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Abstract In our daily life, we often come into contact with various scattering media, such as ground glass,
biological soft tissues, clouds and fog. Ground glass can generally be considered as a surface scattering medium
without thickness, that is, a random phase mask. But biological soft tissues such as chicken breast are volume
scattering media with a non-negligible thickness. The propagation process of light in a volume scattering medium
such as chicken breast is complicated and is affected by factors such as thickness and anisotropy factor. In
experiments, researchers often choose ground glass as the scattering medium, and tend to extend the relevant
conclusions directly to the volume scattering medium such as chicken breast. We compare and analyze their
differences in imaging and scattering energy distribution between ground glass and volume scattering media based on
the energy distribution. In addition, we have proposed and used an integral divergence angle measurement method to
explore the conditions under which the two speckle distributions are approximately equivalent.
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Fig. 1 Diagram of experimental setup in simulation
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Fig. 2 Simulated imaging results of scattering samples with different thicknesses and ground glass (scale bar is 207 pm,

sub-image in upper-left corner is 4 X magnification of central area of corresponding speckle image, and H denotes

220 mesh ground glass). (al)-(a5) Imaging results with lens; (b1)-(b5) results after removing lens
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Fig. 3 Simulated imaging results of scattering media with different anisotropy factors (scale bar is 207 pm, sub-image in

upper-left corner is 4 X magnification of central area of corresponding speckle image, and H denotes 220 mesh

ground glass). (al)-(a5) Imaging results with lens; (b1)-(b5) results after removing lens

A S F/NT 0,95 LU BUBEE
JERA H AR AR X T4 1 A R T 0095 194K
B A 5T DA B B 3 38, JFL BT X 0 1 HICEE P T I B 42
—> ] BB Y 5L D] 2 Bl B A% T e 1 PR B G ORI 1
BT 5, BB RE £ 43 A A b BB IR R T
HLE S TSR
3.2 HSABABHER

R T k2 LB 2 aik T BB RO RO A B K
SO AT B 25 5 AT TR 4 Fros By Sk e
B 220 HA 600 HEBEHS LSS R 2 500 1k
PR B i, HEAT T O O R A3 A 25 S B R bE S
5. WK 532 nm (19 ROG B EUR A BT S
WAL 5 cm B CCD i, ST B H A N
1 mm,

laser scattering medium CCD
;I

;::

i |

i

P4 S OB O3 A 22 S B S 0 2 R IR

Fig. 4 Diagram of experimental setup for measuring

differences in speckle intensities of scattering media
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Fig. 5 Scattering light intensity distributions of volume scattering media and ground glass with different parameters.

86420 2 4 6 8 10 12
Divergence angle /(°)

86 4 2 0 2 4 6 8
Divergence angle /(°)

(al)(a2) Volume scattering media with g¢=0.95; (b1l)(b2) volume scattering media with ¢ =0.98; (cl)(c2) ground

glass with different meshes

NG Al 2L B 5 (e2) 4 T 120 H.220 H
DL 600 H B 3EHS 06wk o A ph 4. W5 ZEam I —
ST EEE AR 2 T HE YAy . B 5(a2) L (b2)
FR ik fa#h — 30, 51 5 al) (b1 2L, B &
JEL R 84 T, TR 0] ' 5 R 9T B KL (HL B 25 TR Y
Ko, B 5Ca2) | (b2) fif 7~ il 26 0 2 0 42 58 3 K, B
M i 26 B 46 TH AT 5Cal) (b1 F-28, X H &
5CcD A 5Cc2)  AMER I, 120 HH 220 H & B 55
(R ASE SR S 56 25 S L A I 30T 5 600 H B B B 114 455 410
S5 LR 200 T E O AR T SR 4 R T
r e BRI SR T A S A R g
B2 i R R (1 FL AR TR v YA 2 T 1) EBCE Y R
3.3 RoLHMAnNNERE

M 3.2 T IRATTHE AN R S50 R A L R
SN M BB B OGRS AR 2, B R
2 A B A T T . B R T S 1 L 81 A O O Y A
FEYHUREEE . Ry T PP A EIUR A JoR T 30 1Y) A5 K
FREE FRATTHE N T — AP br e . BN R B . MW
Ry A AR AR, AT LA Ry (ARG A 5 B
T BB YW E I B & U AN S RO
A TR B B I 22 R BCOR 2 T B o 513 B 1 45
UNAS BE B3 I FH T IR O A 2. B3 2k A D
DR R R BB & WA IR R (E D,
15 BIHCBE 53417, Z J5 XF FR B2 A7 A R 0 0 A% 5% A8

e ARG B R B AR . %5 2R
B8 T OGS R R A 1A S IR R n]
BB FACTECN A BRUAEGE— b o T HEAT LU, X LR
100 T IO D' B S P B LI SR B R A Y
AREAGIT JEER T 22 0 MU A U Bk A 1Y fE L
Y o AN 25 1) S P D T AR R O B A s e R
JEEE R AL IIE 6 FroR e 0 By KA .

0.996 |
>
2 0.992 |
o

0.988

0.984 L L L L

0 0.4 0.8 1.2 1.6 2.0
d /mm

&6 PAHUIT A A R 43 R HICAR 0 45X 1 A SR R 0 A8 kit 2
Fig. 6 Cosines of integral divergence angles of volume

scattering media versus thicknesses

NIEL 6 1] L H L 78 P RR A 1) R R B
RHUA A ZEY R e IR, R ET 8T 5
(1 PRBCY O 38 BRI A5 220 H A 600 H BB
B 0 R or R B A 5% H 43 A 0. 99277911
0.99883116, TEFTH#EARMET , A [F] H 8oy & B 55 1)

1729002-5



FE 41 % F17H/2021 £9 B/FEHER

B> e BA A TR AEL 5 R E 4% 1) S P DR 1 L S R T

AT B A . 220 H B 358 09 B U AR

WAEM g =0.95.d=0.7 mm DA g=0.98.d=
1.7 mm PR HECS A B RUA 25, 600 H B3 ES A9

g=0.95,

220 mesh d=0.70 mm

(aD

scattered light
intensity distribution

9=0.98, 9=0.95,
d=1.70 mm

... (bl)...

SPREAAZMEMNS ¢=0.95.d =0.3 mm DI K&

g=0.98.d=0.8 mm AYMHELEH A UL UAH 55
220 HAI 600 H BIHE 5 55RO B A BT 1 B

S8 43 A Bt R 1) & A A Ay A AN 7 TR .

9=0.98,

600 mesh d=0.80 mm

d= O30mm

(32) —=—220 mesh (b2) 1.0 —=— 600 mesh
—e—0=0.95, d=0.70 mm —e— ¢=0.95, d=0.30 mm
—a—0=0.98, d=1.70 mm —a—g=0.98, d=0.80 mm
208} g 08r
20 =
D (<5
divergence angle ¥ (¢ L 2 06pF
weight distribution g g
Té 04 g 4T
3 S 02Fp
“ 02 “
0k
O A 'l A A A A A A A A A A A A
0 1 2 3 4 5 7 0 1 2 3 4 5 6 7

Divergence angle /(°)

Kl 7 220 BN 600 H BB RS -5 A5 RO S J5 A BIUR G 3 20 A1 S X 1o 9 AR 23 S BOF AN L 20 A A 4D 45 2

Divergence angle /(°)

. (al)(a2) 200 H

EPEEE 5 FHURTBUR A B (b1 (b2) 600 H T3R5 S5 BUAR U A i

Fig. 7 Scattering light intensity distributions and corresponding weight distribution results of integral divergence angles of

220 mesh and 600 mesh ground glass and their equivalent volume scattering media. (al)(a2) 220 mesh ground glass

and its equivalent volume scattering media; (bl)(b2) 600 mesh ground glass and its equivalent volume scattering
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