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Fig. 1. Four-cell division algorithm: (a) The segment of father layer being modulated; (b) the optimal phase

distribution of father layer; (c)—(g) the segments of father layer being divided into four segments sequentially, and

begin to modulate the segment of son layer; (h) the optimal phase distribution of son layer; (i) the segments of son

layer being divided into four segments, and begin to modulate the segment of grandson layer.
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Fig. 2. Schematic diagram of forwardscatter and backscat-
ter: (a) Forwardscatter; (b) backscatter; 1, 2, 3, the out-
put light after multiple scattering; 4, the output light with-
out multiple scattering; @, @), @), divided the sample into
three layer; surface 1, forward surface of sample; surface

2, backward surface of sample.
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Fig. 3. Experimental setup for forward scattering:
632.8 nm, laser; M, mirror; O1, Oz, O3,40x, 10x, 20X
microscope objectives; L1, Lo, L3,lenses, focal lengths
75, 300, 100 mm; SLM, spatial light modulator; S,

sample; CCD, camera.
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Fig. 4. (color online) The result of forward scattering: (a) “0” phase distribution; the optimal phase distribution

for different segments (c) 4 segments, (d) 16 segments, (e) 64 segments, (i) 256 segments, (j) 1024 segments,

(k) 4096 segments; (b) the result of loading the “0” phase distribution, the result of loading different optimal

phase distribution on SLM: (f) 4 segments, (g) 16 segments, (h) 64 segments, (1) 256 segments, (m) 1024 segments;

(n) 4096 segments.
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Fig. 5. (color online) The enhancement of target
area based on different number of modulated segments
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from four-element division algorithms; triangle, the
enhancement from continuous sequential algorithms;

each algorithm is performed three times.
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Fig. 7. (color online) The result of forward scattering: (a) “0” phase distribution; the optimal phase distribution
for different segments (c) 4 segments, (d) 16 segments, (g) 64 segments, (h) 256 segments; (b) the result of loading
the “0” phase distribution, the result of loading different optimal phase distribution on SLM (e) 4 segments, (f) 16
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S R BN 2.45 — B K F) 32.31 (=K S2 4
PISERME). R 2 R4 R R B R K, W
B8 AT, L Hp s A R 32 7 ST 1 1) 16 B e AN 3
M2x2 = 4N —HEHKF16x16 = 256 1, AR
N SEES ARG SR A AL, [ SN IR G I R 03 5
FEEL, BRI [R B T AN BT 3 RS, BT DL
AN BRI EOG R 3 AN B o5 B S T L, 2 )
TCHUNM 2x2 = 4 —HIE K 16x16 = 256 I, F]
FH DY 6 2 At 509 R A5 21 (1) 38 5 A5 M. 2.45 39 K
B 32.31( = IR G256 1)V 3548, o4 K ka4
THREOE B K%, KR E oo
TRy N ERCTE: (€ R RN i NP Y N TR = i
A, 15 A% H s ST 1) BR e 5= R 3G o i K
R (5) TS0 AT LTS 2 28k 7 3 i) 1) oo N Ok
16 x 16 B, X T VU CEAR L, 705 M H Se i 4,
HEZZ0.94, U TR EER T 5 M BUR
MRERA RIFES .

F 2 AFEBRSLETTANEOE B R R ARAL 6 RE G AE AL
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Four-element division algorithm for focusing light
through scattering medium”®
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Abstract

Light transport in complex disordered medium, such as white paint, milk, is a fundamental physical phenomenon,
and it plays an important role in numerous applications including imaging through turbid layers, and quantum informa-
tion processes. However, all spatial coherence is lost due to the distorted incident wavefront caused by repeated scattering
and interference. Incident coherent light diffuses through the medium and cannot form a geometric focus but a volume
speckle field on the imaging plane. In this paper, we propose a four-element division algorithm and experimentally
demonstrate that using this algorithm to modulate the incident light, the shaped wavefront can focus through disordered
material. At the beginning, we start with four segments on spatial light modulator (SLM), changing the phase of each
segment from 0-271 to search for the optimal phase in terms of the maximal output intensity at a certain field. After
the optimal phase of these four segments is found, each of all segments is divided further into four subsegments, so 16
subsegments are formed on the SLM. Just like the first step, the optimal phase is found by cycling the phases of these
16 subsegments. Sequentially, this procedure is repeated several times, so more and more subsegments are obtained. As
a result, the modulated input light from SLM can be focused after it has passed through the turbid scattering medium.
By employing this approach in the forward scattered experiment, the total pixels of spatial light modulator are divided
into 4-4096 segments to shape the incident light. After separately searching for all the optimal phase distributions, we
can see that a sharp focusing is gradually achieved. Likewise, in backscattered experiment, 4-1024 segments are used to
focus the incident light after passing through the diffuse material. In comparison with stepwise sequential algorithm, the
main advantage of our method is that the interference effect of all segments on SLM is taken into consideration, which
means that the modulated and the modulating segments are connected with each other. In this way, the signal-to-noise
ratio is higher and no iteration is needed. All this experiment shows that the four-element division algorithm can be
employed to focus the incident light passing through a disorder material efficiently, which maybe provide a new idea and

method in the field of biomedical imaging through scattering medium.

Keywords: turbid medium, focusing, constructive interference, four-element division algorithm

PACS: 42.25.Hz, 42.30.Rx, 78.20.—¢ DOI: 10.7498/aps.66.114202

* Project supported by the National Natural Science Foundation of China (Grant Nos. 61377054, 61675140).
# These authors contributed equally.

Corresponding author. E-mail: panglin_p@yahoo.com
1% g pang Py

114202-11


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.66.114202

	1引    言
	2算法描述
	2.1 光场描述
	2.2 四元裂解法
	Fig 1


	3实    验
	Fig 2
	3.1 前向散射
	Fig 3
	Fig 4
	Table 1
	Fig 5

	3.2 后向散射
	Fig 6
	Fig 7
	Table 2
	Fig 8


	4讨    论
	Fig 9
	Fig 10
	Fig 11


	5总    结
	References
	Abstract

