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Depth estimation in computational ghost imaging system using auto-

focusing method with adaptive focus window
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Abstract: In a Computational Ghost Imaging (CGI) system, the axial depth of the target can be obtained by
estimating the degree of blur of the reconstructed image. However, this method is easy to be affected by
background noise and requires a long working distance for the image quality evaluation function, so this method
needs more samplings and the practicability is reduced. To solve this problem, a target depth estimated algorithm
with adapted focusing window was proposed. Firstly the local search interval was divided according to the global
characteristics of the evaluation function, and then the actual axial depth of the target was searched iteratively in a
given region. In iterations, the use of adaptive window decreased the area of background and contained the whole
target. Experiments show that the proposed method greatly reduces the necessary working distance, increases the
robustness of this method, reduces the effect of background noise on the evaluation function, and achieves the
depth of target under low samplings. This work promotes the development of depth estimation method based on

computational ghost imaging system.

Wis HER:2019-11-03;  1&iT HHB:2019-12-18

EESWB: HEK A RBAIES (61501242); TLIME HITHS | G0 AR EERFFFT L 75 (BK20192003)

EE BT A (1968-), T, BFFE 0, 11, FEMNFEHOCEAIFFT . Email: shfyf@126.com

BIRAEE Sk SC (1981-), 2, RIWFSE 5L, 1L, FEAFOLHAGIRIN 5 1F S # 5T . Email: zhangww@njust.edu.cn

03030201



s E gk A2

% 34

www.irla.cn

o

% 49 %

Key words: ghost imaging;

working distance

0 35

P2 1% (Ghost Imaging, GI) & —Fh 438 i W% 5
o S MOCHR R R G F G SO S 6 O
ST VR ) OGRS HARIE RN JEAER, GLER
B R &, BFgE A B BN LU W 7 1 et
G (1) B LR RCR B A B 1 e, i 1 250 L
P — Ak B AR, B R A A T R
(2) TER UK, $2 7 HUR A It L AR, T A
JGUIR Y T RO T IR A Dy T 5

Iy —J5 T, AT AR SR R R G BUE T A L
i, BHIE L T 35 R & (Computational Ghost
Imaging, CGD)"*™", Rl 7€ 4l A6 {7 % 25 [u) S 8 1 &5
(SLM) b Fit 5e in 2k — & 5 B AL AR o7 B4R, 3 i 31537
235 (8] B AN R B R AT 3T 96 5 (Virtual Diffracted
Patterns, VDP) U QL BUGR RGEH 9S 03K, FEIK T
B RGE L ARG, BT 2R A
P LASR, 38 AT LA A 35 2% 2F (DMD) 55 35k
FEVR, 25 A G RE ST ARG S R sl o TR 8 R,
SCEE H AR = 45 B

A, TR R R B B Al B AR EE 1Y)
it )1 4 VDP L4555 5 H AR IR BE AR DL I, A0
FE T A4 LT T A TR, Bz W 2 A5 B AR 1Y B A A
16 FM AR B AR R B B T A R S R iR S
PRUREE Z (B 22 o PRI, — 2l 35 0] ISP R
% (Imaging Quality Evaluate Function, IQEF) X B 4 [&]
TR B AR AR B A TIT 0,

il

TEMO00
mode beam

Aperture

object depth estimation;

adaptive focus window;  deep Fresnel region;

R.He 2 i 7 2 F = 70 ¥ B9 B FE 1R /K X (Deep-
Fresnel, DF)?" 153 9L iR A sloo) £ 75 12:22), 35 F A 2
HH % 2250 (Deviation-based Correlation, DBC) 1k 1%
i VA BRIP4 Y B3 AR AR B2, AN B AR e e
FIHR, K S DBC BRI 42 JR) die KBS 2 H AR i R
P ZEERE TAEM R —UGE IR
A7 B AR A T DBC M £k 4 Jai 55 K PR A0 7y B 30 [XC Ji]
P, 75 I e 2R AR SR AT e Ry R AR . (R
S5 DBC A o FH 1 % A5 1 11, S o A S e s 2 5
M) DBC FMERA M, 15550 R e TAE .

BEXT LR ), 46 T AT B A R
AR BRI BEAG T 1, e SE R IR 7%
FETRAR VR IR DX A R0l £ A o a1k R e o

1 EieoHh

1.1 BERS%

ST R E AN 1 TR o 632.8 nm O A &
14 1 L6 BRIR 5 7 T 5 hk 49 2 () % 38 i 2§ (Spatial
Light Modulator, SLM) I, SLM H A 1080x1 920
rHER, AR RN 8 umx8 pm, K I A
£ SLM 4% 7il125 x 125BEHLAHL B %, Hoh A &R
Herh SLM 8 x 8 MG R Ak, B S B b — 4 [
E 25 AR A A . 78 SLM 5 TR A& — M &
Ly FUL, 0 Af RSt FE 4f RGNS B P11,
FLEESEIR PR+ AT BOGEE . L, (145 451 T e X
Sk BB AL 4G B GR T, B 2 = 0(z3 7 BB A% 45 1 #E
B9 FUREIM G T R A IR E S

Object Single-pixel
detector

B SR E R R

Fig.1 Experimental setup

0303020-2



bk A2

%34 www.irla.cn % 49 A
I FARRUCEfE2 = LAb, 1 T SLM | MAR{ss 3150

AR BN, DL, T L -2 5 M A 2 dDBCY|

VF 2= LAb 19 96 59 Ey(x,o = LG 2 55 bl B 7 Sg“( az ) = sen(Vaen = Vo) @

%) 14 VDP, VDP (158 Ji .
Ri(x) = |Ei(x,z= L) (1
N T TRz = LI 3 5 R ECH Ty Hbx, ¥
z= LALBYAH R VDP B3R (5 R 000 & & 1Y
SR EAELS AMOCIRIZ 3,45 3 Y LR 1 R
G(x)=(S; R(0))—(SHR(x)),i=1,..,P  (2)
Ao - HRR PRI R EET- 1.
1.2 EF DBC MR Efhit 77 RIE
DBC IR AZ (3) Fin:

DBC:ZZ[[(x,y)I(x+1,y+1)—72 3)

b PREAIEIE; O y) R RIS TR AP,

2. dADBC — .
DBC Bil— 4L % HIFF T HZT LR A (4)
¢ The first = DBC
derivative of DBC curve
45 x10™ Object 1
S T
I | F‘Tr
|| A
ST A R
@] | ] A
/m J 3
. o
2.5 | || ‘(.-' :
| | o~ '|“" 1
i P ot | S
15 : : L]
5 10 15 20

Propagation distance of VDP/cm

((@PpAOg@)p) uds

s Voo W3k TR B2 20 4 H A (K217 DBC ..

SCHE [22] HhE X DBC 12k 42 5 e KA s W 4
KA — BB X (A BN TAE PR B wo BTN 1) 48
R Ry L, e L, R R AR IR X E /6 4
S £ I M PRT R RO AR B A 8L, R, TR
w X I X SRR WA A WO — 0, R w, > L/2, Ab T4 )R
F RAB 5 — ) 3 DX T 2 R A8 AR 1Y, SR AT DAL AIE
LIRS E TAE,

Kl 2(a). (b) 733 A CE AEz = 17.8 cm AL 1 BLEEAE
FREEM = 5 0001 M =2 000} () DBC ik (& 2
Wt k) LA b DBC %5 1 — BT £ (K 2 v ar ¢ i
). LA, YRR SOR 18 Z 1), DBC i 5T
T, TE— 2 T IR A AT DR E B

¢ The first = DBC
derivative of DBC curve
x10" Object 1
13F -|| ‘-JL|(*)I
r 2
\ || || | ! I'-,| | ‘ OE
ol2t ! Py =
s | { L =
@ N | | RN
| 1 | =
L e ) L o O
AR R
Al W e I TR O Lol l
1.0 : : LI
5 10 15 20

Propagation distance of VDP/cm

Bl 2 BhRAy RS, REDREEECR DBC IZR AR 2 B — 402k . (a) RAEE 5000 2 (b) SRRE 2 000 1k
Fig.2 DBC curves and the first derivative of DBC curves with different sampling numbers when the object is a double-slit. (a) 5000 samplings; (b) 2000

samplings
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samplings. (a) object’3’; (b) object’4’
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