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Abstract In traditional direct imaging a scattering medium between the object and detection system will severely
degrade the image quality. Computational correlation imaging (GI) has a unique advantage in that the effect of the
light scattering can be greatly reduced. We present an analysis of computational correlation imaging and traditional
direct imaging (TDI) with a turbid medium in various locations in the beam paths. It is found that a scattering
medium in the illumination path will decrease the reconstructed imaging quality, while if it is only in the detection
path it has almost no effect. Experimental results with a scattering medium in both the illumination and detection
paths show an improved contrast-to-noise ratio of 2.98 compared with 2.72 for conventional direct imaging. These
results are important for imaging objects embedded in media such as fog, smoke and cloud.
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Fig. 1 Scheme for CGI. (a) Without scattering medium; (b) scattering medium in illumination path;

(¢) scattering medium in reception path; (d) scattering medium in both illumination and reception path

X —FE B W E 1(h) frR & e s E L SR8 (. y) L (o y) HGSE &4
PEAR 1A BT Do JE AR DG 0 AR AR R 5 e Ui B ) SOkER S R
S, dexdy[al(x,y)Jrﬁhcal(x,y)]’l‘(x,y)o (6)
B (6) RN (2) A
G (x,y) =<S [(x,y)) =S (x,y)) =
Lal(xsy) + Bl u (xsy) T (xoy) [ (x,y)) — (Lal(xyy) +Blea (x s y) T (o)) (2 ,y)) =
a * [{(SI(x,y)) —AS){I(xsy]=a +G(x,y), 7
A (D AT, BT BSOS RO 6 Z AN FE B SCHRPE 3B B AR 45 R Gy (s ) PR HLAH
ORI o £5 . VEAXT I A% G0 12 R B A SZ2 B0 A BT T4 SRR B 89655 To (20 y) 5K 5 55T
R RBORE L, B
In(x,y) =lal(x,y) +Bla(xsy)]T(x,y), (8)

1026017-3



ot % % i1

XF T8 AE DL, BN A B Dy 2 T oA RITERIN &% 2 0] A Bk AR B 1o s, i T E SO
S5 DA R % N0 45 AT ), e 2 S A TGS O A By W WAV D e R B ERAR R 5 ) SO R AL S, KR
5N BT Dy I 68 Wi 1 (EL K 7 FEADRFF — 2. PRI B R BR 5 2R G, (s ) ) A SZ U A BT Dy
40, B

S, :J[GI(I T (xy) + 8o (x,y) Jdady %JI(JE s T(x,y)dxdy, (€D)

G, (x,y) =<S, [ (x,y)) — (S I(x,y)) = G(x,y), (10)
Kb o HESHOCRE S 2MMASCH IR EZ . ¢ i AR SR L, B98O OGRS 4 i i ot i
Z Lo (20 y) HOGIET DeJ5 THUN LY
XL G B NUR s R SR Ty, (o s ) T HY T 32 2RO 1 TP 0045 UGS 3 JE 58 O LR TR R B
I (x,y) =cl(x,y)T(x,y) +T(x,y), 1D
X F 5 = Rl B B A B Do Dy [RIHAEAE L A 1 (D) B 7R S fe 452 30T T 3153 56 BR AR 52 bR 7 FH T 38
TR B T A5 U AR I 3 B A [, ORI BRI AR DU 0 G BECR AR S B B SO RN S O W 4
3k I IR B 1 N Ol iR SR A RN ) Y 3 AT OGRS B BUR DL I TS AR E R ZE R G (20 )
J BRARE DL T Y o AL BD

Ss :JO'{O'{I:HI(Isy> +Blsm1(1',y):|T(1‘,y)} Jfglsmg(l'»y)}dxdy e

J[al(l',y) 4+ Bl (xsy)]T (x,y)dxdy, (12>

Gi(x,y) =(S;I1(x,y)) —(S)HU(x,y)) =~

Lal(xsy) +Blu (xsy)T(xsy) ]I (x,y)) — (Lal(xsy) +Bla (xsy) T (o y)) I (2 ,y)) =

a+ [{(SI(x,y)) — (ST (x y))]=a +G(x,y), (13)
o T (o) R G35 3 W BB A0 5T D F Dy J5 IV HUI DG . 1858 B URZ5 2R T (s ) [ AR 23 [R] IR
BB H SO MG e, J

Is(xsy) =c{lal(xsy) + Bl (xsy) IT(xsy) )+ Lo (2 sy) (14

T80 (6) ~ (L) AT LAAR Y, BT 55 R D0 AN 5 =M B0 T W15 58 B 4 UR 45 R — B0 56 —Fh
17 O A SR =i B0 T TSGR 4 R — B, XAR S8 A BUR N 5 L AT AR BN BT Dy R g1 Y 1K
5 G G 58 BE 43 A5 AN 34 o8 WA A R T 5 4R MU AR D E IR A BT Dy 5 B HIUN D6 7 23 B A R BT A
XFPHEE OGRS AR T B BRI A BT Da 235 1R B A RGBT s el s 2 AR T B B A BT Dy AN 43
S B 28 1) AR 5 R 5 U BT D WDy [R] IS AEFE I o AR 45 5% L BE A BT R B L B il T RE R AIRBUR / BT Dy
T80, AR B i A TR 58 R .

3 SEEt

R A TR 33 S IR LA 19 52 el 43 A7 S 9 06 L G TRT 2 S SR R 8 OGRS L SO B L E B RGE
e a3 DGR e R S ORI LRI A B2 . RO A B A3 S B T s ) DG A s R H
PRIAR Z 18] 1Y 4 5 A o E AR 1A AN i 22 1) A B W B A L DL S [RD I 6 T O S B AR A i B A2 B i
A% S R 41 S 37 ) 355 2% SR FH 0 Bl B i F (DMID, 55 [ 480N A3 28 28 WD A R 23 8] 6 I i % . i% DMD & A
1024 X 768 M BLTT , B K/ 13.68 pm X 13.68 pm, SBR[ BE /N F 1 pem, 47 2088 T K/ 14,008 pm X
10.506 pm ., SCEG A B 640 X 580 AMBE BT I DL 2 X 2 AN BEAE R 1 AN BT, IR 3 320X 290 A4~
Wl oT, g, KA 532 nm WG OGS K IS St 5 OME BLUS DL 24° 92 £ A 3] DMD 5 BF 1, 5
A TCBE A2 K507 L B 2R 0 v O R R A ) A AR AR X TR T 12° B — 1274 Bl S B AR e 37 B R L 0T TR
ABFTIRN 0.72 mW ., HRAE 622 RO M IR 2] 1270, S 78 35 5 07 1m0 5, 1m0 95 B — 127/ okl
fivs B3 G . g 5 R A% B8 B AR S T B OCTR AR L 2 56 T T I 4% R e Tl AR BIL (Viewworks 23 7]
VC-2MC-M340E0 B , & 5 B He UG 45 RO IR T %A B2 BB O IS 19 7 18 28 o [] g B0 i 9016 377 58
JE AT RS S SR A TR % 194 SO B e A T T B QI AR

1026017-4



Bl 2 SiEobig s B
Fig. 2 Experimental light path diagram

S HR I PR A PR R DMID 54 38 i3 B 58 E R 100 Hz, SE6 A BTG B9 B ks 80K g i3 5 % 5 &
“K”,WRRS R 12 mm X 15 mm, i S S EE 250 L, =75 mm #l L, =50 mm,

PO A 5T Sk B At A SR R 0 JE AR 1 7K 43 O, ISR %5 B 0 =1.25 mg/mL, JL B3P s AR IR 3R 4K
p 232 em LR HAR dA2.75 pm, NI 21d /A =32.48 FEA K B A5 . BRI E T 30 C
LS BB TR TS R 3l 25 O O 2 I R RE AR L BT REAR B 5,35 X107 AN [RRLF BLAR A IH —
PR HE AR A3 A U 3 BT kL B AR A A AE 2.4~ 3.2 pom, 2B HP e T A9 B A R 5 46 O T A H €20 T, 328 D
HRSFH 10 mm X 40 mm, A BOEFEN 10 mm,

100 - @ normalized probability

distribution of particles
diameter

80
60

40

Normalized probability /%

20

0

2400 2600 2800 3000 3200
Particle diameter /nm

3 HUB A B AL 3R R &0 R LR 0 — AR o A
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(b) scattering medium in illumination path; (c) scattering medium in reception path;

(d) scattering medium in both illumination and reception path
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