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1 Ú ó

1ÆnÜ�»¤�XÚÏLf�»�m��
�Z�5¢yp©Eå¤�*ÿ, �f�»�m�
� ²£Ø� (©¥{¡ piston Ø�) �uÿ��
�äk�©­��¿Â. Ø
�éf�»g���
���g·A1ÆEâ, XÛ¢y� ²£Ø��
¢�!°(uÿ�®¤�T+�¥�9:¯K, Ú
å
2�'5 [1−6]. 8c, ®���Eâ´�Ì�
�)^«�ªJl{ (fringe pattern tracking)[7,8]!
�   � { (phase diversity)[9−11]! S � F p � �
{ (iterative Fourier-transform algorithm)[12,13]! 
²�ä�{ (neural network)[14] ±9æ^AÏì
��uÿEâ� [15−17]. ,
, 3¢SXÚ�A^
¥, ù
�{ÿ�3�½§Ý�Øv, �k�?�
Ú�õ.

Cc5, Äu�|ã��uÿEâ�\É�'
5 [18−20]. ~X, �ïÄ LBT XÚS� “^«�­

ÇJlfXÚ”(fringes and flexure tracking system,
FFTS) 3¢�Ö�1§��¡�5U, ©z [18] �
ï
¢�²�é FFTS �õU?1�[, ¿é�|
^«é'Ý?1
ÐÚïÄ. ©z [19] JÑ
|^
pd¼ê[Ü�|rÝ�ä, ?
�â�K�ä�
�^«�ª��� ²£Ø���n, ¿�Ñ
Ð
Ú��ý(J, �éÎÒ�äÚ 2π �
5�äN
¯K��&?. ©z [20] Ì�©Û
äk Star-9 (
��nÜ�»¤�XÚ�$���uÿ�{. �é
� ²£Ø�, T©JÑ
|^ MTF ¼êg¸r
ÝCz(Ü PSF ¼êé¡5�uÿ�{, ¿ÏL¢
�ÐÚ�y
ù«�{��J, �©¥��Ñ
é
u 2π �
5ÚÎÒ�äùü�¯K, T�{EI
/Ï PD �{5)û.

�©±DÕ1ÆÜ¤�»XÚ��|ã��
�ïÄé�, ©Û
XÚ�|rÝ�� ²£Ø�
�'X, lêÆþédØ���|ã��K�'X
�±�º. ?�Ú, JÑ
�«Äu�|�qÝ�
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� ²£Ø���uÿ�{, ¿éÙ�15!uÿ
°ÝÚÄ���?1
�ý©Û, ¿(ÜXÚ¢S
�¹, �é��Ø��T�{�A^��
äN�
©ÛÚ�õ, ±Ï�� ²£Ø�°(uÿEâ�
?�ÚïÄJøk�ë�.

2 nØÄ:

ã 1 �nÜ�»XÚ�1Ò(�, f�»�»
þ� a,(εn, ηn) �1 n �f�»¥%3XÚ1Ò¥
��I, éA�4�I� (ρn, θn).

ã 1 nÜ�»XÚf�»üÙ�.

XÚ�2Â1Ò¼ê (complex pupil function)
� [21]

P (ε, η) =
N∑

n=1

{Π(ε, η)exp[jkwn(ε, η)]} ∗ δ(εn, ηn),

(1)
Ù¥, ∗ L«òÈ$�, Åê k = 2π/λ, Π(ε, η) �f
�»��»¼ê, = [22]

Π(ε, η) = circ(r/a) = circ(

√
ε2 + η2

a
). (2)

wn(ε, η) L«1 n �f�»�¹���LZ��
�, =

wn(ε, η) = αn1 + αn2Z2 + αn3Z3 + · · · + αnmZm,

(3)
ª¥ αni (i = 1, 2, · · · ,m) L«l"��~ê��
1 m �LZ����Xê, αn1 �f�» n g��
�¥�~ê�. À-¼ê δ(εn, ηn) L��f�»�
 �&E

δ(εn, ηn) = δ(ε − ρncosθn, η − ρnsinθn). (4)

�âFp�1Æ�n [23], XÚ�E�ÌD4
¼ê�

A(u, v)

= ={P (ε, η)}

= =

{
N∑

n=1

{Π(ε, η)exp[jkwn(ε, η)]} ∗ δ(εn, ηn)

}

=
N∑

n=1

={Π(ε, η)exp[jkwn(ε, η)]}= [δ(εn, ηn)]

=
N∑

n=1

= [Π(ε, η)] ∗ ={exp[jkwn(ε, η)]}

×= [δ(εn, ηn)] , (5)

Ù¥, =[·] �Fp�C��Î, (u, v) L«nÜ�»
��¡þ��mªÇ�I, þª¥���Fp�C
���¤

= [Π(ε, η)] =
aJ1(2πa

√
u2 + v2)√

u2 + v2
, (6)

={exp[jkwn(ε, η)]} = =

{
m∏

i=1

exp(jkαniZi)

}
,

(7)

= [δ(εn, ηn)] = exp [−j2π(u · pncosθn + v · pnsinθn)] .
(8)

�Äò�f�»�� wn(ε, η) ©�üÜ©, �
Ü©~ê�, ,�Ü©�l��m©�����,
=

Wn(ε, η) = αn1 + (αn2Z2 + αn3Z3 + · · · + αnmZm)

= αn + fn(ε, η). (9)

éuØÓ�f�», þª�/ªØC, ==
´ αn 9 fn(ε, η) ¥���LZ�XêØÓ. K

={exp[jk · wn(ε, η)]}

= ={exp[jk · αn + jk · fn(ε, η)]}

= ={exp(jk · αn) · exp[jk · fn(ε, η)]}

= ejkαn={exp[jk · fn(ε, η)]} . (10)

ddíÑ

A(u, v)

=
N∑

n=1

[
={exp[jk · fn(ε, η)]} ∗ aJ1(2πa

√
u2 + v2)√

u2 + v2

]
×exp[jk(αn − λuεn − λvηn)]. (11)

3�f�»d��m©�����®d�A
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�g·A�!���, XÚ�E�Ì¼ê�Cq�

A(u, v) =
N∑

n=1

aJ1(2πa
√

u2 + v2)√
u2 + v2

×exp[jk(αn − λuεn − λvηn)]. (12)

KXÚ:*Ñ¼ê3�mª�þ�L«�

I(u, v) = |A(u, v)|2

=
∣∣∣∣ N∑
n=1

aJ1(2πa
√

u2 + v2)√
u2 + v2

×exp[jk(αn − λuεn − λvηn)]
∣∣∣∣2

=
a2J2

1(2πa
√

u2 + v2)
u2 + v2

×

∣∣∣∣∣
N∑

n=1

exp[jk(αn − λuεn − λvηn)]

∣∣∣∣∣
2

.

(13)

du piston Ø���3uØÓ�f�»�m,
�
BuO�, òXÚ,�f�»P��» 0, Ù{
f�»­#IP� 1, 2, · · · , N − 1, K (13)ª��
�

I(u, v) =
a2J2

1(2πa
√

u2 + v2)
u2 + v2

×

∣∣∣∣∣1 +
N−1∑
i=1

exp[jk(pi − λuεi − λvηi)]

∣∣∣∣∣
2

,

(14)

Ù¥ pi = αi − α0, L«f�» i �f�» 0 �m
� piston Ø�, (εi, ηi) L«f�» i �éë��»
�¥%�I £, =L�
ØÓf�»�m��é
 �.

ò u = x/λf , v = y/λf �\þª, ��üÚ8I
1ÅeXÚ��|rÝ©Ù�

I(x, y)

= a2f2

λ2J2
1

(
2πa

λf

√
x2 + y2

)
x2 + y2

·{
N + 2

N−1∑
i=1

cosk
[
pi −

1
f

(εi · x + ηi · y)
]

+2
i<j∑

16i,j6N−1

cosk
[
pij −

1
f

(εij · x + ηij · y)
]}

.

(15)

éu�����¹, =8I1�°�1�, X
Ú��|rÝ�n)�8IÅãS�üÚ¤©�

|rÝ�S\, =�

I(x, y)

= a2f2

∫ λ2

λ1

λ2J2
1(

2πa

λf

√
x2 + y2)

x2 + y2

×

{
N + 2

N−1∑
i=1

cosk[pi −
1
f

(εi · x + ηi · y)]

+2
i<j∑

16i,j6N−1

cosk[pij −
1
f

(εij · x + ηij · y)]


×dλ, (16)

Ù¥ pij = pi −pj , εij = εi − εj , ηij = ηi −ηj , (x, y)
��¡�I, f �nÜ�»XÚ����å, Åê k

= 2π/λ, λ1, λ2 �8I1Åã�þ!e�.

þ¡üª�êÆLãäk�A�Ôn¹Â, Ù
¥, �)ÒS�1��\\�Ny
�f�»�
f�» 0 �m piston Ø�Ú�é �éXÚ�|
�K�, 1��\\�Ny
ØÓ��ë�f�»
�m piston Ø�Ú�é �éXÚ�|rÝ�K
�,Bessel ¼êKNy
f�»�/1Ò��^. Ó
�, �±wÑ, éuØÓüÙ�ª�nÜ�»XÚ,
Tí�þ´¤á�, Ù(JlêÆþ�²
 piston
Ø�éXÚ�|�K�Å�, k|u·��?�Ú
©Û.

3 V�»XÚ (½XÚ�ü�f�»
m) � ²£Ø�uÿ

3.1 nnnØØØ���...

Xã 2 ¤«, ü�f�»'u O :é¡©Ù,
¥%å� 2R, f�»�»þ� a.

ã 2 Vf�»XÚ1Ò(�

�âc©©Û, 3�f�»����p���
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����, °�8I1^�eXÚ��|©Ù�

I(x, y) =
2a2f2

x2 + y2

∫ λ2

λ1

dλ · λ2 · J2
1

(
k

a

f

√
x2 + y2

)
·[

1 + cosk
(

2R

f
x − α12

)]
, (17)

Ù¥ α12 = α1−α2, L«ü�»m� piston Ø�. �

Bu?Ø, ,Ú\ü�ëê, =Ä�' FR = R/a

Ú�' Ff = f/a. - r2 = x2 + y2(r >0), þª�{
z�

I(x, y) =
2a2f2

r2

λ2∫
λ1

dλ · λ2 · J2
1

(
kar

f

)
·

[
1 + cosk(

FR

Ff
x − α12)

]
. (18)

duü�f�»�ÂÅc¥���Úp��
�®©O����, d�XÚ¥�üf�»²�Ó
�¤�XÚ¤��|�£ã�

Isi(r) =
a2f2

r2

λ2∫
λ1

dλ · λ2 · J2
1

(
kar

f

)
. (19)

��, �'uüf�»��|©Ù, Vf�»
��N�|3È©�Sõ�¹
��d piston Ø
�û½�{u�. �d, �EA�¼ê Dp, £ã�
Ó^�e!XÚ�N�|©Ù�XÚSüf�»
�|©Ù�m��q§Ý, ÙêÆL�Xe:

Dp(x, y) =
I(x, y)/2 − Isi(x, y)

Isi(x, y)
, (20)

Ù¥,I L«XÚ�N�|©Ù,Isi L«f�» 2 �
�|©Ù. ã 3 �ã 5 �ØÓ piston Ø�éA� Dp

¼ê��E«¿ã (¥%Å� λ0=0.55 µm).

ã 3 piston = 0�, �'�|©Ù�¤� Dp ¼ê©Ù«¿ã

e¡y²��=�3÷v (2Rx/f ¨ α12) = 0
��I:þ, �qÝ¼ê Dp ÷ X ¶��äk��

�. �âþ¡©Û, ¼ê Dp �?�Ú��

Dp =

λ2∫
λ1

dλ · λ2 · J2
1

(
kar

f

)
·
[
cosk(

2FR

Ff
x − α12)

]
λ2∫
λ1

dλ · λ2 · J2
1

(
kar

f

) .

(21)

ã 4 piston = 0.5 µm�, �'�|©Ù�¤� Dp ¼ê©Ù«
¿ã

ã 5 piston = 1 µm�, �'�|©Ù�¤� Dp ¼ê©Ù«¿
ã

dn�¼ê�5�´�

Dp 6

λ2∫
λ1

dλ · λ2 · J2
1

(
kar

f

)
· 1

λ2∫
λ1

dλ · λ2 · J2
1

(
kar

f

) = 1. (22)

�Ò¤á�^�=� cos[k(2Rx/f ¨ α12)]=1 ¤
á. w,, � (2Rx/f ¨ α12)=0 �, éuÈ©«m
S�?¿Å���, Tª´ð¤á�. 
� (2Rx/f
¨ α12) 6=0�,cos[k(2Rx/f ¨ α12)]=1 �du

2π

λ

(
2R

f
x − α12

)
= 2mπ,m 6= 0,m ∈ Z. (23)

du,��üf�»m� piston Ø� α12 ´
(½�, =¦�3eZÅ���¦þª¤á, éÈ
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©«mS�¤kÅ���5`, ¿ØU�y�3
éA��ê m ¦Tª÷v, =^� cos[k(2Rx/f
¨ α12)]=1 ¿�ð¤á.

Ï d, 3 ¼ê Dp ¥, (2Rx/f − α12) = 0
� cos[k(2Rx/f − α12)] = 1 ±9¼ê Dp ��
��� 1 nö�m3nØþ´�d�. Ó�, du
,�� α12 �(½5, ÷v^� (2Rx/f ¨ α12)=0
�î�I X �äk��5, l
¼ê Dp 3 x ��
þ�����´���. Ïd, ��=�,:�I
÷v (2Rx/f ¨ α12)=0�, �qÝ¼ê Dp ÷ X ¶
��3nØþäk������.

lÔn¹Âþ, þã�ã�±ù�n): XÚ
��N�|ÚXÚSüf�»��|þ´8I1
�°S�üÚ¤©�z�S\, «O3uXÚ�N
�|¥�üÚ¤©��z�É�f�»m piston
Ø���^. 3�qÝ¼êDp �©Ù¥, éuØ÷
v (2Rx/f ¨ α12)=0 ��I:, �°S��üÚ¤
©ØU¦ cos[k(2Rx/f ¨ α12)]=1 ð¤á, ¿�X=
BeZüÚ¤©�z�XÚ�|Úüf�»�|
3©Ù/ªþ��
�� (¦�^� cos[k(2Rx/f
¨ α12)]=1 ¤á), ��°S¤küÚ¤©��z²
LS\�, XÚ�N�|Úüf�»�|3©Ù
/ªþE´ØÓ�, �qÝ¼ê Dp ¿ØU���
� 1. é÷v (2Rx/f ¨ α12)=0 ��I:, 3�üÚ
¤©éXÚ�|��z¥, � piston Ø�k'�È
©� cos[k(2Rx/f ¨ α12)] þ�½� 1, ¿�Xéu
�°S�¤küÚ¤©,piston Ø�é÷v (2Rx/f
¨ α12)=0 ��I:þ�XÚ�|��^Ñ´�Ó
�, ���üÚ¤©¤�z�XÚ�|Úüf�»
�|3©Ù/ªþ´���, ù�, ò�üÚ¤©
�zþ?1S\�, �ª�XÚ�|Úüf�»�
|E,äk�Ó�©Ù/ª, �qÝ¼ê=���
��.

3.2 uuuÿÿÿ���nnn

�âþãnØ©Û, �ïá�«�éVf�»
XÚ (½õf�»XÚSü�f�») ¥ piston Ø
����uÿ�{, Ù�nXã 6 ¤«.

3ã 6 ¤«�Ü¤�»XÚ¥,Äkéüf�
»�g�ÂÅc����p���?1��.I �
��&ÿ���XÚ�N�|,ISi �ë�f�»�
�|. �âc©�ã, ��ï�|�qÝ¼ê Dp.
?�Ú, d Dp ������éA:�î�I XC

���d�üf�»m� piston Ø�, =

Episton = α12 =
2FR

Ff
XC. (24)

d	, Ïé piston Ø��¦)�3k'¼ê
� X ¶��?1, �
{zO�, ��|^XÚ�
|Úë�f�»�|÷ X ¶�� (Ä���) �©
Ù5�E�|�qÝ¼ê, =

Dp(x) =
I(x)/2 − Isi(x)

Isi(x)
. (25)

ã 6 Äu�|�qÝ� piston Ø�uÿ�n

ã 7 piston = 0.1 µm�Dp ¼ê÷ X ¶ (Ä���) �©Ù

3.3 ���nnn���yyy©©©ÛÛÛ

� 	 piston Ø � Ø Ó�� q Ý ¼ê Dp �
©ÙA5, ±� yÄuÙ��:�I�uÿ�
n. � 
 B u O � � Ø�� � 5, � ü f � »
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�Ä�'� 1.2, �'� 50, 8I1���1Å
ã (λ0=0.55 µm,lc=0.93 µm), ��ØÓ piston Ø�
éA� Dp ¼ê©Ù (÷ X ¶=Ä���) Xe�
ã¤«.

ã 8 piston = 0.3 µm�Dp ¼ê÷ X ¶ (Ä���) �©Ù

ã 9 piston = 1 µm�Dp ¼ê÷ X ¶ (Ä���) �©Ù

ã 10 piston = 0.1 µm�Dp ¼ê÷ X ¶ (Ä���) �©Ù

�â±þ�ý(J, ��éuØÓ� piston Ø
�, 3 X ¶ (Ä���) þþ�3����I:
¦ Dp ¼ê�����. Ó�, �X piston Ø��O
�, éAA�:��I�ÅìO�, ��ö�UC

þ¤�', ù� (24)ª¥��5'X�Î, ÐÚ�
y
uÿ�n��(5.

ã 11 piston = 0.1 µm + 3λ0�Dp ¼ê÷ X ¶ (Ä���) �
©Ù

ã 12 piston = 0.1 µm −5λ0�Dp ¼ê÷ X ¶ (Ä���) �
©Ù

3.4 2π ���


555©©©ÛÛÛ

¤¢ 2π �
5´��æ^üÕ�A½Å�
1Å?1uÿ�, éu���ê�Å�� piston Ø
�, duXÚ�|�©Ù´Ä����, uÿ(J
�UÑy lÙý¢��ê�Å���¹. Äu�
|�qÝ� piston Ø�uÿ¿ØÉ 2π �
5�K
�, ù´Ï�: Tuÿ�{¤O°�8I1^�e
XÚ�A^, ¤�E��|�qÝ¼ê�	�´°
�8I1^�e!Vf�»�N�|�üf�»
�|3©Ù/�þ��q5. Xc¤ã, �|�q
Ý¼ê÷ X ¶�� (Ä���) ���� 1 �¿�
^�´ (2Rx/f ¨ α12)=0. =¦éu���ê�¥
%Å�� piston Ø�, ÷vd^���I X E´Ø
Ó�, ùÒ¿�X� piston Ø�±���ê�¥%
Å�Ñy�, é¤����qÝ¼ê?1|¢, �
¼ê���� 1 �éA� X ¶�IEØ�Ó, �
þd (24) ªL�
d�Ø��ý¢�, =3uÿ
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(JþØ¬É� 2π �
5�K�. ��yù�:,
± piston Ø��u 0.1 µm �Ð©�, ©O�	ÙU
C 3λ0, −5λ0 ��|�qÝ¼ê Dp �©Ù (�ý
ëêÓ1 3 �!), Xã 10—12 ¤«.

��, �Ð©�¹�', � piston Ø�UC 3λ0,
−5λ0 �, �|�qÝ¼ê����þÑy3ØÓ
��I:þ, éAO�(JvkÑy 2π �
5.

3.5 uuuÿÿÿ°°°ÝÝÝ���ýýý©©©ÛÛÛ

?
éØÓ piston Ø�e�uÿ(J?1

�ýO�, ¿�IO�?1
é', ±ÐÚ©ÛÙ
uÿ°Ý (ã 13). �ý¥, �
¦Ø�I½äkæ
��°Ý, ·�Äu Dp ¼ê�©ÙA:æ^�g
­���é��:�I?1
?�.

ã 13 ØÓ piston Ø�euÿ�{��ý(J�IO�� 
�

�âd(J, ��� piston Ø��±þ��!
K��, T�{��ý(JÑ�CIO�, �ö 
��±3 λ0/10 ±S. 
éu���ê� λ0 �Ø
Ó piston Ø� (ã 13 ¥�î�I�� 10 �:), �
ý(J�Ä��IO��Î, vkÑy 2π �
5,
?�Ú�y
c©�©Û.

3.6 ÄÄÄ���������©©©ÛÛÛ

d (24)ª��, �,�� piston Ø�éA��
�:�I�Ñ&ÿ²¡���, piston �ýé�÷
v

abs(piston) > α′
12 =

2FR

Ff
Xlim. (26)

d�, 3&ÿ²¡S®Ã{é�ÎÜ�¦��
�:, �ÒÃ{����ý¢ piston �. �éù«
�¹, é Dp ¼ê?1
�ýO�, �� piston Ø
� (ýé�) ���Dp ¼ê�©ÙXã 14, 15¤«.

��, éuýé���� piston Ø� (ÎÜ (26)
ª), ÙÎÒ� Dp ¼ê�c����¤3«m�
Î, ?�Ú�õ:O��uy
ù�5Æ. ÄÙ�
Ï, ´Ï�3��Cý¢ piston Ø�éA���
�: �, ¼ê4�3nØþ�ªu�����
� 1. AO/, éuØ÷v (26)ª� piston Ø�,Dp

¼ê�c���¤3«m�U�Ný¢Ø���
K (X (24)ª¤ã). Ïd, é��:�I�Ñ&ÿ
������ piston Ø�, E��â�c Dp ¼ê
����éA�I(½ý¢Ø��ÎÒ, ���A
�����UYdT�{éØ�í{þ?1&ÿ.

ã 14 piston = –6 µm�Dp ¼ê÷ X ¶ (Ä���) �©Ù

ã 15 piston = 7 µm�Dp ¼ê÷ X ¶ (Ä���) �©Ù

4 ( Ø

� ²£Ø��uÿÚ��´1ÆnÜ�»
¢yp©Eå¤��'�Eâ. �©;�8c�
 ²£Ø�uÿEâ��#ïÄ��, ±XÚØÓ
�Ý��|ã��ïÄÄ:, JÑ
�«Äu�|
�qÝ�� ²£Ø�uÿ�{. 3nØ©Û�
Ä:þ, éT�{��15!uÿ°ÝÚÄ���
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?1
�ý©Û, ¿(ÜXÚ¢S, �é��Ø�
�T�{�A^��
äN�©ÛÚ�õ. d	,
dT�{�nØ£ã��, �|�qÝ¼ê�4�
��UÑy3�|rÝ���«�, ù�� ²£
Ø��¦)°ÝòÉ�D(Ï����, X&Ò1
fD(!�µ1fD(!&ÿìÖÑD(�. (
Üyk�üDEâ, 3¦)�|�qÝ�c, é¤
æã�?1üD?nò~�O�� ²£Ø��
É��D(Ï��K�. 8c®k�
¤Ù��{
é¤æã�?1üD?n, ~X©z [24] ¤ã, �
Äæ^ CCD &ÿì�, ÏL~�Ü·�K��±
~��ÅD(�K�, Ó�¦�Uõ/�3k�&
Ò [24], /�ù«�{?
¦)�qÝ¼êA�J
p� ²£Ø�¢SO��O(5. Ó�, �±ý

�, eéë�f�»��| (úª (25) ¥ Isi) À^
nØ���~�ù�Ü©¤ÉD(9f�»í{
Åc�K�. du�©�Ìk�, �öò3?�Ú
�¢���¥(ÜäN�¢��¸éù«�{�
�y±9D(?n?1�[�©ÛÚ?Ø, d?6
�Ø�Ðm.

nþ¤ã, ù«Äu�|�qÝ�� ²£Ø
�uÿ�{3�nþ�¢yéXÚ¥ü�f�»
m� ²£Ø����uÿ. �'u8cQk�u
ÿEâ, T�{l�nþ)û
ÎÒ�ä¯K�Ø
É 2π �
5�K�, Ó�äk�½�Ä���, �
� ²£Ø�uÿ#Eâ�?�ÚïÄJø
k
�ë�.
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Abstract

For the sparse-optical-synthetic-aperture telescope system, the co-phasing detection plays an important role for the realization of

system’s high resolution in solving out piston errors between sub-apertures. In this paper, the relationship between piston error and

system’s far-field intensity was analyzed based on physical principles, then the impact of piston error on system’s far-field images was

clarified theoretically. Furthermore, an innovative co-phasing detecting method based on the far-field images’ similarity was approved

for the bi-sub-aperture systems, with its feasibility, detecting deviation and dynamic range were researched by simulation. The results

proved that, with this method, the piston error between the system’s two sub-apertures can be soundly detected principally while

immune from the problems of 2π ambiguity and direction decision that might exist within some other co-phasing detecting methods.

Plus its dynamic range shown from these results, this new co-phasing detecting method provides effective references for deeper research

of co-phasing detecting techniques.

Keywords: sparse-optical-synthetic-aperture system, far-field image, piston error, co-phasing detection
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