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Fast Three-Dimensional Morphological Reconstruction Algorithm of
Phase objects Based on Orthogonal Sampling
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Abstract In order to meet the needs of rapid acquisition of morphological information in clinical testing and other
fields, a fast three-dimensional morphological reconstruction algorithm requiring only two phase images is proposed.
The algorithm obtains the structural boundary of the sample on the corresponding incident light orthographic
projection plane from two orthogonal phase diagrams. By establishing and solving the correlation between the two
groups of orthogonal two-dimensional data, the three-dimensional coordinates and average refractive index of the
sample substructure contour are obtained, and then the quantitative distribution of the physical thickness of each
substructure is given to realize the three-dimensional structure reconstruction of the sample. The three-dimensional
shape reconstruction of samples with different structural characteristics is carried out through simulation and
experiments. The experimental results verify the effectiveness and universality of the proposed algorithm.

Key words measurement; phase measurement; outline of substructure; average refractive index; three-dimensional
shape
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Fig. 1 Flow chart of fast three-dimensional morphological reconstruction algorithm based on two orthogonal phase images
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Fig. 2 Nucleated cell model for concentric ellipsoid simulation in two media. (a) Schematic diagram of model space

structure; (b) refractive index distribution of model; (c) phase shift distribution of model in XOY plane
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Fig. 3 Gradient distribution of model phase image along X direction shown in fig. 2(c). (a) Gradient processing

diagram of cell model phase; (b) phase gradient curve along AD direction of cell model

23

12006-3



13 Wﬁﬂ?ﬁﬁ” 516 B AR RS R e ik O

%41 % £ 23H1/2021 &£ 12 B/RFFR

p(x,y)=

2 2 2 2
[(nl nm)XZXJC2—C ZI . [Zy Jr(nz—nl)><2><«/RZ—1F,2—yZ}v (3
a h

X a. o 73 N HEER AR A2 G R X SR Y
O c BRI AR QIR Z BlD s R AR AR,
it ZEA R TR B LRI A5 RT 45 i B A AH
(23 A AT 3 0TI R 5 A A L DU A A o U D
TEL Y AE PR O R AR 25 B 20 A 2 T A

PERAIE S BRr A Y O AT L (30 FUONHE T AR
W) OHARBON G iz Hrr ik B ks . 3T
FAR AR X o SR A 5 o BRI SR HRAH 2 06 B2 B 53
A 3(h) B, Rk

_+_ (71 2 T Ny ) X i

dx A

.yz /Rz—xz—y2 Y

g (x,y) 27[{(711 N )><

J _

TEE] 3(a) '437LJIﬁﬂfrﬁ’\a@%tﬂffﬁﬂmiﬁﬁ/ﬂﬂﬁi%ﬂiﬁﬁ/ﬂﬁﬁE’J:é&‘ﬂlﬁ 5 (O AP RIB LS

o b
b

AT, h

EARPEEARIESE R SRR R BT A i 2. anfe B 3 (o) A5 B2 A B o UM S4B 2 A y =0

Lﬁﬁﬁﬂéi,?%aiitﬁ

(n; —ny) X (_cZa; 2)

9¢(x,0) _2m L) X j212 _

dx A S -
C, r —, (5)

1—1‘—2 —a
az

X . . G N . KR C, = EVATIREAREACE XOY HE AN
TAmecOuay) L TR Gue) FIRSAE A B BT A0 & (L B A B e S AR
a’ e 2 T A ’ F7 18] 1 10 o A — 55 AR 437 P P TG 1 3 7 T AT ) S B

B IEW I 2= +a B »=+R 4b, BIfE
MLk GREA T AL AR B TO RS S, (HAERE A 3
R A R ] 22 43 0 5 1 Ok TSR AR A6 BB BE 1Y, TE
x=a BH x=LR AARNIAR (AR R X A
AR AR, FEAE B 43 A i 4k b 3R R kAR A5, an &l 3
(b A B.C.D SR RIE y=0 BAHALERE
itk SRR Bl SR SE skl . H I 2 A T BB 2

AL A7 S8 SR A B 58 40 R Y Ay it s — o)
FL BT BRI A A AH L IE S B ARG T 1] 53501 >R
A% 2 WEAHAL AT, 51 70531 £ B EH B A S AR XS
JSE AL L B 120 A S Pz AR N 5k e o 4
L TE 32 AT T ERCHE (1] £ %5 17 D 2R B vt A it s G
=4 bR . HrPIESRARRE BR A IR A it
M IEAS T AR, AR L TR 4 P

3 6
Laser  SPF BS1 BS3
R 27
L1 L2 A/43
2 4 - /1/21)
BS2 ) CCDl16
BS5
10
M CCD217

12 2/42/2 BS4

13 14

Pl 4 RTINS

Fig. 4 Imaging device of orthogonal interference phase

[22]

2312006-4



41 % 523 #1/2021 £ 12 B/

TEE 4 WL L1, L2 N EERb & 5L SPF 25 (0] €
Bty s BS1~BS5 #1843 648 s M1, M2 N 5 53
56 R AYE O1.2% 56 R2 Mt O2 43538

i BS5.BS4 KA, BE S AR AAR B 43 CCD1
CCD2 frkfE., AR ZE IR SR AT ik il A i ik
FRANATAS 2R S IE A W A FUE B i 1 PR,

1R IR AR A IE AL T ) 1 5 A A

Table 1  Orthogonal boundary point coordinates of two-medium concentric ellipsoid model

Light along Y direction

Light along Z direction

Serial number XOZ projection face

coordinate x /pixle

XOZ projection face

coordinate z /pixle

XOY projection face XOY projection face

coordinate x /pixle coordinates y /pixle

119 27
139 27
111 28
147 28
105 29

1 116 40
2 142 40
3 108 41
4 150 41
5 102 42
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Table 2 Control point coordinates of two-medium concentric ellipsoid model in different orthogonal directions

Serial XOZ projection face coordinate XOY projection face coordinate Spatial coordinate
number x /pixle z /pixle x /pixle y /pixle X /pm Y /pm Z /pm
1 210 174 210 180 12.7 8 7
2 210 84 210 180 12.7 8 —7
3 210 174 210 78 12.7 —8 7
4 210 84 210 78 12.7 —38 —7
5 48 174 180 —12.7 8 7
6 48 84 180 —12.7 8 —7
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Fig. 6 Contour reconstruction image of two-medium
concentric ellipsoid model
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Table 3 Contour extraction results of two-medium concentric ellipsoid model

Spheroid axis long Ball diameter Anyy, Any, .
Directi Soluti Soluti Soluti Soluti Rebuilding
irectio olution olution olution olution
rection Error /% Error /% Error /% Error /% time /s
value /pm value /pm value /pm value /pm
X 37.7 4.7 8.4 5.0 0. 029 3.3 0. 086 4.4 0. 48
Z 28.0 0 7.9 1.25 0.03 0 0. 092 2.2 '
(b) Phase /rad (c) Phase /rad
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Fig. 8 Two-medium eccentric sphere model. (a) Schematic diagram of model space structure; (b) phase map of
model in XOZ plane; (c¢) phase map of model in YOZ plane
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Table 4 Reconstruction data of tow-medium eccentric sphere model

Thickness Refractive index Thickness Refractive index
Direction . . Time /s
Ahy /pm difference Any, Ahy/pm difference An,
Standard 8.0 0.03 4.0 0.09
Z 8.1 0.029 4.01 0. 089 0.21
Error /% 1.25 3.33 0.25 0.11
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