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�a.

1) AÛ1ÆCq�{

{I�D.Chapman�JÑ
ÄuAÛ1Æ��

Cq�&E©l�{. �©Û¬N���Ç¼ê(=

~{�)�R(θ), \�X��rÝ� I0, Ñ�X��

rÝ�I, Kk

I = I0R(θ). (2)

b�X��ò��Ý∆θ �~{��Darwin°

Ý�'���õ, Ïd, ��Ç¼ê3~{� �

θ0 þæ^�VÐm¿���Cq:

R(θ0 +∆θ)= R(θ0)+R′(θ0)∆θ. (3)

3~{��p°�ü> �θL, θH �æ8�Ì

DEIã� IL, IH, ©O�\ª (2), (3)�, éá�§|

¦)��ò��ã�:

∆θ =
IHR(θL)−ILR(θH)

ILR′(θH)−IHR′(θL)
. (4)

2) õãÚO�{

õ ã Ú O � { ´ é O.Oltulu � � 1–ò �–á

Â©Û (ERA)�{
[7]

!M.N.Wernick�MIR�{
[4]

Ú

E.Pagot�ÚO©Û�{
[8]

�&E©l�{�Ú¡.

ù
�{þI�3~{��N(>20)� �þ©O

æ8DEIã�, ÏLÚO©Û��{©lÑò��&

E:

θs =
N∑

n=1

θnIs(n),θbg =
N∑

n=1

θnIbg(n),

∆θ = θs−θbg,

(5)

Ù¥ Is(n), Ibg(n)©OL«3~{� �θn þkÃ

�¬��DEIã�.

2.3 “ÚO¨AÛ1ÆCq”�{

D.Chapman�AÛ1ÆCq�{���`:´

�I�~{�þé¡ ��üÜDEIã�Ò�¦)

��ò���Cq). �du¢�^����, AO

´3ÓÚË�1Ø�Ð, ½~{�Ø�é¡�^

�e, ýéé¡� �ØN´Ïé, Ïd§�ò��

ã��3X���Ø�. �Ù§é¡ �þ��ò

��ã���p°é¡ �þ¤����', 3ê�

þ�3X²w��É. Ïd, ù«=�üÜDEIã�

©lÑ5�ò��ã�Ú¢S��m�Ø����.

õãÚO�{�`:3uU
~�Ø�. ��

3~{�þæ8� ��õ, @o¤O�Ñ5�Ú

O(JòÚ¢S���C, �¿ØI�'%~{

��¢S/GÚ¼êL�ª.

Ïd, (Ü±þüö�`:, ·�JÑ
“ÚO–

AÛ1ÆCq”�� &EJ��{.

�âÚO�{��n, Ó�I�3~{�þæ

8N(> 4)é �é¡�DEIã�, ,�æ^AÛ1Æ

Cq¦)Ñò��ã�.

XJ��Ç¼êæ^�VÐm��Cq/ª, K

r1né�DEIã�Il(n), Ih(n)�\ª(2)Ú(3)��

n��

(R′

l(n)Ih(n)−R′

h(n)Il(n))∆θ =

(Il(n)Rh(n)−Ih(n)Rl(n)), (6)

ª (6)ü>\ÈN éDEIã��¦)��ò��ã�

�

∆θ =

N∑
n−1

[Il(n)Rh(n)−Ih(n)Rl(n)]

N∑
n−1

[Ih(n)R′

l(n)−Il(n)R′

h(n)]

. (7)

XJ��Ç¼êæ^�VÐm��Cq/ª:

R(θ0 +∆θ)= R(θ0)+R′(θ0)∆θ+0.5R′′(θ0)∆θ2 . (8)

Ón���ò��ã��¦)úª�

∆θ = min(∆θ1, ∆θ2),

when, a1(n)+a2(n)∆θ+a3(n)∆θ2 > 0,

where, ∆θ1,2 =
−B±

√
B2−4AC

2A
,

A=
N∑

n−1

[Il(n)b3(n)−Ih(n)a3(n)], (9)

B =
N∑

n−1

[Il(n)b2(n)−Ih(n)a2(n)],

C =
N∑

n−1

[Il(n)b1(n)−Ih(n)a1(n)],

a1(n)= Rl(n), a2(n)= R′

l(n), a3(n)= 0.5R′′

l (n),

b1(n)= Rl(n), b2(n)= R′

l(n), b3(n)= 0.5R′′

l (n).

©Ûª (7)Ú (9)��, ¦^ ��ýéé¡�DEIã

�¤¦)���ò��ã��Ø�3ÚO�¿Âe�

�~�, lJp
1ÆAÛCq¦)�°(Ý.

3 ¢�

¢�´3BSRF�/mÆ¢�Õ�¤�. BSRF

�1´>fUþ�2.2GeV�BEPC;��, lÛ{

ìÚÑ�ÓÚ1�UÌ���4—30keV, 3l1:

�45m�/�, |^p°Ý�V¬N (��=�Ú�
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�0.05s)Ú�m©EÇ�10.9µm�Photonic Science

X-ray FDI CCD�Å|¤�{ü�û�Or¤�¢

�^�, ¢�C�Xã1¤«. �¬�&ÿì���

ål�300mm, V¬æ^ü¬Si(111)¬N, é8keV

�X��, ~{��Darwin°Ý�7.862s, Xã2¤

«(�%:�¢ÿ:, ¢��pd¼ê[Ü(J). Ï

Lpd[Ü��R(θ)�, �¦Ñ§���Ú��Cq

�.

ã 1 ¢�C�

ã 2 ~{�R(θ)

¢��¬´NÈ2×4×2mm���çé¬. 3~

{�þé¡æ816éDEIã��?1� &EJ

�, ©O�¤e�O�:

a) �~{���p°é¡ �üDEIã�\

ª (4), ?1D.Chapman�AÛ1ÆCq�{J�ò

��&E�R1(2).

b) ¦^32ÜDEIã��\ª (5)?1õãÚO�

{J�ò��&E�S(32).

c) ¦^32Ü©Oüüé¡�DEIã��\ (7)Ú

(9)ª?1“ÚO–AÛ1ÆCq”�{J�ò��&E

�R1(32)ÚR2(32).

ù3«�{�m�é'Xã3Úã4¤«.

ã3�mü>�ü�ã©O´¥mã¥Ý/µp

¡�[!SN���ã. l�Nþw, R1(2)�ã�

�þ²w'S(32), R1(32), R2(32)��Nõ, �D

(��î, AO´é¬c�'!m>ïÜA�ì

v3D(p. S(32), R1(32), R2(32)��µD(��

þ!, �R1(32), R2(32)3ã�[!Lyþ'S(32)

�r. 3ã3¥�À�3�/�(J��/µP1, P2,

P3)?1'�`². P1 ��é¬c�'!?, d?

éAã4¥Å�� �, R1(32)ÚR2(32)�Å��'

S(32)�, 3ã�þLy�ôÚ�'S(32)ç. P2 �

ÚP3 �þLy�´é¬�Ýþ�Of. é'�ã

��±uy, R1(32)ÚR2(32)�Of[!�'S(32)

�ßéõ, AO´P2 ��Of3S(32)A�vk�

w�. dd��, “ÚO–AÛ1ÆCq”�{Ø=D(

�, �3[!Lyåþ'Ù§�{�r. ,	lã4

¥uy, R1(32)ÚR2(32)��A�U3�å, ù�

y�`²
“ÚO–AÛ1ÆCq”�{���CqÚ

��Cq�(J�Øõ, ¤±3¢SA^¥æ^��

Cq=�. Ïd, ¦^“ÚO–AÛ1ÆCq”�{��

�ò��ã�äk��p�ã��þ.
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Abstract X-ray diffraction enhanced imaging (DEI) based on synchrotron radiation is effectively applied to the

inspection of internal structures of weakly absorbing low-Z samples, such as soft issue. Its key problem is how to extract

refractive angle images, which reflect phase gradients in samples, from DEI images. Geometric-optics approximation

methods and statistical methods of multiple images are investigated in this paper. Then a new extraction method,

named ‘statistical-geometric-optics approximation’, is brought forward. It is validated by experiments at BSRF and

proved that it can improve the exactness of geometric-optics approximation solutions and the Signal to Noise Ratio

(SNR) of refractive angle images.

Key words diffraction enhanced imaging, geometric-optics approximation, rocking curve, synchrotron radiation
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