.ying element 'in the detector D. 

The described basic module wou1d be multipurpose and 

woul.d provide the pos11ibili t7 to determine the moment and the 

position ot the foil penetration poi.nt by ENA as well as the 

number o! the em:1 tted electrons. Combining and cascading 

such basic modules and/or their elements, the instruments of 

different comple:ld ty could be designed. 



 

!lMil ~ id~ @t the proba.bl@ schem@ of the 1:EW~t 

tor D.l iuag:i:ng is depleted :la .fig.J. fbe sc.b.0M rsfi@t-r~fl ffl 

a'tteapt t@ utilise the majorif;y of the potential oppex-hm:ities 

tor ihe DJ. idtmtifieai;ion and: imaghig" !he instrument looks 

~etl::iar complex aud0 perhapa, toe redt.mdt:m:t and m&.J' 'be aim,,, 

plitied to aome elrtmt. Further ,experi.menteJ. atud:, et -;he 

~tom/:toil interaction is needed to determine which simplifi­

cations could be madeo The scheme ot the ins·trument in 1 ts 

IIC8i powerf\\l Te.rsion, as sho,m in fig.J, is very helpful to 

describe the idea of the proposed technique. 

The light baffle (about half meter long) defines the 

field of view of the in.etruwmt which may be approximately 
0 

15. ~his implies that tor the imag:l.12g of the area around the 

Earth with the diameter of 105 km ( 15 RE' ~ - the Earth ra­

diws) the spacecraft is to be situat ed at the distance 

(3-4) 105 icm_ and the spatial resolution of the neutral emit­

t111g region ( 1 ¾ 1' 1 Rz ) requires the angul.ar resolution 
0 0 

better than ( 1 'K 1 ) • 

!ha denecttcm ayatem (DS), either of eleetroet,attc or 

permanct magnet 't7P8, awaepa, plasma electrons 8Jld ions out 

from the de-tectil:ig eaaembly entrance w!l.ndow ( 2-) em in diame-­

ter). 

!he neutral atom passes through th~ nuclear track filter 

(BU) [ 5, 7 J or protectiw film (PP) [ 6 J O two thin foi.ls 

:,1 and 1'2 tm4 t:tnall7 1• detected. by »5 ., The nuclear track 

.filter or protecti n Ulm. would. ser'ft to improve the atom 

n.ux (a:lgnal,) to baclrgro'tmd UV photcin flux (noise) ratio :ln 

'the deteotiDg &GJl!embly. J.nothw wa7 to protect the detectt.Jlg 

eaeeably from the supti"ior UV photon flux is to install the 
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shield in t hebaffie covering the s olio. angle, where the active-• 

ly emf. tti ng geocorone, ( f or t he case o:f t he Ear th) is eonta.ined., 

The uee of the protecti v·e :fi lm puts t h e lower lim:i.t on the 

energy range of the instrument and perturbs both the at om 

energy and the tra j ectory~ The nuclear track fil t er does not 

affect approximately 10 % of the atoms but the other 90 % of 

the atoms penetrating the bulk of the filter materiaJ. are per­

turbed in a way similar to the protective film, though may be 

to a far greater extent, since the nuclear track filter tb1 ck~ 

ness ( 1 ..... 2 pm [5, 7 J ) is far greater than that of protecti Ye 

film ( Oo 1 pm [6 J)., It should be noted that electron emissio:n, 

from the nuclear track filter surface may help to distinguish 

between atoms passed through the holes and the bulk ot the 

naterialo 

Four electrostatic mirrors pick up, accelerate end 

transport isochronously secondary electrons emitted from th :a 

foils to the detectors n1, n2, n3 and D4• The following va­

lues are measured: 

- the pulse heights (.A.1, .... , A5) from ee.ch detector D~ 

- the positions ((x1,y1),(x2,y2)) of the foil penetration 

points by atom; 

- the position (x3~y3) of the poin·t where a.tom arrived at 11,< ~ 
J 

.., two time intervals 1: 1 and 1::- 2 corresponding to t he 

times of !lights between the foils and the second foil and 

the detector n5• 

If one assumes 64 A 64 pixels spati al resol1rtion for 

the detectors n1 P 64 pulse amplitude levels 1 and 128 channels 

for both 1: 1 and 1::-2 measurement, then each registr ation 

ot the event (ENA arrl val) would produce as much as 100 b:1.ts~ 



 

It is obvious that :for even modest count :re.+,es, say 102 s- 1 

the l.nformation is to be treated and compressed before the 

transmission to the Earth. 

The instrument utilizes easencial.ly coincidence mode. For 

the event (ENA arrival) the pulses from all five detectors 

D1 must correlate strongly in time and~ moreover, the coor­

dinates measured for the input and e:x:it surfaces of each foil 

must correspond to each othe.:r. Such multiple coincidence 

technique eliminates virtually any random coincidences even 
- -, 

in the presence of superi our UV beackground L 4, 5, 7 J . 
The coordinates ((x1,y1),(x2,y2),(x3,y3)) provide infor­

mation on the initial. velocity vector direction and the scat­

tering in the foil; the pulse heights Ai_ - on the numbers of 
,-,... 

electrons emitted from the foils; and the time intervals 1.... 1 
~ and t.,;. 2 - on the atom initial velocity and the velocity 

(energy) loss in the se$ond :foil. 

The neutral atom mass, energy and velocity vector may be 

determined from these measurements. The direction of the ve­

locity vector may be deduced in such a way only if the scat­

tering o:f atoms in the foils is small. This is true for rela­

tively high enel'gies of atoms ( the "higrness" of the energy 

is determined by the desired accuracy of the velocity direc­

tion deterrrd.nation). For the realistic conditions the energy 

of several dozens keV is not "high" enough. The ::::;As wi t:i:1 

such energies a.t"e o! the most interest for the proposed ex­

periment. 

If E!Us scatter too much in the foils, the coded aperture 

technique could be used. The special mask M consisting of the 

holes and opaque material. is installed at the entrance of the 
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i.Dstrwnent ( fige)) • The image, formed by the ENAs at th.a sure, 

faee of the foil :,1 is registered by D1 and/or D2• The d:istri­

bu.t:i. on of velocity vector directions could be de.rived :t't-om 

t he stored image by the special postprocessing procedure. Ob­

viously this technique, being implemented in the instrument 

for the study of the neutral Solar Wind [ 7 ] I) coul d i mprove 

drastically 1 ts qual1 ty by providing the opportunity to me­

e!BU.re the neutral atom flux angular distribution. 

Though the coded aperture technique was used a number of 

·y;.f.mea i n space end laboratory experiments (e.g. [ 13, 14] ), 

it still oannot be called well known or widespread and will 

be desoribed in more details further. 

Coded aperture. Principle of operation 

To overcome the problem of the ENA trajectory defiection 

i n the foil and to retain the instrument ability for imaging 

(;) f such atoms, the use of the coded aperture is proposed<> 

:rn this paragraph some information relevant to the coded aper­

t ure technique is g1 ven and the next paragraph shows how in 

practice the aperture pattern may be designed. 

The most obvious way to obtain an image of the object in 

particles which cannot be controlled (by mi..rrors, elctromag­

:tLetic fields etc.) is to use the pinhole camera., This is the 

ce.ae 11 tor instance, .for ~ -rays and hard X-rays as well as 

f or DAB .. The greater :l.mage spatial resolution, the smaller 

;;d.nhole diameter should be, and the speed of image .forming 

12iystem may not suffice to produce an image of the desired 

quality. Such si.tuation is rather t::rpiceJ. :tor space experi­

'@Qnts and magnetosphere :f mag1ng in ENAs is not an exception. 

~Po overcome the pz:-oblem, the signal integration may be applied. 
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If one produces simultaneously N images with N pinholes, for 

superimposed composite image the (N) 1l 2 improvement of the 

signal to noise r,atio may be obtained. 

Two possible approaches e.re to be outlined. In the first 

one the number of not overlapping, distinct images is formed 

by N pinholes and these images a.re then added to produce the 

image of the object. Though this approach was successfully 

realized in [ 15 J for as many as 85 pinholes, the further 

increase in the pinhole number becomes troublesome. 

In the second approach, the images formed by N pinholes, 

mix (mul tiple:x:), superimpose (not matching each other ~ ) pro­

ducing the meaningless and not recognizable at first glance 

picture which must be unscrambled by postprocessing in order 

to obtain the image of the object (fig.4). This multiplex 

image approach, pioneered in [t6, 17] , is called the coded 

object 

l 

coded 
aperture picture 

V 
exposure 

post proces­
sing e:rra.y 

reconstructed 
object 

R 

post processing 

Fig.4. General scheme of the coded aperture technique. 



 

apertm-e one, and may be recomended when bigh-reaol-ut1on low 

photon (par'ticle) bu.dget photographs (enagraphs) are deld..red. 

For the iiJake of complicity the application ot the ... 1m11ar 

teel:mique tor one--dimensional problems is to be mentioned, 

where both the spatial mul.tiplerlng [1s.19J and m1lt1plex-

1ng in time [ 20 J e.ra used. 

Now let us consider the two-dimensional imaging teclmique 

corresponding to the scheme shown in fig.4. 

The object forms the multiplexed image through the coded 

aperture mask on the sensitive surface of the recordi.ng devi­

ce, e.g. position-sensitive detector. The digital image is 

then postprocesaed with aid o:t computer to obtain the recon­

structed object picture. Let the two-<Umensionsl array Ore­

present the object, A - aperture and P - recorded picture. 

Then 

P • O*A. + N ( 1 ) 

where m = the noise and * denotes the correlation operator. 

The coded aperture is the certain number of elementary { as­

sume equal) holes in certain places and A is two-dimensional 

bin&:-y array with elements equal to unity for hole (transmis­

sion) and to zero for the opaque ma.terisl.5 

The uae ot the Fourier transform to derive O .from ( 1 ) 

is not beneti c1.al since smaJ.l terms in Pourier trans:torm. of A 

would prod1J.ce th~ noisy reconstructed image [ 21 J • The ano­

ther approach is to obtain the reconstructed image R b-y the 

convolution of P n·th the postprocessil'l8 bi.nary arra:r G (see 

&og9 [13,21 1 22]) 

R - i-o. o•(A$G) + N•G. 

It (.l$G) is a delta function, then 



 

a ~ 0 -t- NllrG 

and the reconstructed image equals the object O in the ab­

sence of the noise ( N = 0 ). 

The qual.1 ty of the imaging system usually is described 

in terms of the point spread tu.notion (PSF). The PSF is a re­

constructed image o:t the object (the system "output"), for the 

object being delta !Unction, and is equal to the correlation 

of the aperture transmission :function with the postprocessing 

function (A*G) in our case. Even in the absence of the physi­

cal noise N, the image reconstruction with the correlation 

postproceasing is prone to the artifacts or inherent inaccu­

racy, as it was sometimes called, if PSF is not equal to the 

delta fwiction. Therefore the trick is to find such aperture 

and postprocessing arrays, that their correlation be as close 

to delta function as possible. 

Simple qua.l.i tati ve considerations may prompt the direction 

of the search !or the desired arrays A and a. If the distant 

star-like object (any object may be considered as the sum of 

star-like radiating sources of di:tferent intensities) illumi­

nates the aperture mask {array A.), its image at the detector 

plane will be similar to that of the mask pattern i tsel.f. Ob­

viously, the correlation of this image with the mask will show 

the central spike and sidelobes. But this correlation is the 

autocorrelation of the array A. The ideal case would corres­

pond to sidelobes equal to zero. At lea.st, they should be as 

flat as possible; then the image could be reconstructed by al­

lowing for this de level {pedestal) after postprocessiil.8 pro­

cedure. The random arrays must have the desired quality: due 

to their intrinsic randomness their side1obes would be rather 



 

flgto lli. aucb arrays 1 ie 2md o~~ are situated rru:i.doml7 aoo. 

c~upond to th• holes and opaque materl.al .reepectivelye 

In the :tt.rst applications ditf erent types o:t random. ~aye 

were Wiled fa&> the aperture coding defd.gn [13 9 ,6" 170 19,22] , 

but PSJ's ~ not i.deals, though the aperture arrays were aub­

jeoted ewn to computerized iterative improvement process 

[1,] o 

Uterwarda few array types were found, for which PSF is 

delta tu.netion or delta function plus constsnt (de) level 

(pedestal) depending on the type 0£ particular G array. One 

tJ'P9 ot the arrays is the so called non.redundant arraJ'S 

(NRA.a) ( eog., [ 2) J ) ; their autocorrelation (A*A) consists 

ot the central spike and sidelobes perfectly equs.1. to unity 

out to some lag end either unity or zero beyond that. This 

mee.ns 0 that 1.f one considers all possible separations bet­

ween holes (1.eo 1 's) u A, one finds that each separati.on 

is occu.red only once, i.e. they are nonredundSl'.!t. 

The major disadvantage of NR.Aa is that the ratio of the 

number ot holes to the total number o:f array elements ( trans­

m:lssi011 or throughput) is very low • .ilthough their nom-edun­

dancy make them ideal for the design of the systems where the 

number of the aetive elements (holes in our case) is to be m:l.­

nimi.zed, as u the case" tor instance, for the very l.arge 

a.nay oont1.gurat1ons in radio astronomy [ 24 J ., 
Another class ot arrays with good PSF and high {0.5) 

transmission 1~ the so called unifo.rml.y redundant arrays 

(tnu.s) suggested first time for the two...a.imensional. imaging 

in [ 21] o In such arrays the number of times that particular 

separation occurs is constant regardless of the separation 



 

di stance. Although the arrays are redundant, but they are 

uniformly redtJlldant. Autocorrelation for such an array would 

be the central spike plus de level. For the illustration see 

the figure 7 and figure 8 (explanations further in the text) 

where URA and its autocorrelation are shown cor.reapondingly. 

If the URA is correlated not with itself but with the 

ar~ay G with elements 

G(i,j) = 1, if A(i,j) = 1 

= -1, if A(i,j) = 0 
( 2 ) 

i.e. all zero elements in array A are changed to -1 1 s to form 

the array G, then the PSF improves drastically. The correla­

tion of A with G gives perfect PSF, i.e. delta fw1ction (more 

precisely delta function multiplied by the number of the holes 

or 11s in the array} with zero sidelobes. The use of Gin the 

form ( 2 ) was suggested in [ 22] and such postprocessir,g 

was called general. mismatch scheme. For the more general case 

wb.en the aperture throughput J> di:ff ers :from O .5 9 the perfect 

PSP could be obtained it array G with elements 

G(i, j) = 1 , if A.(i,j) = 1 

• -J/(1-J), it A(i,j) = O 

is used. This tecbnique was presented the first time in [21] 
and called bal.anced correlation method. 

The URAs seem to be an ideal choice for the aperture 

design fo!.' coded aperture imaging since they provide perfect 

PSF, bigh throughput and make feasible the reconstruction of 

the object without artifacts. It should be noted here, that 

even in the absence of physical noise ( N = 0 ), the noise in 

reconstructed object R would be present due the statistical 

nature of the detected flux. This question, as well as the 



 

the questions of the a:1.gnal to noise x-ati.o i; o:ptima.l mask 

transmlasicm J> , tomograpld.cal opportunities were eO?Url~ 

dered in detail fQ'f' mu. implementation and applicatiou in 

[ 25 .. 21] • 

~he compar:taon ot the coded aperture teclmique with the 

pinhole camera was performed in [ 21, 22, 2~ • The main conclu­

sion is that the coded aperture technique is more effi.c:ient 

for the imagi~ of the star-like objects. For extended objects 

(and magnetosphere represents the object o! this type) their 

performances become equal.. Nevertheless, the application of 

the coded aperture techn:ique for magnetosphere imaging seems 

to be beneficial due to the opportunity of simultaneous ima.­

gi~ in both "high" and "low" energy EN.ls by the same instru­

ment. Enagrapha for "high" energy atoms could be obtained 

w.1 th.out the use of the coded aperture, since ENA initial. tra­

jector:, may be accurately reconstructed. The greater is the 

instrument sensitive area and correspondingly the signal, the 

better enegrapba could be obtained. For "low" energy ENA.s 

either coded aperture or pinhole camera should be used. For 

the latter case, the instrument sensitive a:rea would be dra­

matically reduced resulting in very low efficiency of the in­

strument :for "high" energy ENAs. That is why the instrument 

with the coded aperture seems to be very attractive for mag­

netosphere imaging in ENAs, both "high" and "low'' energy ones. 

It sboul.d be noted also that the majority of the perfor­

mance assessment tor the coded aperture technique we-re per­

formed for the star-like objects and extensive computer simu­

lation is still needed tor the extended objects of expected 

magnetospheric types. The question of the reconstructed image 



 

artifacts caused by imperfections of the coded aperture mask 

ma.nu!acturi11g, being recognized as a very serious problem 

[ 20, 28, 29 J , also requires the detailed computer simulations. 

Coded aperture. Design 

Let us consider briefly how the two-dimensional coded ape­

rture pattern (UR.A.) could be designed. The detailed descrip­

tion of the procedure may be found, for instance, in [3o]. 

Let the dimensions of the array be N1 x N2, N1 being the 

number of rows and n2 - the number of columns. It is necessa­

ry that the total number o! URA elements N0 = N1 x N2 can be 

expressed as 

No :a 

where URA dimensiones 

ger, relatively prime and greater than 1. We costruct the 

array with N1x N2 = 31x 33 = 1023 elements and k 1 = 5 and 

k2 .. 2. 

The URA is constructed by the generation of the one-di­

mensional pseudo-random sequence of the length N0 and mapping 

it in a proper way o:i. the two-dimensional array. The tech­

nique to generate pseudo-random sequences and their charac­

teristics a.re described in details in [ 30,31] • ihe pseudo­

random sequence 9u,a1, •••• ,9N-0_ 1 ia obtained from e primi-

tive polynomial h{x) o! degree m = k 1 • k2 • Poz- m = 10 the 

primitive polynomial. is h{x) = x 10 +x3 +1 and the correspon­

ding linear feedback shift register is shown in !ig.5. The 

nonzero initial register state is necessary, the register 

to be started up. Assume the initial state o! the each ele­

ment of the shift register is 1. The sign~ denotes addi-
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Hg.5. !h• linear feedback ahi!t regi ster correspond:lng 
to primitive polynomial h(:x) = x ,o + ,r3 + 1 e The 

sign EP denotes addition mod 2. 

tion mod 2. 

Uter the pseudo-random sequence is generated, it should 

be mapped on the N1 ,c N2 array. The procedure of the mapping 

is shown in .ttg.6, where first 200 (of 1023) sequence elem­

ents are positioned. The upper left corner (marked by small 

diamond) corresponds to the array element ( 1, 1). The mapping 

is begun :1'rom this array element. The direction of the map­

ping ia shown by the solid line. It will end in the lower 

right element. Each time the sequence element is mapped, the 

nu:abera o! row and column are incremented by 1. While incre­

menting, the numbers ot row and column are considered by mo­

dulo • 1 aid »2 correspondingly. This means that when the 

nu.zbar · ot 1he row (colu.nm.) reaches its ul.timate value N1(N2), 

the next array element, where the sequence would be mapped, 

will ha-n 'the nU.llber o:f row ( column) equal 1 ., 

Pigure 7 pr••enta the resu1t1ng URA .. The blackened 

squares corre•pond t• o•s and white ones (holes) to 11s. 

~hi• array autocorrelation !unction is shown in fig.a. 

the height ot the central spike is two times greater than 

th• ,erfectly flat sidelobe• - pedestal. For balanced cor­

relatton, .uch arr117 irorldea perfect PSF w1 th zero eide­

loN•, watch 1• ah.Mm in tig.9. 
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The sequence of the mapping one-di~ensional 
pseudo-random elements on two-diLensional 
array. Upper left corner (mnrked by the dia­
mond) is the starting point a..~c corresponds 
to array element (1,1). Only first 200 ele­
wents are presented by the solid line. The 
mapping will end in the lo\·:er right corner. 
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Pig.7. Constructed two-dimensional uniformly redundant 
array (URA). Blackened squares correspond to 
0 1 s and white ones (holes in the mask) to 1's. 
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Pig.8. Uniformly redundant array autocorrelation function. 

~:entral spike is two tines greater than perfectly 

flat sidelobes. 
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l'ig.9 • .Ideal point spread tu:nction ( zero aide1obu) 

o~ mu. baaed imaging system with the us• of 

'balanced correlation technique. 



 

Summary 

The experimental poseibilities ot planetary magnetosphere 

itJ'lflg:fng 1.n ENAs are considered. The potential science return 

ot au.eh an experiment is emphasized Wld relevant instrumen­

tation is discussed. The magnetosphere imaging could be per­

formed on the bas.is o.t tht, developed time-o:t-.tlight technique 

With the use of thin .foi1s and mlcrochannel plate detectors. 

The application of the coded aperture technique is proposed, 

some relevant information on thia technique and the principle 

of the aperture pattern design are presented. 
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