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Computational Ghost Imaging Based on Chromatic LED Array with
Special RGB Arrangement

Huang Hongxu, Li Lijing, Sun Mingjie"

School of Instrumentation Science and Optoelectronic Engineering, Beihang University, Beijing 100191, China

Abstract Low quality of images is a critical problem that inhibits the application of computational ghost imaging
(CGD) technology. Therefore, a special RGB (Red, Green, Blue) arrangement is designed for the chromatic light-
emitting diode (LED) array of the CGI system in this study. First, a 64X 64 chromatic LED array is independently
developed to provide structural lighting for the CGI system. Then, the chips on the LED array are arranged
according to a designed basket-weave arrangement. Finally, considering the physical structure of the chromatic LED
array, an interpolation algorithm is proposed for sampled images. Experiment results show that the root mean
square error (RMSE) of the basket-weave sampling is reduced by 4.6%, compared with Cartesian sampling and it
has better performance in storing high-frequency information of chromatic images. In addition, compared with the
bilinear and bicubic interpolation algorithms, the average RMSE of the algorithm is reduced by 2.0% and 6.4%,
respectively.

Key words image processing; computational ghost imaging; basket-weave arrangement; Cartesian arrangement;
interpolation algorithm
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Fig. 1 Structure of the chromatic LED illumination module. (a) Physical picture of the module; (b) basket-weave

arrangement; (c¢) Cartesian arrangement
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Shepard interpolation algorithm

XS AP 37 L 0 926 AR = 0 A R v A0 L T B
e JIr A T A SR AR AL B O LED OB R B JL AT
Hl JFBROA B R JEIE A1 B 3E G R A S0 S ]
GrA . PRI, B T — R A SR R R A (E
S R A R PG P g — A AR T AT R A A AR
TP HEARA 64 pixel X 64 pixel S HE 5 AR BB (4
T8 =S [ B A AR R (E T B H R R,
G\ Bl 38 e B BE AT 8 (6 A L AR AR B R R R G

1B B R R EBUERE RSO R EE WS . AR5,
PO Shepard 34X 25 M 247 (E 40 2

N T RS AR R B 2 (b) g g TS, B
FUR/R T ROGEIE . KT BRAE B FR R BE B 2R 4 15
SR RFEG LA oty C R LUAE £0 P CRED
ol R AR FEAE R X, U C PiEEs P
RITH 5 REEE D, IR P RYE AN T s, 1T
TN

1011025-3



$£58%5 F1081/2021 £5 B/BAEREFEHRE

1 R

—, 0 < =

J <a.<t

s,(d,)=<27(d, \' R Y
3

2
= , <
4R(R 1) —d. <R

0,d, >R
Ah.d, D, 5P ZIEMNER, Lhr#EH,R=
N, IR RET R RN

F(P) :J[Z(“)Z /[2“)] d, #0
.

2, d, =0

(5

Xz, AD, WEAURRE, £ (PN P SRR

B, i Bk, Bty TR B 5k AR SR A R Y

2 ()L B A7 B, 5 R B UL A 37 5 0 AR = R A {5

5 A R RS i B B i, LR X B A e BB

MR EEIR . TR R RSP REE L AR E

fp O RS PR R AR 22 50K, Bl 18 Pl A
A5 o AP B YRR EAAHZEBEOR.,

3 IR HIHE

3.1 RBUHERKRERSE

A CGL g R A 3 Pros . 846 3 F it
RIE A LED B4, A M LSSk GE D Sigma, £
I £=30 mm, B F N 1.4 . BEEHdL R
42 BOCIC, OCL3-050-050, f =50 mm, F H
1.0) % Z M 2% (Thorlabs PDAT00A-EC) | i

B, Ar%ﬁ] < VU BBl B0 oK 4E 7% (PicoScope 6404D)
ARG FPGA 46 2% 09 f A/ f b (1/0) 1 iy

S E 2 6 LED M50 57 V8 ) B3 6 R 28 A0
PLERSRBNYAR L. i ERa BRI R Eth
PRI s Fe i L

digitizer

computer

‘ N N

chromatic ‘4
LED array
camera lens /'/(
object ' a\
collecting lens / single-pixel detector

K3 JETF#E LED 45 CGl R4
Fig. 3 CGI system based on chromatic LED array
3.2 (FESH

7 FLIN 8 BOR A 1 S B o B RO (R 1R

1B hy JE a6 PG, Ho oy B %65h 3840 pixel X 3840 pixel,
T R B ER T, G T = G
BRI o B RN 1792 pixel X 1792 pixel H &
5 DAREAUL I 52 vl T R 43 3% 232 0 0 4K TR 4 80 B
N = 28 W9 48 B 2. SR e, X 4 B R R
1792 pixel X 1792 pixel B EUZ 17 R AL, H 2. 2 /)
T T AR B BER R 64 pixel X 64 plxcl At R
FEEMG . deda , FH BT B B0 X SR B TR A7 4 1
A PR ARAT 2 BE % R 3840 pixel X 3840 plxcl(N—
60)IIHMERME 1. (ivj) . Fl RMSE 1 4

G5 B RN HR A5 . AT R

1 peq o o ,
XizMSP:: 7{12 Ur(z,])—lo(z,])]‘,

(6)
K, p Xg HEMRIRSE 0 S EME RGB 8 1Y
— AN, AN RMSE §9°F 1 X R 3T
W% MR Y I B, W] Rk
Xiote = (X st + Xowse + Xhwse) /3. (D
FAASE 25 35 6 S 4 = 0 S5 MR 20E 47 R
FVE g [R5 R LR AT B0 45 R AT X H
Pl 4 g B R OR ARy X 2 R 1 RMSE, 3155 25 1
TR LHES) Oy 2 E 2 E L 1 7 ¥ RMSE 28
22.87% , W SUHES Jy 2 2 IR (1457 5 RMSE
21.82% . AT LA & B, AH L8~ JLHES , 95 21 HE 1
77 2045 2 1Y AR -2 RMSE FRE T 29 4. 6% . A
W SURMEXT R A 5 W5 B AL TH
JLRAE . 5 S w Ay ik 5 g ) KR S RMSE,
AT LA R B, AR L R L HES S 5 2107 =00 A0 G i 2R
LR/SaN

30
AVmy = Cartesian sampling
LT A basket-weave sampling
AAAII.
-
A
g 25 A
&) A Emmp
2] AAA," g
= A
A um
. 20 Ada,
i AuE
AA-:-..
-
“ Ada L]
Adia
15 -~

0 5 10 15 20 25 30 35
Object index
B4 AT R AR D7 U A E R 59 RMSE
Fig. 4 RMSE of reconstructed image with different

sampling methods

BEHL 35 W FA 2 2 405 9w o HE R L R R
HEATSRAE I 00 500 B8 e A B0 B = A (5

1011025-4



B RILX

$£58%5 F1081/2021 £5 B/BAEREFEHRE

K5 ARERHEEFAXEEMEG . FEIEERG; (DHER
Kt (O R ILRAE

Fig. 5 Images reconstructed with different sampling

ways. (a) Original image; (b) basket-weave

sampling; (c) Cartesian sampling

2 O VAR S AR Bk A MG, A R
RMSE & 6 s, Hor, B 38 v i {6 5wk & @ &
1511 RMSE i 23, 81 % , X = YK 4fi {8 292 i %
¥ RMSE 4 22.48% , X4k 1 4 15 5 2% 0 °F 1y

351 =

A" = mosaic algorithm
e 4 bicubic algorithm
Ay * bilinear algorithm
30t ° our algorithm
S
) eha,
g 251 e A...'-..
=<1 Ao, ...
$ .::-‘.AA :l.:
20_ $ n": "."l.
AA.:AA "u
on | ¥ ] A‘:ﬁ
15 ]

0 5 10 15 20 2 30 35
Object index
K 6 ARESTERERRKBZLY RMSE

Fig. 6 RMSE of reconstructed image with different

algorithms

RMSE & 21.46%, 4 5 3L 19 °F ¥ RMSE
21.04% , AL B A L XUk P 47 1 9 R XL = Ik
W 2 A0 RMSE 2 5IFE T 2. 0%
6.4 %0, JE R R A Bl o S e S Rl B AR S T
AR OEAGNTRE, B 7 AR T AW
VL Ay R SO RMSE,

7 AREEEEEESL, @BRIBESE; (b~ ) LURMET /Y 5 3E 50 i (B 515 W = U (E 5075 B PR (1 55
RS (D~ O W R LR T 0 538 s 4 (85715 OO = YR (508 O MR AR 5T 1 AR B3k

Fig. 7 Images reconstructed by different algorithms. (a) Original image; (b)—(e) mosaic interpolation algorithm, bicubic

interpolation algorithm, bilinear interpolation algorithm, our algorithm in basket-weave sampling; (f)—(i) mosaic

interpolation algorithm, bicubic interpolation algorithm, bilinear interpolation algorithm, our algorithm in Cartesian

sampling

1011025-5



B RILX

$£58%5 F1081/2021 £5 B/BAEREFEHRE

3.3 KO

S CG1 RGBS HFI MR @ LED [F
B Sy G54 BRI ASE Bl o5 B0 5 3 0 % TRLAR 1 43 Bk
R ZE 1792 pixel X 1792 pixel, 7635 B 1 H
RO T ELIZ B8 IF K AR S 5256 R G b W)
k. RAFTEIPLEY 73 B4 2400 dpildots per inch) ,
YRR B AL LR RSN 1.9 em X 1.9 em, % &
B HI0 G 1 e 1 e 107 2% 5 AN TR] O 1% R 000 e
58 L SR AR I RE — 5K L ARAE S W il i % 8 LED B
BUGEAT =R A 7 o BT L 9 8 R G LB =Sl E

P 8 T[] B30 1k ok S Vel 4 ) o 4
AR BB AR 5 (D~ DI R ILRAE T B D38 ST 70 (B 376 W = Ui (B DU MR AR B 5 vk AR Bk
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