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Telescope resolution enhancement through the pupil
Segmentation

Pluzhnik Е.А.О,Ь, Balega Yu.Yu.o, Vasyuk V.А.О, Maxirnov А.F.О

Nizirrlii Агkltуz l}57147. R.ussia

Surnskaya str. i]5, Kltarkov, 310{]22, Ukririпe

дЪstr.асt. Ехрегirпепtаl results of t}re pupil segrrrentation at the SAo 1 trl telescope аге pl,e-

serrted, It is showrr that ЬУ using tlre segпrentatiolr Systern the angular resolutiorr c:an Ье ilпргоvеd

at the sites with average seeing conditions. Using 10% of thе best selected shоrt-ехроsuге images

and tlrеiг subseqr-rent t,ec:entei,ilig, in-iages of thе binirly star, 7 vir were obtained with а resolution

of 1."9 urrder t.he 4."|l seeirig. arrd [l ,"|] uпdег tire 1."1 seeing. It, is shor,vn tlrat, t,hе ac:quisit,ion of

сlоггеiаt,iоtt futrctions 1Ъг the рuрi} segrrlerrtatiolr systепr lvit,h ап optitnutrr sr:lected sub-pupil size
'yic:lds highег sigrral-to-1rots" r,atlo itr att inrage.

Кеу wоrds: Instrurneritatiorr: rTrethods higlr гesoluriorr irnaging

" Sper;ial Astгoplrvsical ОЬsеrчаtоту of tlre R.ussian AS,
0 Astrollomical ОЬsегчаtоrу of the Klrarkov Urriversity,

Receitlt:d October |i, 1997; г,l,ссерtеd NочепlЬег 10, 1997,

1. lntroduction
lrr t lre optical геgiоrr о1' t}re sресtгuпr thе collstl,aitltb
сlп t}re аlrgulаг гesolutiotl tlf astrottomical оЬst:гr,а-

tiotts аге rlrie tci the tэluгr,illg anci nrotitlrt of irrrages
caused Ьу distoгtiolrs oi't}ie rval,e fi,ottt in thе tuгЬu
leltt a,ttriosphere atrd Ьу t|re iпrрегfесt telescope tt,ack-
ilig. T[re tirtte sc:ale of the phase fluctuations of the ор-
tic.a] lvave lies r,l ithin 1-50 rrrs. If the ilnage motiolr is
corrtpensated. t}re апguiаr t,c:solutiorr of the telescope
iiгst gгсlrчs witlr ilicгeasirrg its cliarrret,et, D. гeacLririg

а trlaxiгtturtt at Df rg = .].7. rvltеге r,o is tlte Fгiсd
раг:rrttеtег сlеtегrпirriпg tlre state of tlre atttlospltet,e
(l"гiеd, 1966). As D is firl,thel increasirrg. thе resolrt-

tioti decreases. Тhе irrrage of а point sоurсе produced
Ьу а Ialge-diaшieter telescope is Ьlurrеd irrto а spot
)/19 irr size.' Tlre гc-,solutiort t:irrl Ьс iгrrргочеd tLrI,ouglr seIectiorr
rl1' t lit: llcst, sltогt exllclstt t,. itt ra8.,s (,oliiieql]PIlt,ly SuпI-

trrillg tltetrr lrp. 'J'}ie pгob;rllility of obtainirrg the dil,
Ггarc:tiori-lirllited iгпаgе'quаlitу at. Df rg ) З.5 is deter-
rrrirlt:rl Ьу expt,essiotr: РгоЬ- 5.6 ехр[-0.1 557 (D l rg)2)

(Fгiеd. l978).It also сlгорs Гаst ц,ith rric:r,easing Л/rц.
Гоt, iltstarlc:e, iГ 10% of tlre best, irrrages at,e selec.ted

a,ttd геduсеd to а (:olllllton 1llrotocetrtel,, al Df rp1 : |l

t}re t}reol,etical gain in геsоlutiоrl lvi11 tlren Ье equal
to 3,1. while at Dlru - 10 it ц,ill Ье as low as 2,4

(Hequet and Coupirrot, 1985). Гоl lalge instгurrtents,
Dlru>10, the ргоЬаЬilitу оГ firrililrg irtt irtagcl r,vitlr а.

t,esolutiort 2-1l tirnes the ачегаgе bec:otlles rregligibIv
lorv.

At, t,he ВТА site, rб is r,аrеlу очеr 10 crrr (this
tlоггtlsропds to ry1/' r,esolution), That is ,uvily, fot, tlre

olltiIrtutll applic;rtiorr of tlre selectiott and гесеtttс:r-

iпg alцoгitlilrrs it is ц,oгtlrrvIrile to split the etttгattc:e

prrpi1 оf thе teIescope into individual segrrents, d=lt()-

'1() crrr irr size. fог lv}ticli а tttaxirltutTt t,eso]tlt,ion ,,atr

br,: ac:hieved, Expeгilrrents ,,l,ith t.[re appIicatiorr of а

pupil seglrierrtatiotr svsleIn rчеrе fiгst dorle wit,ir the

3.6 rrr telescope СГНТ (Ilalvaii), u,}rich derrrortstгat,erl

the possibrlity of irnprovirrg the resolution Ьу а fасtог

of 2-3 as against the classical version of full-pupil оЬ-

sегчаt ions, r,vit }r а srrffi cierLt Iy high li lrr iting rTragTrit r-r de

(-17",) (LеIiечге et al.. 198Е; Sellag et al,. 1990),

Ноrчечег. а пulrtЬег of pгoblelrrs геlаtеd to the: pos-

sibilities of' the telescope pupil segrtlenIatioll гt]IlIaitl

to Ье solved. Fiгstlу, the observations оп the Hawaiiau
telescople lt,ere conduc:t,ed orl t}re nig}rt, wittr ап ехсер-

tiorrally good seeirrg, w}lett r,ц =l]tl 40 t:ttr, Тllеl,еГоге,

the аuthог-. could rtse а srrtall ltuttiLleг of seglttents tcl

bleak tlre l,i.6 rп t,elesclope pupil irrto: eaclr SegllleIlt

\vas соп-Iра],аЬlе п,ith а 1.1 rrr telescolle. At ot|rel ob-

se}ving sites а lагgеr tiutгiьег of subapertures of slrrall

size ц,i]l Ье r,equiled and the efficiency of the t,ec:h-

niqr-re п,ill lle геdut:еd. Secorrtlly, irr t,lre expeгilttettt

сlопе wit}r ttre СГН'Г all ехроSurе of 0,4-1 s was usec],

folloп,ed Ьу the iTrrage fine structure Ьlurгirtg as а ге-

suit of avel,aging. lt is irnportartt to ctieck lrclw efli-

cient the pupil segmentation is at 0.02 S ехроSuгеS)

"freczing" speckle iпrages. Besides, tlre efficiency of

tlle t,echTrique rn,as avaltlatecl at thc СЕНТ aS а l,e-

srrIt of sirrrple surrtrrаt,tоп о{' irrrages foгtrred Ьу, iп-

clivitllral segtrtents. It is basically deterrlrined Ьу ttrr,

recentet,ittg еIrогS. The cclrrelation analysis ittct,eas"s

сlопsidегаьlч the sensitivit.y of tlre rnethod. То геsоlче
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Figuге I: Тhе o7ltzcal layotLt of t,he pttp,tl segmentatioll. sцs[.стrt

the ргоЬlепis trrentiorred, in 1996 r,r,e оЬsегчесl birraгy
stals with the pupil segtltentatitltr s}slenl at the 1 пr
Zeiss-1000 telescope оf SAO. Belor.l,, we pl,esent а de-
scгiption of the optical layout of the ехреrirпепt and
technique, as we]] as the results оf using the pupil
ýe8Il1.1Il,aliorr Г,rг Linarv Slаг inlaging.

2. The pupil seglnentation system

We }rave designed а segm"tttatiotr s_vstetn Гоr, t}re

Cassegгain f: 1З.5 focus o{'thc 1 гп Zeiss-1000 tele,.cclllt,
of'SAO. 1lre орtir:а1 l:ryout of t}ie systeltt is s}torгlr iti
Гig. 1, T}rr: pupil slic:el S, r,vhose pal,alrletcl,s ltatc |_icclt

t,[tclsetl to clptirriize tlre tr.регtuге diarrreter iTr t,esolu-
1iоu (tlte ачеl,аgе value cif rg is 5 спr), breaks up the
telesc:clpe ареrturе irrto 18 segrrteTtts of d = 18 сm. It
irrcot,pola,tes а plarre collvex lens lvith а focal length
of 410 пrrп plac:ed irr tlic: pupil plarie ,"vith а set of се-
tlteiIted'pгisrrts А. В. С, r,vhose angles of t,e{rac:tiolr аге
11'. 18'arrd 21', tespectivelv (Fig. 2 а) . Tlre pt,istns аге
slraperi as t,egular hexagons with а side of 4.5 rпm with
t}rеiг чегtехеs ol,iented tclwards the cetrteг (to reduce

'::ltt,orrratic аЬегrаtiоп). rvirile their bases аrе of oposit,e
oгientatiott_ Тhе pupil of t}re telescope is imaged Ьу
llre ]etts L r,r,ltir а lос,аl lerrgtlr of lJi-t8 пirп. t]пtЫtu-
tlatel_\,,, t,lte segrllelrts irt tlre cetrtral геgiоп аге paгtially
sc:reeried Ьу tlre telescope secorrdaгy mirrог ceil. The
optical elemerrts of the slicer have been lrratrufactured
Ьу E.I. Perepelitsin iп the п,огkshор of SAO.

Tlie photolr cortntitlg television сапrеrа'ГV2
(lЗаlеgа. ;l-rrd Rvadtllrenlio. 1984) hаs а f'огшrаt оГ

2ll0 х 256 ptxc:ls alrd t}re field 10 пrпl iп size. Wit}r
1lre sc;rle 01'i33/pixel this соt,i,еslэопds to ап апgulаr
fic:ld clf' 61'8. T}re rеsегче iп resolutiolr is needed fоr
асс:ttгаtе detei,nrination of tlre plrotocetttгes of iпrages
fогtrrеd Ьу ilrdividual segrrrents.

f)rr tlre sc:[iellie аrе also s}iown:

1) 1Ье field diapbragrrr D placed in t}re telescope

focal plane f to avoid очегlаррiпg of irnages
formed Ьу diffегепt segments;
the filter wheel F;
the television саmега ТV1 and the mirгоr М1
fоr pointing to an object;
the miггог М2 that Ьгеаks the Ьеаm to diminish
the total iength of the device (the optical path
length is 1284 mm);
the microobjective О with magnification of 3.7Х
fог fitting the scale at sliсеr focus to pixel size of
the detectoT ТV2.

2)
3)

4)

5)

3. ОЬsегr.аtiопs and data processing
we саггiеd out l tll tг:lе,ссоре obseгvations lvith th,:
segrrrelrted pupil on N'Iarch 28 and Nlay 8. 191]6. F'.:-,r

the obset,vtrtion we have c:hosen the Ьiтrагу star т Vir,
(р - |'.'3, Trr=2.74) ц,ith the srгrаl1 lrragrritrrdr: differ
елсе. Тhе itrrages rvet,e obtaitted tliгrlrlglr thc iritelfeг-
еrlсе filtег tlf'A)=200A сеrrtсгеd at )=6590А. Т},,,

television acquisition svstell ensul,ed real-tirгie digiti-
zatioTr of 8 Гrаrrrеs реr second. The tirrre of individr-ra]
exposules ц,аs 20 rпs. Duling the N{агс}r and N,{ау оЬ-
servatiorts 5500 and 2000 instantaneous iпtages ,lчеге

accurrru lated, respect ir,,ely,
'Ihe ргirrlагч pгoc:essitrg of t|re datzr iricllr..lecl pLro-

torTrett,ic and 8eoIrIetгic соrrес:tiоtl clf еасh Ггаtttе, Itl

the rrext stage t}re collection оf statistical iTr{brrrra-

tiort lvas performed, which inclr-rded the defirlition о{

positiorrs of p}rotoc.entres of short-exposuI,c, iпrages fсlг

indivic-lual segrnertts, thеiг quality gгading and avet,-

aging of the сепtегеtl illstalltallрtrtts itiragos. As aIt

irrlage qr.r;rlity сritегiоп, а раrаmеtеl, equal to t}re г:r

tio of'ttio ltlw-frequetrcy arrd }rig|r-fi,equen(l.v pal,ts о1'

spatial sрес:truпt eIle1,8y clf image 1(al) was rrsed:

Со= /, dc..,( 1(c..,)l'- Л)

I dr,.,(|l(rл,)|2 - ,\')

I{еге in the integral 1 t}re integratiorl was реrГогrrtеll

(1)
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Figuге 2: а) The pupll slicer соп,figurаliоп,,
Ь) thе ll'iпаrу star image obtained шilh lhе pupil segmentatiolt systeln: lh.e dеlегiоr,аtiоп clf th,e tmages 1lroduced
Ь'У the СеПtrаl sеglпепts is dtLe !,о цlartial оЬsrrtтаl,iоп r,,f t,h,e lleam. Ьу the lelescope secort,dary m.iт,r,оr,сеll.

tvit h l,e,silect. to fгt.tlttencies below t}re cut-off fгeqrrerl-
r:r., t-,{' tlre attrtosphet,e ч < 2T)f r0, in the irrtegгal
2 lvitlr l,espc]ct to fi,equencies )/rб < L, < '2T)l l
and t.hе аче],аgе valrre of l1(-)l' at fi,equencies :rbove
t}ie segtTrent c.rrt-off frequetrcy 2T)/d gives the rroise

роr,чег spectt,uпr estirlratiorr N. T}re offsc.t r. betrveett
tlte tп,о irrrages i1 (r.) arrd i2(r) is deterlrrirred fгоrл the
c:onditiorr:

!1, \ J, d-\ |111с.:) + 12(cu)exp(ir,,,"")l2-
'l .l | - |a".,11lril'..,; * I2(c,l)exp(zr,.,r")l2-

_дir - i\z)
rr - 

i')l
,rt -.rz) 

\L,

rvltc1,o the irrdices 1 and 2 rеfеr to the first and second
irttages, гespectively. As compared to tlre usual ге-
centering. suc:lr аlgоrithrтr takes irrto ассоuпt the fiпе
stгttrll_urе of instantaneous iTrtages. lГо dеtегrпiпе sta-
1istical ргорr:гtiс:s of ilrstarttatreous and averaged irr-
а.gr:,ч. illstcarcl оf tilc 1lat,altteteг о, п,е used tWO рагаrII-
r,let,s tlсlггс:lаtеd lvith it: the diarnetel of а с:iгсlе dб 5

t ltal ,,,ulrT,aitrs Ir;rlj' оГ епегg.r, irr а point, sоuгс. ittra8"
(fог instarrtaneotis images) arrd FWНМ (fог ачегаgеd
i lгl ages ) .

4. Deteгminatiorr of Г9

'Ihe best way to estirnate t}re atmospheгic seeing ра-
l,аmеtег rб is thе cornputation of the wave{i,ont angle-
о1'-.аl,гiчаl stгuсturе furrction, rvhich is deteгrr-rined as
(Tataгslii. 1967):

D,, = (]ar - ,"rl'') = z(|a|2) - 2((а1, cr2)), (З)

лчhеге rr1 atrd а2 аrе the fluctuations of the ачеrаgе
lvavefгclnt tilt orr segments 1 and 2, while г2 = (lol')
is the dispelsion of itnage centet, rrtotiolr. Such esti-
tlra.te is fгее {1,orlr systeTlratic еrrоt,s of t,he telescope
tгackirrg and irtacc:ut,ate guiding. Fог tLre segпrents о{'

t}te sаmе shape, the согr,е]аtiотr furrc:tion of tlre fluct,rr-
atiorrs of w;,r,vefront tilt is equa} to (Tokovinin, 1988):

, , 1 ( ,'
{r.,t.o:rr = .,"-, 1} ) / r1.;rD,(r.*l)rlг.(4)

l,, \lT/ J

iч}rеге 7(r,) = S'-' ,Г Р(r')Р(r'* r,)dr' is tbe аutосог-
lelatiorr of thе sеgгпепt 1,upil furrction Р(г) divicletl
Ьу segrllent агеа 5'. l is t,he чесtоr that c:onneclts tht:

cerrters of sc:gments, Д = #, + fr i, thе Lap}as оре-

гаtог, Dr(r,) = 6,88(r/r,o)t i. t}re phase stгuсturе
furrc:tion (Ггiеd. 1966), arrd segTrrertt pupil {'uncticlrl

is equal to:

{ t 1л5ijс 1,1rr spgIllёllt
P(r,) ={ л "'"^., (5,t

L 0 outsid. l,hp segtltrttt,,

Urrder the assumpt,ion оf I(оlmоgогоч's tuгbulc:nce
nrodel, expression (4) in t[re роlаr c:ool,dinate systelll
(r,0) (Eig. 2) takes tiie fсlгrrt:

f,

((оr.az)) =UJOE1,o-

I
| т(r.0)|,:' + tl

,l

Fог а сliгсulаl, segrnent (tlre resuIt
hexagorral segnrent as well) in the
expression fог ((о1, ct2)) has ttre

nrust Ье close fоr а
case/>d,ac:cuгat,e
fоrm:

/А\З
[;] 

Х

' + 2lrc,os d]- Е rdr47. (6)

ф ,,,2k
((ar, о,)) - 1 2з3)2rо Эt-+ Г "- 

(+ ) (7)
7:, \[,/

whet,e с0 - ft, r,vhile

оь+ 1
(}+*)'(2k+3)

аk -2(e+l)(fr+2)(e+3)
Tlre dispelsion of irrrage nlotion c:ol,гesptltrcling to this
case is

.. .. l _1
(l,r|') = 0.J:J9)'rl-Tr,l ' (8)
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Ехргеssiопs (3), (7) and (8) make it possible to de-

tеrmiпе the Fгiеd рагаmеtеr rg frоm the mеаsuгеd
апglе-оf-аггiчаI stгuсturе function Dg. Note that the
геsult is stгongly dependent оп аЬеrrаtiопs and defo-
cusing of the optical system. The defocusing widens
the point sоurсе image, which гesults in uпdегеsti-
mation of the r9 Рагаmеtеr when mеаsuгеd frоm the
mеап рrоfilе of the stаг. On the бthег hand, the defo-
cusiný reduces the image motion, giving the очеr-
estirrrated value fог rq fгоm the struсturе function
mеаsurеmепt. Тhеrеfоrе, iп-оrdеr to derive сЬггесt r9

value, the defocusing, at which the rб estimates for
these methods of mеаsuгеmепts coincide, should Ье
introduced into the ехргеssiопs fог the mеап рrоfiIе
and struсturе fцnction. In Fig. 3 the experimental and
theoretical stгuсtцге functions of image motion fог а
segment аrе presented. Тhеу hаче Ьееп dеriчеd frоm
the Мау оЬsеrчаtiопаI геsцlts with allowance made
fог the defocusing. The Fгiеd рагаmеtеr mеаsцrеd iп
this way is equal to 3.12 * 0.02 сm and 11.6 * 0,1 сrл
for the Маrсh and Мау оЬsегчаtiопs, гespectively.

5. Statistical р"rореrtiеs of individual
lmageS

In оrdег that final resolution Ье limited only Ьу dif-
{га,сtiоп оп the segment,.the selection гаtе of the пum-
Ьеr of instantaneous images must not exceed 0.026
fot df rg = 5.76 (Маrсh observations) and 0.999 fог
dlro - 1.55 (Мау оЬsегчаtiопs) (Fгiеd, 1978). Тhе
thеогеtiсаl and ехрегimепtаl density distгibution of
the гesolution of shоrt-ехроsurе images obtained with
the pupil segmentation system аrе mагkеdlу different
(Fig. а). Тhе mеаП value of the рагаmеtеr dg.5 is 3{/23

fог the Магсh observatibns and 11|З7 for Мау. They

( lrr,-ц, l')
9.10-1

6 .10-1

з .]_ о-1

18 54 90 ъл

Figurе 3: Th,e еrреrimепtаl (dots) апd the theoretical
(linrc) strчсturе fuпсtiоп of im,age m,оtiоп for цluplzl
d, =18 сm, at rg =11.6 сm шith аllошапсе mаdе for,
defc,ctLstng oj the optzcal system.
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Р (d o.s
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]q d о.ь

Figurе 4: Denslty distributzon of the раrаrпеtеr d0,5

frоm thе series of short-elposure image for D= 1m (1).

0.1Srп (2) (results of mоdеlllпg) апd D:0.18m (er-

реrimепt) (3) at rg= ] ] $gn1

18 54 90 ь*

Figurе 5: Тhе theclretical (liпе) апd erllerlmenlal
(dots) rеlаliопshiцl llеtшееп lhе cc,rrelalion cr,lefficienl

of image mсltiоп (defocusin,g аllr-,шеd f,эr) апd seI)aT,a,

tion r Ьеtшееп the segmelt,ls

аrе 1.11and 1.59 times wolse, respectively, than tire-

огеtiсаl values (21'91 and 01'86) for а sеgrпепt. Witlr
t,espect to tLre full арегturе the rrrеап value r/0 5 is Ь1,

fасtоr 1.08 srnalleг fоr the N4аrсh observat,ions (З1'5)

and 1.54 tilrres lаrgеr fог the obsel,vations conduct,ed

in Мау (0i'S9). The indicated discrepancy between

the theoretical and ехрегimепtаl estimates пrау Ье

due to thе following:

- overestimated Fгiеd radius ro;

- considerable contlibutiorr of tlorr-attrrosphel,ic

factors, in раrtiсulаr, of optical аЬеггаtiопs.
to image distortiorr.

As it is mentioned above, the method we use can

lead only to underestimated values of r9. Тhе irrflu-

ence of the telescope tracking еггоrs on the irlrag-
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FWНМ4;7 FWНМор1
otel
Саlm

Atm. SE
-Ttm.TT-

FWHMsB
-тWЕмI,E

Full pupil,
16=11.6 сm

0." 14
0."65-т7тг

0."67
ll,iъ-

Segmented pupil,
ro=11.6 сm

0."78 0."94*
<0."07*--т7Бт- 0."22-т!тг 1.,00*'--ттБ-

Full pupil,
rо=3.12 сm

0."14
, llq1J. drllm-

.1, Jl
-т.,-зз

Segmented pupil
rо=З.12 crn

0."78 0."97*
1.//81*

L,-qýr-
\."77 ,

-т!т 1."88-тпт

Table 1: Тhе сопtr,iЬ'utiоп of uarious factors to the image resolution for lrlпg (LE) апd, shоrr (SE) ехроsurеs,_

Desigпaterl: the d,iffraction d,ish 1rЙнлrо,,), thе сопl',riЬut,lсlп of l,hе opltc (FWнм"7л), l,hе mеап,,sqчаrеd

ualues of thе atmosllheric image шапdеr (о.rл) апсl telesco1te lrасkiпg еrrоrs (о1"1), the ccln,tributirln of lh,e

аtmоsрhеrе (дlm. SE апd дti. LE), FWHlI jc,T short апd lоп,g ex,POSl.LTeS. Ехреr,imепtаI results аrе тпаrlееd

шith ап ast,erislc. дll rlther чаluеs аrе |heclT,et.,ica! eslLmates,

а)

Figuге 6: ) Тhе ,im,aqe of 1 Vir цlrclduced
|l) l,h.e .sшп. oJ shоrl. еl:рOsurе ,irLages of 1
с: ) lоп,g е:Lр()sllrе lm,age c,f 1 Vlr for 1 m

Ьц lhe segrTt,en,l,at,ioп. systeпl, at т
Vir for 1 lп alterlttre (mоdеI);

аретturе (model),

- 10% апd rg:11.6 сm;

Гigurе 7: Тhе SaпLe as F,ig, 6, btt,l luilh rо=3,12 сm апd т = 3Та
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contгibution of поп-аtmоsрhегiс factors to the dete-
riоrаtiоп of the image quality. Note aiso that fоr fairrt
objects, with the high rаtе ofselection, t}re гesolution
п}ач рIоче to Ье stгorrgly overestirTrated due to t}re

small пuпrьег of events recorded.
In Fig, 9 the ехреriпIепtаl and theoretical rеlа-

tion between the gain in resolution alrd selection гаtс
is shown. One should note that with а high sei.lctiutl
tate the геsоlutiоп gain values mау Ье distorted Ьу,

the егrоr irr the EWHN4 dеtегrlliпаtiоп (especially ГоL

faint objects). The {igule demorrstrates а trig}rer gairr
irr the resolution fоr t}re геаl systern as against t,he

t}reoгetical гelationship at }iig}r enough selectiotr гаtе.
тhе rеаsоп fоr this is thаt itr the absence of selec:tiotr
the real system vielcls а lоrl,ег геsоIutiоп t}ran tLre tlre-
оrеtiсаl resolution, r,i,}iеlе;ls at high selec:tion гаtе the
reso]utiotl approac}ies tirt: сiifiгас:tiоп геsоlutiоп. Гог
thе selection гаtе that еп,iuгеs tlre diffraction tesolu-
tion оп а segment, thе g:rlrr thгоugh seiection is 16а
arrd 1.]З with гаtiо r17г; equal to 5.76 (fi,Iагсh) and
1.55 (N{ay) 1е_чllег.ltir,еlr,. Tlr.. соггеsропdirrg thеоrеt-
i.al 8air,s агс ] j{, :rt,,l l ,,

Tire gairr ilr tIie re,rolution оf thtэ se8nlentatiott.-r,,-
terrr as conrpared to tlre 1lreoretica1 гesolution оГ t[re
ful1 apelture. undet, diftЫent selection rat,эs. is givclr
in Table 2. Note. tiiat duгiпg thе night of good seeing
the relatiorr betrveeti 16, Л ant1 rl decгeased tlie gairr

itr i-s,,lult.tr пГ t}io 5-зtrr-lrrJliult >t'bI*lll ill ,',,lIIl,al'i-
solr lr.it}r t }rc t}reoletiс:al s|rol,t-exp;clst.ll,*: гest,ltrticltr о{'

lht, 1rrr te}esc:ople.

-\]l t}re estiIllates ргеst,пtеd }rave Ьееп obt,airlerl
rTitlr s}rогt ехроsuгеs of 0.02 s. Since Гог tecl,rnic:al

гeasoIls t}tet,e rr,а_ч rro possibility, ot' t:ottc:uггettt tt:scl

Iut,iоп nteasurements fоr the full арr:гtuге, rvc, lttaclt,
suсh estirnates Ьу пumеriсаl modellirtg ullсltэг t}ie as-
surrrption оГ Коimоgогоч's tuгЬr.ilепсе rrtode]. Iri tlre
modelling the }'ried раtаrriеtег values obtairred {l,orri

tlre observational data wс,ге used.

7. Coгrelation signal asquisition
The sensitivity of t}re pupil segTnerrtation is restrictecl
Ьу rесепtеrirrg elrols of s}rolt-exposure itrtages. А-. it
is knorvn, t}re first- anc] t}re secorrd-order соrгеlа.tiоtl
ГlrnctioTts аге iridependen1 оГ the s}Liit of th. ilrllrH-
as а rv}iole. Theref'ore the rtteatt соrrеlаtiс-lп fltll(]tiutIs
do not depend оп tlre cllljeclt rec:errteritrg еггогs, At
thе satrte tirrre correlatiorr functions епаЬiе atl il rrag,,

t,estot,ation (Weigelt, 1991; }'luzhrrik. 1996). At hig}r

selection ra.tes опе can get пеагlу diffl,action liпtitec]
irгrаgеs. Irr tlris case thеrtl is по need to consic.ll,,r tlrr.

rпеаrt optical ti,ansfel functiorl о1' the sуstеrгr fсlг tlr,,,

estirnation of the object's cot,гelatiolt ftitlcltiott. As а

result, the stability of rt:const гuсtiоrr algorithrrls is

increasing. It also follows t}rat for thе resolution о1'

the segmentation systerrr with the согrеlаtiоп signal
acquisition tlre estimates giчеп in thе pгeviu1.1s sc(-
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Figuге Е: 7Де rеsоhгt,iоп Ders'us the select,ioTt rаtе т at
rр1--3.12 сm () апd rg=11.6 сm (Ь).

quality сап Ье estirnated fгоm the dераrturе of rпеа-
suгеd in.age rnotion fгоrп its theoretical values (Fig. 5,
TabIe 1). The corrtribution of optical aberratiotrs iirto
геsоlutiоп degradatioll ('Iable 1) is estirlrated frоrrr
tlre difference in r0 values rесеiчеd Iтоm image rrlo-
tion correlation апd tпеаsuгеd short-exposule tIans-
1Ъг fuпсtiоп.

'Гlrе correlation coefficient d0 5 betlveetr diflerent
s(]8Illents is поt higtreг t"han 0.16*0.02 (Д4агсh obser-
vatiolrs).'Ilris tlleatls that thc segnretrtatiott sl.stettt
rtra1 Ье t:otrsideгed as а set of telescopes орегаtllig lri-
Llepc:rrdently. fог,,чhiсh а11 t}re t}reoretical er,a]uatiotts
of' efficierrcy available iп the pape],s Ь1, Eried (196б)
anci Hequet, and Corrpirtot (1985) ale valid

6. Imaging of the Ьiпаrу star 1 Vir
Irrrirges of tlre Ьiпаrу stаг 7 Vir obtained lvith tlie se-
lection гаtе т-10% (Мау) and 3% (N,lагсh), al,e рrе-
sertted irr Гig.6 and Fig.7. 'rhегеiп аге also givcll thе
.::a]crtla"ted iгrlаgеs fоr tlrc: Гull арегtuге with the rrrea-
sltгtld valuеs of thе Elied parartleter. The sceitrg val-
ied fгоrп FWНN,{ = 4','З for the N{аrсh observations
(1,o = 3.12 cln. poor seeing) to FWНN4 = 1'.'I4 for the
NIav obseгvations (16=11.6 сm. good seeing).

Because оf aberlations, the irrrages fоrпrеd Ьу indi-
vitiual segrrreIIts аге diffeгerrt. This is especialiy рго,
ttclttttсeil 1Ьr iпlrег pupi1 slicer seglnents, п.hiclr аге
rrraгliedly vigrretted Ьу tlre sесопdаrу пtirrог c:ell. The
rlistclгtioti fol t}re геst of t}re segments is likely to Ье
cattsed Ьу tlie inaccurate focusing. Тhе гesolutiori of
сilffегепt segrttents гапgеs frorTr 1'.'19 to 11l68. Росlr-
qrraiit1,, s|,gIIleIlts rчеrе excluded frorrl fuгthеr arralysis.

f'}rc resolrrt,io.n геасlliеd ilr t}re observations оl bi-
IiaI),, '1- \'iг fol different r is shown in Fig. 8. With а se-
lection гаtе of 10% the гesolrrtion is 11'92 and 01/90 for
t}ie N,lаrсh and il4ay observations, respectively, how-
еvег. oIle stiould Ьеаr 1rr rnilrd }rеге а consideгablc:
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9: Th.eoret,,ical (1) апd еT,ретirп,епlаL (2) gazn iп
rо=3.12 сm (а) апd rsl=]].6 сrп (lэ).
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1.1) 1

z ,li)
] Ё9

2.49
1.66

1 1,6 сm
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Full apertule
1.22
1.77

1.з0
, о/ 3.94

Table 2: Gаt'п iп resoltLlion |or thе sеgmепtаtiоп syslenr апd lhr- |чll 1llLptl шil.h, imаgе rесепtеriпg al, diffеrеп|
,eltcltt,п r,ales т-

tioll аге valid. Тhе indic:ated acquisition procedure is
apiplicatlle to fluxes as low as - 2 photons рег sub-
арегiurе for autocort,elation furrctions, arrd - 3 pho-
totls pet" suЬ-арегtuге {Ьг triple-collelation {'urrctions.
T}ris irrсгеаsеs rllarkedlv ttre sensitivity of t}re tесh-
triqLrc:,

As ati exatttple, in Fig.10 power sресtга fol t}re
segtltentation s}-stem and fоr t}re tu1l aperture are
s}torvrt rvith а fluх equal to the total flux fiоm individ-
ual segrrrerits. Тhе sqrral,ed spatial spectluпl of cerr-
t.егесl nort-selec:ted images of 7,Viт fi,оm tLre гesi]lts оf
the N'Iаrсh obseгvat,ions аrе also given. 'Ihеrеiп is also
pгesentetl thе signal/noise rаtiо for the cor,гesponding
polrrclr spectra and the re]ative еlrоrs of the squared
spatial spec:tгlrm of the acc:umulated irriages. Fгоm
thе геlаtiопshiр pleserrted it follows that thе соггеlа-
ticlll sigiral acqrrisitiolr f,эг the segrrtentatiorl systertt.
t,оtrtр а.гесl to t,outitte s1l ecklc. int еrfегопrеt t.у, pгovides
lriglrег sigrral/noise гаtiо in comparisolt with ordinary
acqrrisitiolr, as well as hig}rer signal/noise r.atio пеаг
the atrrrosphet,ic: cut-off frequency. Besides, а highег
sigrral/rroise гаtiо of the segпrentatiott system, both
the сlгriitrа,гч and соггеlаtiче a.c]quisition, шIаliеs it pos-
siliir: tt> esserttiallv iпс:геаtsе the exposure tirrre.

8. Conclusion

Tlitts, as а геsult of t}ris investigatiorr. it is ргасti-
c:rllv showtr that tLre аrrgulаr t,esolutiorr of t}re tele-

scope .ail i,e significarltly (up to 2 tiпres) irrrргочеd
bl, uslгig the pupil segttrentatiotr svstettt ечеп fог the
sites ч-it}l lпоdегаtе seeing corrditiorrs. T}re ехрегi-
пtеtlt_q \\-еге c:alried ()ut ]о ebtinrate а ;lossibility о{

o1ltairring itrrages wit,h this systегп at, t,}re site of В'ГА
telescope, Appiicatiorl of the pupil srэgltlentatic,tr lt
ВТА is probleпratic iri tlre optic:al l,egion (tire opti-
mum size of the sеgrпепts is only 22 сrп under, 2" see-

ing), but thе method is very irrtresting in t}re iпfl,агеd
(at 2.2 дтrl t,he segnrent size is alr,eady 1.1 llr),

Tlre pupil segrnerttation in conjunct,iorr lvith t}re

coгr,elation tec}rniques oc(]upies atr inteгmediate pc,si-

tion betrveen the огdiпаrу irnage acquisition and irr-

terferometric irraging. On the one hand, it ргочidеs
а highег spatial resolution in comparisorr with clas-
sical direct acquisition with thе full а,реrturе. Аlt,ег-
natively, tite possibility of iTrc:reasing t}re exposllгe
time, dect,e:rsing equivalelrt focal length o{'t,he sy,sterll

and widening oft}re sресtгаl range гаisе considerably
sensitivity as against the iпtегfегоmеtl,iс techniques.

Ackrrowledgements. TlLis wоrk was partiallv sup-
ported Ьу tlte gгalrts No, 1.4.1,З arrd No. 1.4.2.4 of tlre
R.ussiart Ec:cleration Ргоgгатппrе''Аstrоrrоmу".
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Figuге -1,0: Тhе sq,uаrеd sl)atial sресtтum of the aaeraged image (1), rhе роuеr SPectTa t'оr,thе Segm,en,lal,i01l.

sysrem (2) апd for the 1 m aperture.(3) апd their assclciated signal-to-noise Talios аlопg tlLe fT,inges of l,he

sресtrum of 1 Vir. Тhе sеgmепt сut-аff frequency чс is shошп. No selection is ap1llied,
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