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Section 1: The spatial field autocorrelation of the point-spread function (PSF)
When imaging in wide spectrum, the point-spread function (PSF) of optical synthetic aperture imaging via spatial in-

tensity interferometry is
()= [ Wk)hs(u, K)dk (s1)

where hg(u, k) is the point-spread function (PSF) for the wave number k = 1/1 (A is the lambda), W(k) is the spectral

distribution of the wide spectrum. Then, the spatial field autocorrelation of h is
Ry (u,0) = hy(u)hi (') ﬂ KRy, (u, u's k, k') dkdk' | (S2)

where R, (u, w'; k, k') = hg(u, k)hi (v, k).

According to Fresnel diffraction, we have
he(u, k) = joo P(r, k)exp [—j2ncok (r — qu)’] dr (S3)

where we have omitted a constant term outside the integration in the following derivation to simplify the expression,
zZ1+ z zZ
c():(1 2),c1: ! and
2212, 2+ 2

P(ra k) = A(r)S(r, k) ) (54)
is the pupil function of optical synthetic aperture imaging via spatial intensity interferometry, A(r) is the aperture func-
tion, S(r, k) = exp{jo(r, k)} is the modulation phase transfer function, and ¢(r, k) is the modulation phase function.

Letting ¥ = r — q,u, we find

hg(u, k) = joo P(7 + qu, k)exp (—j2ncok#’) d7 . (S5)

Since the ensemble statistics are introduced by the pupil function, interchanging the orders of ensemble statistics and

double integration, we obtain

Ry (u,u'sk, K') jj drldrzexp[ j2me, (kr2 k’~2)]

* P(r, + qu, k)P (1, + qu', k')
~ jf_o; drd.exp [—j2ncok (7 — 75)]

* P(f, + qu, k)P* (¥, + qu' , k') , (S6)
where the approximation is valid for |Ak| = |k — k| < k. For further simplification, we define
Ro(u,u's k, K')) < P(u, k)P, k) . (S7)
Assuming the width of the aperture is much greater than the correlation width of the pupil function, we have
Rp(u,u';k, k') = A()R(u, v'; k, k') | (S8)

with R,(u,u's k. K') = S(u. F)S* (. K, and it = “

r; = (;'1 +i'2)/2, f,=1n—"1,
to simply the expressions of Eq. (56) and Eq. (S2), we have

R (1,0 k. K) ~ [ drsdisexp (—jancoktsts) A( + cin)R (;3 + 2 au - 2 +anik, k’) . (99

and

Ry () = [[[[” dkak dvsdr, WO W(K)A(F, + ciityexp (~jamck,) R, <;3 + % FouF — % +ou'sk, k’) ,
(S10)
Equation (S10) shows the relationship of the spatial field autocorrelation function R, and the correlation function R;
of mdulation phase transfer function.
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Section 2: The correlation of modulation phase transfer function
The modulation transfer phase S is assumed to be wide-sense stationary, and its relationship with the surface height # is

S(r k) = exp [j2nk(n — 1)n(r)] . (S11)
Then, the autocorrelation function of the modulation phase function is given by
Ri(r,r'sk, k') = exp{j2n(n —1) (kn(r) — k'n(r'))} . (S12)
Considering the characteristic function of the random variable #, the above equation can be written as
R((r,r;k, k') = M,y (2n(n — 1k, —2n(n — 1)K’) , (S13)

here M, is the second-order characteristic function of the surface-height function #, which is assumed to be statistic-
ally stationary. Assuming 7 is a Gaussian random variable, in this case, its characteristic function is

[(0* + w?) o)+ 2ww'R,(Ar)] }

My (0, @") = exp { 3 (S14)

where 07 is the height variance, R, is the height correlation function. Substituting this equation into Eq. (S13), the result is

2n(n — 1), _kz e 2kk’R,7(Ar)] }

2
2 o;

Rs(ra r/;k7 k/) = €xp {_

exp {—w AK? + 2k (1 - Lfﬁr) >] }

n

%e@{_pﬂngnaf AH+2H<L,&$0>]}

n

= R, (Ar, k)R, (Ak) , (S15)

where

2 R,(Ar)
Ry (Ar,k) = exp < —[2n(n —1)o,k]” |1 — = , (S16)
"
and
2n(n — 1)o,Ak]”
Ry (Ak) = exp {_[11(712)0,7]} , (S17)
For Gaussian height, the height correlation function is

R,(Ar) = ojexp (—A:> , (S18)

where the transverse correlation length r. is the radius at which the normalized height correlation falls to 1/e. So, we ob-

tain the result

Ry (Ar, k) = exp {—[27[(11 — 1o,k [1 — exp (—A:ﬂ } : (519)

c

Section 3: The spatial intensity autocorrelation of the incoherent intensity impulse response function
Now to get the spatial field autocorrelation function, substitute Eq. (S15) in Eq. (S10):

Ry () = [[[[~ dkdakdrsdr, Wk)W(k — AK)A(s + )
- exp (—jamncoktsty) Ry (74 + ¢ Au, k) Ry (Ak)
= ffjw dkdAkd?, W(k)W(k — Ak)F, (2cokt,) exp (jamcockit,) Ry (Fy + ¢ Au, k) Ry (Ak)

—fﬁwwaMWMMmmfmmm&@+?%» (20)

2
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where §, is the Fourier transform of the aperture function A, Ak = k — k', Au =u — o, and
- 1 Ar 1 s Ar N\’
R.(Ar,k) = — Ry, | —, k| = — —(2 —Do,k)" |1— - ) S21
(A1, K) 2c0k (2c0k ) 2c0keXp { (2n(n = 1), k) l P ( (2cokrc> )] } (521)

3.(F) = §. (7) exp (j2ncitF) - (522)

Thus, the normalized spatial field autocorrelation of ki is expressed as

and

L) =7 [ AWk {(We RS, {F 0 R 4, - (523)

where 7 is the normalized factor.
According to the complex Gaussian moment theorem, the expression of the normalized intensity auto-correlation re-
duces to
Ty, (Au) = 1+ [Ty, (Au)[* . (S24)
Since the spatial fluctuations of h; are wide-sense stationary, its spatial intensity autocorrelation G,(?(Au) equals to

the normalized intensity autocorrelation I, (Au). Substituting Eq. (S23) and Eq. (524), we find the following result,

2
G (o) =1+ |7 [~ dkwk {We R, {f.o R} 4, (25)
Section 4: The design conditions of sub-aperture spatial random phase modulators
Now, consider Taylor's expansion of R, in Eq. (S18) up to order one, we have
Ar?
and
~ 4n(n — 1)zz,0,Ar]’ ~
R, (A S — = R, (Ar) . 2
L(Ar k) ~ exp { [ s L(AF) (527)
If the radius of §, is designed much larger than the radius of R, namely
1 (ztz)re e
D/2 7 4(n—1)zz0,  4(n—1)z0,
) : (S28)
—1
Condition 1: D < M
e
where the fact z; > z, has been used, then the result of Eq. (525) is
) o o kAu 2
G (Au) ~ 1+ TLOO ARW(R) (W © R}, §a (= (S29)
When the radius A, of the spectral distribution W is much smaller than the radius of the Ry, namely
1
Condition 2: A, € —— | S30
V2n(n—1)o, (830)
thus,
@) oo kAu\ |”
G (Au) ~ 1+ Tj dkW(k)Ra(K)S,  —— (S31)
oo :
To further analysis Eq. (S31), W is given by
W(k) = Iu(k — k) | (532)
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where k, is the center wave number. Equation (S31) becomes

o0 kAu\ |*
G (Au) =1+ rf dkT, (k — ko)Ra (k). (— . ”) (833)
oo X
e . . ~ kAu
In addition, if A,, is assumed much smaller then the radius of §, [ — ) namely
2
Condition 3: A, < 22 (S34)
. W DDl )
where D, is the detected width of CCD. Then the function Gf,lz) (Au) can be expressed as
koAu |*
G (Au) ~ 1+ |75, (— °Z ") , (S35)
2

where the condition 1-3 in Eq. (4, 5) is considered.
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