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The effect of SLM pattern on the image quality in computational ghost
Imaging

Mohammad Zafari, Sohrab Ahmadi Kandjani, and Reza Kheradmand

Research Institute for Applied Physics and Astronomy, University of Tabriz, Tabriz, Iran
Abstract- In this paper we present a new technique for reconstructing image in computational ghost imaging (CGI) which
dramatically enhances the ghost image quality. For this aim, we reconstruct ghost image by using this method, both with
simulation and experimental methods and calculate the image quality parameters (visibility, signal to noise ratio (SNR) and
contrast to noise ratio (CNR)). The calculated values show the superiority of this method over conventional method.

Keywords: Ghost image, Image quality, Visibility, Signal to noise ratio (SNR), Contrast to noise ratio (CNR)

\YYY


http://www.opsi.ir/article-1-258-fa.html

[ Downloaded from www.opsi.ir on 2025-11-16 ]

& bwlxo CawsS (55w pguai Y

sbb)slasd Gl (Jyore  slaplosr o
OBz ol aid SOl ) Al Hee b (S
@ 5y 0Bl Sy bawg 4yl ul 45 Wigd oo adgS
Sl gl ;3 O9b o0 el (o 5 @2 0 4L 93
oS 5ley b st slasd slagSUl 51 ity oMbl S
b sl Salcwl 65950 6yl S 0 0,95 1 a4
2]y Slleg gz e g9ilk o (plad SS& O jad
3 Se sle,al S o wes e plas Sy
Sl Sy aen o) Slleg goamme (o 53k

WS oo S ol ]y Sl (56X

Sl L Fa Sl cwsS Gilupsal o
S ogb oo ol e (SLM),e  olad  [sVgoe
Cosdy gdads 3, olmyl (el Sl clois)s
Wil polre Dal Ollugl ez > (pl jo 000 oo
ol goue Sl b glyi e 1) JWKm 55k
b bl 5T g g eatdlSs 4y 5L oulplty o5
lad rgden pf joi el a8y ol olad SUSS
SLM (59, p(X,y) Solasars 558 slagSl Jloel L
pobre 531 SlagSIl I )ISS ya (sl 9z 95 or 355
Sy & SLM Sl o ey 1) Glawe Gles oo caiinn

Do lo 5 il g

E,(x,y,z =0)=E (Meldkx.y) M)
O35 potre b Zwl SLM (55, (6992 (slae EW s
oolai Wl LSLM 517 alols jo lawe (E((X,Y,Z =0)

09d o0 drlne uiSoge - Ji S lasil 5l
M)

iAz i ()22
© [aganE -y -nop 2 "
iAz

Juisl & 5l sl ol gie zsesbo 4 oS
s i (Sican 51750 a5 T(XY) oz
slaoas L (I )z 7 -b )0 ool il ool
osliisl (By )eS gy sl (K0T Laasgi o0 (6 S0l

E (x,y,2)=

Sy
I =|Er (x,y,2 :L)|2 )
B, :J'dxdylr(x,y,L)F(X,Y) )

1398 o0 drlote 1) Ojp0 & CewsS pgal Culed o

et o oKSls AVAY oo Ve LA

doddo —)

2500 Olee oIl 00551 ey ssS (g3l g
GxSoslul 5leslitul b (b S by e (ope
oialesl S5y IS ek 4 cid (555 Gl (Ko
4 oo5ilsS b (Sl pie S asS (g5l g
S50 S (oo gl oSl 0 b dlcen (5599 4S5k 90
3)55 ez s aS0,b SO () JSK)0 55 oo 1,8 olanl
S lSsl S 4 g WS piSeny O by eoS
o ol S OyaE AT (S ) Sy
Joe e S50 500 4L &SI o e
@ Py o) ez b LS 0 e g WS (e 25 >
L CCD al,l o) Y S5 j08 L 5l 801 Sy
Sy oSy Wiz (29,5 45 WS (0 9,95 » (CMOS
(ot @b (6550 b azr CengS pgeai 003 oo
ey 3l ST ol 51 Lol 4S5l g0 ity iz

D-alwl

pinhole detector, center p,

- . . : (scanning)
Source EE(:O'U E1(P:f)§
(classical or quantum) [€—————————= |

YYYA

I T A

ER (p f}
L-meter free space .
propagation L C(p )
mrre@—bl
A
. Object, T(p)

Ey(pt )

2 (P <

Bucket detector (fixed)
L (t)

[V Jgane s (53l oz 1) IS

"

ol el Jde ol a4 TS ngbuﬁ},as" M|
S plSae (g 45 Ssdiee 0dp L5 4 ewyy
S G3lesb 1) poa Wl ces (oleis 4 lajl 15T

T35l glia 5l odal Condy CungS sl 4z S
S S s (S LI (eaien s slagygisd
b b SISl I Jol> pglai 4
sloF® @o) Sy O (&>
L osslsS b 0,15 ol ($5558 5o 5 oSeno
ookl 3l Gl Jls jo cplply .l 00,5 dguze

el 03 S 353w | g0k 4zl (SedlS il

IRy


http://www.opsi.ir/article-1-258-fa.html

[ Downloaded from www.opsi.ir on 2025-11-16 ]

Olnl 598 (559L8 g (s il ST il ol pod 4y )l Sogigd 9 Sl il S et

b S ks pae 2 g pSejlal IS )0 a5 5,9k
poSle Al o 0pS o0 393 a4 Bolal jlade
&ly ¥ QLSS 52 50 aploe 5 (g pSojlail anl Bols
oralols plp kS e b el S S8

s MISs 0 gove gilwand I ol mbs

sl 0l ools Lis (V) 9o

(alh () @
kol pgai (@l goae giluands 5l Jol> pglat oV IS
Lo gy 41 CassS 90 (T poms o (b9 & SamsS pgead (2

295 4 Sel S
SNR| CNR Y%
e b/AF 120 A
Py O¥9) 4
el N B NV
Lo g, &

sl ol sz 5 (NUSS & 45 los
ol @ bape sloyall (pizmen g poal CodS @S
Spdoizr Gl pguwye by 4 Cund Lo by, 50

Sy b ¥

Se sl Syge @ by ol s ool Ol sl
SLM S, 41=632.8nM  zs0 Jsb L 555 -poula ;5]
oy Sy 2 ojlail) Sy WV ol ay
CMOS 2x2m?
4 (Complementary Metal-Oxide Semiconductor)
20,5 oslinal (Bx¥mm?) oSl FFexFEe slal

Omgs Sy g (Sl

el 00l ools yLid (V) S o o208 ledz

AR

G(p)=§i(sr—<sr e (o) ®)
= <Bl(p)>-<B ><I(p)>
GO (5 jlwdmds Y
CowsS Glopgal Gleamd bocwnd Gl o
GB35 9 pare P9y 90 & L) CesS pgal o Sl
03 )5] ety (Al aalgm 0ols usgi dnlol o aS) wyus
Comd 9 (SNR) 5 4 JuSws o oopls polis
asle B, 99 @l (CNR)jg 4 cosl s
0S8y P O s WS pgal S (2l S
ey p by 5l g WS e hogi 1) gl SOL s
Iv] Wl

<G (Xin) >—<G(Xout) >
<G (Xjn) >+ <G Xgyt) >

VG)= *)

S 5 (SNR)jsi 4 JiSemw i byl
09 s B (S8 (CNR)ng a4 cwlyus
Pl 50 39750 o & Cewd | oude Sledb

gl

SNR(6) = <G i) > )
1% (i) 276 ()

CNR(G) = <G (Xin) > —<G (Xout) > M)

1% (i) 276 ()

) b Sy ComBge cod i & Xour 9 Xin Ll 0 a8

Aips oo Hlis g Jll 4l z)l5 g S5l o

Syge & Sl Glagsb powe CansS (53l pga 5
@ Wane G SLM s, loysls la e ile
5oL e S, e ile i | S 0 4o (5 ke
5O A 50 0gd o0 0018 Comd Al [V gl (lgie 4
el oyl i ile polie saled s o3l 1o
Sl a o gy j0 g arlys olgsds Bolar lade
ot 5 pSoilail o o (glo,gilS sl I eolan!
@ ond adF a0 LSy lade o e ple pobie
4 hid g aas joue SLM 5l Sud op j1eS o5 55k
@ Wwadge ool Cus Solay Hlade o] jae SO


http://www.opsi.ir/article-1-258-fa.html

[ Downloaded from www.opsi.ir on 2025-11-16 ]

G 9 195 A JUSKs S (s 00l dline yy0lae :Y Jgoo

R & Sl S
SNR| CNR Y%
e $ITA Y/-0 g
PP 0N M
S vy | st - IFY
Lo g, &

G S A -0

29SS dgp Sl Wz by So Allie ool o
5 e Gilwand 5l oolital b oad (Bpme CunsS

09y 90 4 |y CawgS paal ()3 Ojpe 4 (ized
5 29 4 JiSew S (ol polie g esysl sy

5 MSledSs w205 dsloee |) iy Sl S Caas
ol () 5 (Mgl dgoz a4 bgye polas 5 4 (F)

CawgS pgal CodsS Soe 9 Gbyy (2l G odims

&=y

[1] Erkmen, B., Shapiro, J., Ghost imaging: from quantum to
classical to computational, Adv. Opt. Photon., Vol 2, pp.
405-450, 2010.

[2] KW.C., Chan., O'Sullivan., M.N., Boyd., R.W,
Optimization of thermal ghost imaging: high-order
correlations vs. background subtraction, Optics Express.,
Vol 18(6), pp. 5562-5573, 2010

[3] Pittman,T.B., Shih,Y. H., Strekalov, D. V., Sergienko, A.
V., Optical imaging by means of two-photon quantum
entanglement, Phys. Rev. A., Vol 52, pp. 3429-3432,
1995.

[4] Bennink ,R.S., Bentley ,S.J., Boyd, R.W., Two-photon
coincidence imaging with a classical source, Phys. Rev.
Lett., Vol 89, p.113601, 2002.

[5] Tanha, M., Kheradmand, R., Ahmadi-Kandjani, S., Gray-
scale and color optical encryption based on computational
ghost imaging, Applied Physics Letters., Vol 101(10), p.
101108-101108-3,2012

[6] Tanha, M., Ahmadi-Kandjani, S., Kheradmand, R.,
Ghanbari, H., Computational Fluorescence Ghost
Imaging, Eur. Phy. J. D., Vol 67(2), p. 1-4,2013.

[7]1 Ferri, F., et al., Differential ghost imaging, Physical
review letters, Vol 104(25): p. 253603,2010.

[8] Katz, O., Y. Bromberg, and Y. Silberberg, Compressive
ghost imaging, Applied Physics Letters, Vol 95(13): p.
131110-131110-3,2009.

[91 Sun, B., et al., Normalized ghost imaging. Optics Express,
Vol 20(15): p. 16892-16901, 2012.

[10] Bromberg, Y., Katz, O., Silberberg, Y., Ghost imaging
with a single detector, Physical Review A., Vol 79(5). p.
053840, 2009.

Y-

et o oKSls AVAY oo Ve LA

Object

Slosbre st Gilopgal losez ¥ S

7% o Ak sy Sl slag b skl sl
JrEsS S bt o fle S50 & Sl 5 Sl
SLM .y o—s i SLM (g5, (6 gmpal S ooiiS
A5 o sl 5SS 45 55, 1y Sl sl
it S5 5 g, bl sTls 45 Sl slog o
9 4 )0 sy oo 3l )81 & ez Sl 50 5l oy
o plyie 4y 3y st Sy Sl b o
Sl 2ol 4 4255 b a5 T ge sy Lo S5T Lanwgs
e 0 psl Coty |y CssS gl oS oo abogsyo
SLM 5 5igesslS oy Lal, lsic 4 MATLAB f3la
auly Bolas slagSl coily oo 4 20,5 oolaiul
5y ilizes gLaojlail o ely s (gl ile &0
S sy SLM

Sod oy ye SengS pgal oo A Glyie 4
50 o Ll JuSiy £OxF0 slal oy "o gBlay cuadle ™
5 08,9] Cwiy lae WLl (FOXFAIFYYD Co g,
4 Sl S o g 1295 4 JiSKmw S ol polie
029,5 dlma | 590

Mgz 5 HUSL 55 (025 slaosls I Jol> b

ol 00l o0l QL.....'

(h (<)
Py ye Ghgy (Al g2y sloesls I ol sl o IS
L by, (2


http://www.opsi.ir/article-1-258-fa.html
http://www.tcpdf.org

