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.~ *:txt Radon ~~~~~i!i:~i!fj-T~jjiti~H~. ff:$t:., :SJ-frrT~:l:i!i:~
iiZfj;
~1~s xt ~~i!i:~~~ItIJ, Ktlli T~$lJ::'f'~~, IJIJ~T Jt::l:i!i:~~*~1BJc(sobolev 1BJc). ;)\ )

lX, "~~~~*jji!-Fourier ~~i!i!fj- T:SJ-frr, Ktlli T A1*~i!i:~~$lJ~. ~

.*miiJ Radon ~~; sobolev:5!fll1 I,
'" I

= " !'{j -'
~1!I;t~~ 0177.92 :'"~~~

~'~f~1i
) ~.!: t~

iC%: .Q-R" *~Jf-T. &-j!~mf£~fa] ~:,

Ir(.Q.)-(X ~ sobolev ~I'a] S"-n ~~{:!L:E:j{jDj

Radon ~~~Ji~:t£:ttP.:Ei1<:IfJJJ~WJfi, ~ff, gM~~:I!f.~flJiZ~~m, ~:t£e.fl~
i~$Ji~.~, ~fl-~~~~~~~i~fl~~~~~T~.~~. *X:t£~noo~fi7~
~~fi~ .

1 iljItl :i: i~ ~:5(.j Ii ~ ~ * (f"J i:?; pliiJ
§ jf[:;;JX~1151 ~-~iC %:

(t, O)eR' X sn-l, xeRn

Rf(t, O)=Jx.7f=J(x)ds=JR.f(x){)(t-x. O)dx

Rf(t, O)f;}\~f(x)~Radon~~, ~I:).l (t.) iCI(x)~Fourier~~
1 (t.) = Ff(t.) = JR.f(x)e-ix.~dx

R! (t., 0) = JR' Rf (t, O)e- i~t dt

!j!IJfl R! (t., 0) = 1 (t.0)

Sobolev ~fJj]:
W(Q) = { ulue&'(Q), (1 + 1t.1)«/2 .ii(t.)eL2(Rn)}

H«(R' x sn-l) = {g(t, O)lg(t, O)e&'(R'), (1 + 1t.12)~ .g(t., 0)eL2(R1 X sn-I)}

* 1993 If- 10 ~ 4 B I&JJ.
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IIg(t, 6)11~(R'XS"-1) =(2n)-"JI81~IJ:oo(1 + 1~12)alg(~, 6)12d~d()

~m 1 fii!)t
(X~O, .Q={xe R"llxl<l}

I
(1) R: f-Rf ::I: Ha(.Q)-W+2(R' x S"-I)fJf;J~M.

I
R-1: Rf-f ::I: W+2(R' x S"-I)-W(R")fJf;J~M.

(2) R, R ~ I iIS::I:fl Jf.;)f:-=f, ift£1I;.fiC, {t.v.f eW (.Q).Jlt.:V.~~:'A.

..[illfllH"(CI)::;:; IIRfllH"+~(R'XS~-l)::;:;C' IlfllH"(CI)

iif.RJj: Radon ~~fJf;J"RTi!l!tI:::I:~§a1fJf;J. ;Jtfl1~~i.IEt/iYe(2), t/iYe(I)::I:'efJf;JJWjJ(!;JB:.Ye.

j'i::;iif.ft:'A.: 2Ilfll~(CI) =2(2n)-"JRO (1 + 11712)a .11(17)12d17 ',.

= (2n)-".JJ81=IJ:cx>(1 + Ipl2)a .11 (p6)!2 ',.Ipldpd() ,!
.",'I ,. ,.-c

::;:;IIRfIl2W+2(R'XS,,-I) ~:t+.~: :(.,':'c
\--- m~X+-!'- c". \,!;if:

f'j"UL~J;'\,: .I ri!:~
IIRf 1I~+(1/2)(R'xS"-) = (2n)-" J1"1~11171-1{1 + 11712)a+2 .V (17)12 d17 ~i/f;,~

I ""}*"~+ (2n)-" J 1171-1(1+11712)a+2 'V(17)12dn ..
S~1)J"I..I 'f ,~"..¥

."C.'.A'~';i" ),"calc"~ = I I + 1 2 or",""", " coi

~ :i!!

II =(2n)-"JI'I~I.l17I-I..(I+I1712)a+~ 'll(17)12d17::;:;..[i.llfll~(CI)
'.. I

12 = (2n)-"JIIII..II17I-1 .(1 + 11712)a+2 'll(17)\2d17

I
::;:; (2n)-"JIIII..11171-1 .(1 + 11712)a+2d17 .sup 11 (17)12 , l' !

,"",) .". 'l, \) Ie
= C I .sup 11 (17)!2 -, l' -1 "

1'71..1
I

("""n ~.2 .'.J1,,1..11171-1(1 + 11712)a+2d17I\t~) ;~".'IJ .j l; j;

t'F"IfJT~.fi <p(x)eCOO (R")
jJ { I Xe.Q

<p(X) = 0 xeR""",.Q"

!JIll 11(17)1 = IJROf(x).<p(x).e-i"xdxl = I JRof(x).'P(X,17)dx I

::;:;(2n)-"JRoll(~).\j1(~,17)ld~ ::;
", .

" .

I ..

::;:;(2n)-" .llfljH"(CI)<JRo(I+I~12)-al\j1(~,17)12d~)2 '(.

I JJiif. JRO (1 + 1~12)-al\j1(~,17)12d~it:~, ~JC2 iC~t£I17I::;:; IJ:fJf;J&:::km. ,I"

: c.c
.c,,'

$),' 'm',:.I"" ' ,L"-, 
;;: 
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~ C2 ="'2+ (2n)-2IIC, C2 Jj!lj:fi IIRfll~+~(R'XS"-I) ~c211f1l~(n) .

iiF. $ .
;Ji.fl'1~ft~~]f)t sobolev m:fi*J.t:l:PJE? £~:fi~'E£JjJ(!, ~~_5I..£RA~~J.t:l:

m:fi? .:flu L2 m:fi. ;Ji.fl'1rlii*~Ji~J~RA, ::'f'";(j::l£1I;:fi M, ~r~Ji1L:
Ilf IIL2 ~ M .IIRf IIL2

UP:l£1I .IIL2 _51.. r, Radon ~~Ji~Ii1]m£::'f'"~£~.

~.Ii&:fi
I"

( ) = {cos(n~-:-:;2+7) X2 +y2 ~ 1
j" x,y .

0 X2 + y2 > 1

:fi Rf" (t, 8)=2J:cos(np)F=~ ~dp
v p2 -r

fb Riemann-Lebesgue slIt. ¥te[O, 1] limRf" (t) = O~Jfl Lebesgue ~$lJl/:tii£It.
II-'"

limllRf" IIL2 =0
II~'"

ffij ~~~ 11f" lIi2 = ~ tltJ:i! M ::'f'";(j::l£ .JA£It. 1 ~~, ~1-'J. II .IIL2 J.t:l:f B1, 1-'J. II .IIHI/2

J.t:l: Rf ~"tr~~. fb'J~ )
"'211f IIL2 ~ IIRf IIHI/2 .

2 Fourier 1i~i!.i!J::~i~£

j!.M::'f'"~ !f!.Mtl:l:i~e.& it.m**:fil!flffijsl:ts~i~e..1-'J. Radon ~~Ji~~£*Jji!

-Fourier Ji~i!~~j, it~~~.m.r~Ji~i~e..

Fourier Ji~i!~£*J/i.It.~:mM Radon ~~.!:j Fourier ~~~*~~;

Rf(w, 8)=1(w, 8)
j!.M Fourier Ji~i!7}1-'J. r:=:'~~Ji:

(\)

{Rf(tj,8j)}jj -+ {Rf(w, 8j) = 1(w8j}j

(2)

If(w8j)}j -+ If(W'k' W2/)}k,1

(3)

If(Wlk' W21}k,1 -+f(x,y)

m:~~ :x-t.ft*~Rf(tj,8j) *-T t f'F Fourier ~~. Rf(t, 8):fi~~~, ~-T t ~

**¥,*]f)t .$*"tr~? i~e.;'g.*¥,?
m:.::::~ ~~1(w8j) f'f;HffI.¥.~r:jfimli&:fi S(w, ,W2)' ~JWmt!i:~:ili:J/i.Jj!lj.11t.fi, Up

Ii&:fi S(WI ,W2) ~m]f)t.h- (WI ,W2):M::ili:~~~h-~Ii&:fim.

m::=:.~ fb1 (Wlk,W2/) Ji~~f(x,y) .

~m 2 ::g:f(x)e&(R'), h ~*-T x~*;tfljjJ~..Jj!lj
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f(w)-h' i f(nh)e-inhw = ->:f(w-~/}
n=-OO 1..0 h

~~1e~tj£~~i&~~ "
II) 2 00
>: !(w-~l)=h" >: f(nh)e-inhw

I~-oo h .=-'-00

N;i4fft.~Ji.* Ji!C: Fourier ~:fJ(, npm:;t;~,

rlii~f(l1e'E~)¥U n ttf, :(£J1tLiiiJ, jif-;ff*~:i:mRJJ:!cnr:

1J.j~~:i: X=(XI' X2, ...X.)

~~~:i: w T (WI' W2, ."Wn)

:flt-:rg m = (ml' m2, '..m.)

~1I3 ~f(X)E&(Rn). *-T Xi ~*~I'a]~~ hi, i = I, 2, '.'n. ic. xm = (mlh\,

m2h2, '..mnhn), )JIll

!(w)-hlh2'.'h.>:f(xm)e-iXmOl= ->: !(WI -:-~/I' ..., Wn -~/n)
m 1..(0,0, """,0) hi hn

~1I4 ::t;g(w)E&(Rn), g(w) ~f (x) ~ Fourier ~~, *-T Wi t'f;fm/SjVj7o; hi ~*

~, (=1, 2; ic.wm =(m]h], "., m.hn).)JI/l

f(x)-(2n)-n. h]h2..'hn>:g(wm)eiwmx = ->: f(xi -~ hnl], X2 -~ hn/2' "'x.m 1..(0,0, """0)

-~I )h n

~JJ! 3, ~JJ! 4 ~tj£RJJ~fCl~JJ! 2, :(£J1t}.A~,

:(£1:), r~i-titqt, 1I1lti
-I

(l)suppfc.Q -T~Rf(w, 8)E&(R ), ¥8E[0, n)

(2)!!{!~~/l\~:fJ( 8>0, :IfJt~~~ b>O, ft >: IIRi(w)IIL2iil~7'10I1> <8 ¥8Ji!C::)[..
1..0

~qtII = [- (21 + I)b, -(2/- I)b].

1E-T!(wl, W2)E&(R2)~Ri(w, 8)E&(R'), ¥8 fiJrl:)'1I1lti(2)~~m~.npj!~~ b ~
tf.:(£~ .

5t'ffrJi~~~-:$-.

jifRf(t, 8)*~1J.j, jif-T'fu:1-~j*-Tt~*~I'a]/SjVj:lfJtmh=~, 1:),

-~ ) _{rh' iRf(nh,8j)e-inhWlwl~b Rfl (w, 8j -.~-oo

0 ~'E
:i5:fClRf(w, 8j), 1!:I~JJ!2. 1~1,~bRof~i~~7o;:

-2nE(w, 8j) = ->: Rf(w -- h I, 8j), Iwl ~'b
1..0

";

-.
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..' H~, (J~bIE(w, lJj)J2 .Iwldw)~ ~e, ~ IIR/I (w, lJj)-Rf(w, lJjIIL2(R2'lwl) ~..[2e

~ 5J-;tfiJii:K~m-=~:

I!1T suppfcQ ;t({M~JJ. 2(shannon), ~7Jii:K

~~~, .f!.~:(£~~(WI' W2) J::.*TWI ,w2 WffraJ~

~ n ~JIjt~DP"itJ .DPB~ll (w,Oj)J= 1,'" N )jt1'I3Jie

~ n ~t&-=fg(Wk,W21) J::~l] (Wlk,W21) !:(!.~~m 1,

tt"jlf.Jjjf!l!ljffl:Jim~Ji S(w] ,W2) *jlf.fc)j (w] ,W2)'

/!II **$,#./F~~ S(P) = S(W1k' W2J) = 11 (lJ)

js(p)-h(p)1 =Ih (lJ)-h(p)l ,; .:,"' .1

~ I Relfl (lJ) -h (p»1 + I Imlfl (lJ) -h (p»1
-'

~ M lL\lJ/ + M 2b ' 2L\lJ
I'T 2' sm 4

~~ [IO(Reh ) 1 IO(Imll ) /JM I = max + "
(w, l1)e[ -b, b)x(O, K) olJ olJ ft

M = max (I~~l l +.I~Q~ll )2 (w, 8)e[-b, b)x(O, K) OW I Ow I

;}xfn7ff:
II - II -r-- (I L\lJl ' 2 L\() )S(WI' w2)-Rfl (w, lJ) L2 ~vnb TMI +2bsm 4.M2

Nit.~: ",;

IIRfl -Rf IIL2 ~..[iii: e

iC: i

g(wl, W2)==S(WI' w2)-1(w], W2)

'- -r-- L\lJ .2 L\lJ r;;--
I1=vnb(T.MI +2bsm '4.M2)+v2ne ! ,'"ii.

!l!lj IIgIIL2(R2) ~ IIS-Rfl IIL2 + IIR/I -R/IIL2 :~ It~

~ ...rn- b ( ~ M I + 2bsin2 ¥ .M 2 ) + ..[iii: e = PI -:1~ ~~ :1;\)

, ,
5J-;tfiJii:K~m-~~: I t;k
jij"S(WI' w2)ff Fourier Jii:K, jlf.fJ:).)jtf(x, y), 1!1~JJ. 4"itJ~ -

1 -.
f(x, y) =4 ~f(mn, nn) e"'(mx + ny), (x, y c Q)

mn

ff jlf. fJ:). ~ Ji .
f'(x, y) == ~ ~S(mn, nn)ei"(mx + ny).(x, y)eQ

mn

!l!lj:

fi~'--- f= ~ :g(mn, nn)ei"(mx + ny) ~ F.-lg(X, y)
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t{(
!If'-fllu ~ IIF-1gIIL2 = IIgllL2 ~'1

liffi, ;JJCf(]RJL:).:xti!lltl:l:i~&.:fJ1itW~&.tF~1t~~, !;J.~:IfJt d= 0, j£fi~1m.

~~:x:tt
1 Papoulis, A. The Fourier integral and its applications. MCGRM-HILL Book COMPANY, INC

1962
..,

! 2 Ludwig, D. The Radon transform on Euclidean spaces. Comm.Pure Appl.Math., 191966: 49-81

, 3 ~uinto, E. T. Tomographic reconstructions form incomplete.data numerical inversiom of the exte-

~ nor Radon transform. Inverse Problem. 4 1988: 867-876

4 Bey1kin, G. The inversion problem and application of the generalized Radontransform. Co~. ~

Pure & Applied Math. 37 1984: 579-599

5 ~~9:. ~~~fJ&7tJ:-T51i'e(J:PsFr). ~tJj{, ff~lliJ:&*:I:, 1986:76-170

ERROR ANALYSIS OF INVERSE RADON TRANSFORM
)

Guo Hongbin (Shanghai Computer Factory)

Ou Ruisen (Drpt. of Fundmental Courses)

(Received October 3,1993)

Abstract
Inverse Radon transform is widely used in geophysical prospecting. Picture rebuilding and

so on .There are a lot of algorithms for the inverse Radon transform now. But almost none of

these algorithms have well analysed the error. This paper makes a study on the error.

On one hand, we have analysed the relation between measure error and inverse error and

made clear the errors tolerance norm (sobolev norm), On the other hand, we have concluded

relation among algorithm error.Fourier transforms. derivative and sample rate.

Key words Radon transform; sobolev space
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