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Fig. 1 3D optical setup of nine-channel JTC
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Fig. 2 Flow chart for phase optimization algorithm

e AL — DR BEALAR AL R AL po (s y) s
W (e ) 27 25 S AR A o e o e P o 2 4 A5 3] e T

Lﬂﬁﬁﬁ“ﬁﬁﬁﬁm{’ﬁ,ﬁntu)@fm:

JP,,(uwv) (u,v) € (uj*% U —|—; "ou, — ;v 1, —5—; /)
P”/(U’U):C<P,,(u97))}:\ 1 1 1 1 ’ (1)
{ 0 (usv) & (uj —? su; +— o U T, ?v (v, + > U )

:T:trl":P,/,jilﬂ%n WL ACHT 46 J5 i B 3% P, R 5
n YR AR AH AL oRE A A0 B3 5 (w0 ) RORES § 55
3 TE (7 o8 R b s A AR R 5w o e BRI XS8R
Ap BRI [ a3 TR o C 3R R s R 4 BR ) IX 88k 2L Ak

(i, v7)

Pl 3 B T B 8 % He 4 7 2 I
Fig. 3 Captured image for compression of JPS in Fourier

plane

EI’J@EDH%MO{E A7 T F 47 IR ) DX 38 AN Y e L
PR R XTF%FEI’J@EEHJF%& T L 30 4

IEI@J S o A LI 30 A i I ) 45 SR AT IR R 0 — b
Ab P SE R — Wk Ui R, Zad e AR AUE L 15 B0

TRJE BIARDL R EL oy (2 ay) s

PEH AO-SLMI Hu 2y Ji 6, 503 55 R 0 IR B i
i‘i%%iﬁlﬁﬁjﬂ S(xifl sy*yl)»/\qj(l‘l syl)ﬂ‘j%%
Elg .o m A FR, N i SDE BISHY 3E 05 3 o 2840 15 bR
iﬂlﬁ\j%rsm} (x+z y+y ) i,y N IR
SDF EHE ORI ARER . 55 5 I8 SDF &5 /4 4 18 1% i %
Ay A ERECH rsor, = Zak ri, (x+zty+yh, Hrp T

A fllmﬁﬁ%%ﬂé?ﬁﬁii%%lglfgi,akj RN b R e
MAG S % AR ACE , K 4 i SDF R & iy
Jiéke M4 i 2 2% BB RCR: . # ZUEII R . SDF [E1{R 1)

1309001-3



R

# 49 % £ 13 #1/2022 £ 7 B/ EMHE

Hrep ek st BTk A B9 SDF 318 Al 4k 0 3k the s L A
BF 5% 3 FH 28 ML 1) 465 A0 S W () SDF Sk H 30, HL 53

N
ﬁ?%z_\‘ﬁ%_%i@c '%Dlp;l)b‘j (1‘_1,'[ sV T Vi )%j%ﬁﬁ GS i%

ﬁ%ﬁ%ﬁ%%ﬂE@%bniu%%@@tiﬂwtiﬂﬁﬁ@%ﬂz,é

b, (ot sy +y))FRRRA GS LG 297 51
FNE] N g SDF FE% A9 1 18 48 47 06 %50, Hob 3 5
&1 N g SDF EHE i #E3] AO-SLM1 L, 4 38 40 47 Jin
# 3 PO-SLM I, 24 B kA8 iz B, 78 CCD Jt8m
(E RN SRR T

IJ]’S =

N N
‘7{2 [5(1 T XY 73)1) * p;DF, (x —x15y 73/1)]—’_2 [rSDF, (x +I/j oy +y/j) * p;DF, (x +I/j Yy +y/j) ]}
= ) ) )

i=1

N

j=1

N
E;/j{s(x,y) . p"‘SDF] (x,y) } o+ expi2n(ux, +vy,) | +2:€;{rSDF/ (x 9y)P§r>F, (xsy) )+ exp [~ i2n(uz’;+vy') ]

2

2
s

2

Ao 7 R LM AR s 5,
T kA i e AR O K P RE L 51 I & ORI 2%
ZUREE JTCH S S B 22 58 38 IR A7 b B, HL A A B 5

Z:E“;E_j‘fito é’\ A =7 {S(I’y)p;m-‘J (1,y)} ’ B =
=2/T{7"SDF] (T 9y)])gr)1:, (.1" ay> } ﬂ']?ﬁ%iﬁﬁ%?ii}ﬁ*é/ﬁﬁ@
55y ARHE P BCE A ) ARG (FA-JPS) 1] KR A

2| A|coslgn — @y +2x[ux, +2/ )+ vy, +3)7)

J —
I FA-JPS ™

1B

, (3

K igaop 0FRR A B RN,
2.2 HEXIRFNEH

et AL SE L ER A BLnE ( Re i R AR TR T
LT X 3 N R TIF 5T A0 29 3R DX el i AR HE Ry 67 90D L AR TR
WIE JPS A Z i AR /N A Y T A G i &

A~ M7 T, A 5 3 BH 32 W 7 0T A DG 3 1) 52 T 458
Ao B, FEARHTES AR08 AR SCH AR

XTS5 SR B B BX G AR 4 ) SRR AT A L i i AR
.8 c=2n[ux, +al)+oly, Ty, M58 KA
) AH S At AT RO

2|A|
B

G(x,y):ff/f\l{

| cos{ps —op +2nx[uz, +2'))+ovy, +y' D]} | =

ﬁ) * {7 exp[iCos — )]} *F ' [explic) ]+ T "{exp [—ilpy —@p) ]} *F ' [exp(—ic) ]} =

A

_ A _ ) . . .
G 1<B> * F ' {exp [i(pr —@p) ] » explic)+exp[—i(gpy — @) ]+ exp(—ic) } =
" B

T s (2 y) psor, ()] |
‘;77[7”51;1:1_ (Jf 7y)pgl')FJ (l‘ ’y):l ‘
‘(//7[5 (x ay)pér)pj (x ’y>] ‘

‘ ‘C'/Tl:rSDFj (xsy) PQDFJ (x,y) :| ‘

sexp[—ilps —¢p)] }*5(x+6‘~y+cy>»

7‘ * exp [1(504 —SDB)] %0 (x —c, ,y*(;y)—'—f/fl (ﬁ * exXp [*I(GDA 7503)] )*8(1” _'—Cj 'V _’_('y):

cexp [iles —¢p) ] }*6(35 ey e

4

Ko7 RORAGHE AR x RORERIBH ;=
xytale, =y byl MK IR E B (CPD &R
M weepr = ‘G(f[ ) ‘maxo

TEZ M JTC RGerh, 375 KR 2 2% K TR
I, CPT g Jok vl ok 5, 6 S0 A AR R 1 A DG, 5] A SDF
J& 2 s EG A SDE [R5 E % A 40 T el
WY E AR B, JE T 55 R OC 1§ (. SDF 19 A OC a3 oy
g1 {5/7[”] (x,y)]/f/*\[rsmj ()]} =cpoc, WATE

RC [1,K ¥ HAHSER 5, WFoE 20 SDF i8I A&

A AT O 06 1) 588 8 395 R 55 T o B S B8O T A DG 0 1Y)
WG B AR L T T TR B MC-ITC R4, X
(D) IR, 3 5 E R A7 A6 5 50 SDE BHR rope TR
FEHg H AR 7, B s Gy =7, B —J5 i i T AR AR
7 PRER P'stpj (x,y)?ﬁpéml (I,y)eJHSA?éB,EFﬁ
CPI ${E F B H 2%k ik — 25 3558 5 53— J5 11, SDF 19 5]
A2 38 CPL R RN 2% P 36 5, — 35 JL[RIAE 1R A1 2
A 1%y 62 531 B 4 SRR AR AT IR ST R L 4 R 5 A
SDF ) MC-JTC Z 4t W 20 45 AH A7 415 16 I FH e A 17

1309001-4



R

F£49% £ 13 #/2022 £ 7 B/hE#¢

B AR AR FRUE 22 (SPCP s D gpep ) VE h M TR 0 1 4
P T JEURR A7 A 38 4% 4 S 35 T SR e R 4 i ) 3 % LR
g BT RY . 51 A SDF J& . i1 28 (4) 7T 8128 Jin 5]
Yy EME A SDF EIG 18 356 AH A7 2 vE— 1 L i 4 5 &
Gorb B SDF Jié 5% F1 4 i3 [ 9 AT 38 5 2% EAR 35 1
P AR SR L R I T A 2 E B RN e S
K14 1037 5 A% 1 SDF 1815 1t 47 34 [8) A 62 48 18 5 59
A o o TR 1 2 — 25T BN 2 0 1 1 0 L T BB OB
R HH S A0 35 240 SR 2k L T T 45 5 1 ASE 4000 52 56 F 5
HATIRA ST .

3 WIS E LOTE

NG — 78 4R T A [R) e B A R 1 RS R B
SDF Ay Il 25 5 45 L 3 T 20 310 19 55 O 06 {24 R 45 1
(ECP) FH5 07 12 0 0] B [ 5 A B 10 Jie % 161 1% 46
N — R 25 A R ) ECP-SDF, W&l 4 i, fEA[A]
& 7R 48 R (0. 6,0, 8 1 1. 0) 51 F AN IR0 1A Fa
JFE R[] £ B2 ) B Il 2 LR B 115345 3 B 2 4> SDF 4
SR MCJTC 45 &, Y HRRESMER
W AE P SDF T B 55 (14 JE % A1 48 0 Bl AH DG e i, A Rz
T A 2 A A S, DT SE BT H BRS04 o
WU 5 BRI 02 A B 98 AN 25 5 1A BORD 1) RS
245 S5 THE 7 R0 48 A A8 YR 3 BB R B2 ), T S 3
EHEE R 9. WLEIE TSRS 9 BiEMIFA .,

HERKSHA R AR,

0 T AR S 0 TR 707 U146 S 7 S W
HORE T 4Rl 5 8 e % ¥ 8 2L Y SDF {4
Fig. 4 SDF images synthesized with 5 training images under
different scaling sizes when initial angle is 0° and
angle interval is 70°
T S UE TR T A O B T RIR TR SR
ARSCHIWFTE NN
D) JEUAR L G 4 72 DA 37 5 R RN 2 2% IR kA7 A
KBy Y IS 01 0 {1 2% D A M SR A A R
FIARMR S B0 e 5 A il . i AS 3037 5t R vh T RE AL
1 B A4 OIR S 9 H A, HZ % B4 SDF
18, PRI M 5 528 2 4 T R T Ty a0 {1 4% I8k 14008 1) A A7
T8 2% A 5 365 JH O Xof G R A7 et L 4 Hh AT AT 9 A AL
e T7 12 .

2) 2R SDF 52 BHLJie i A48 B AS A8 U B, X B br
JHE % 048 AT AE — R B9 2 B, TR e 2 200y M £ GE
JTC XFF HAR46 75 e B Fn SDF $ 5 A% %0 5 19 4 3%
UM BE . 45 IR AEAS SO E 551 T DA 37 2 A8 4k
i =R s B N S S RIS R T T 2 N 2 g = e ]
F1 SDF 1] £ B i) fe K MR B4

3) AR P o #2 DL 5 RN 2 725 R 0 AH OC i
N AR S5 RS2 B AR IR B A AL H
PR A2 R AR TR S AR i W s R P i &
B AR, P b 2853 AT Y S A I AR SO A
BOME L 2 AR AR SCTS AR T AT e TR 0 1 = AR A
i,

W5 3 A v R BEAE 43 AT L BCTELASE 481 0 512 565 55 91F AH
AT M BRI S EC R A SLM 1Y 43 B
F M 1024 pixel X 1024 pixel , £ E R F K 8 pm; CCD Y
A3 HEF 1024 pixel X 1024 pixel MR 2R 10 pms AH
PEOAR S B W) A 1 B MATLAB 4 vh iy 4 5 B AL
BUPREL rand A= R O T B N [R) 38 A 76 40 3 T S N A4 BB
AT RE/IN X A 7 A A A B o ) B X
— R (u,v)=(32,32), % &3] CCD 7] hid 5% (1 3h 538
L R0 AR 5 12 IR o] DX 33 PR RS 8 0 A BIE A [ 3 3 R
WEIMPRE R AP CCD 5% . B CCD Hid 5% 84~ 18 i
(T4 B A W T8 2 (B B R o T AR IE A 8
() fiE 15 FH TR O A o X AS ) 8 G EEL N, 8 B FL
375 e 114 5 18] 5 Bl (1024/ N, 1024/ N

4 SR EVHE

4.1 L-PCM EAMBAIREAREGEHAITHES

SCHRL22 ] 2 T Jay B0 A% I 9 {E (L-PCM; &) {8
TEH A O bR £, IF 1153 R 4508 B Y SPCP %R, B
SPCPCF X ¥k SPCP 1y % Bl e /IMEAE K
MC-JTC &G EMIRBIA A, 51 A SDF J5 .2 % El
GRS A A W B — H bR T 2 M W B AR A
B EG  XPEBE AR A I TR T R R B R . Al
AT KB — H AR L L-PCM K F BME, 5 & 5k 4
SDF il 2k R 4 i AR — RS0 B A5 th 3L7E 5 5 KR
Hp R i — 2 [ 2 B D6 326 AF A7 R B8 B T AR AH I A
SPCP #{E fe /Iy » B — 20 4 1 A1 37 2 250 % e A Il 25 ]
B IR B3 2 L-PCM K T (A, B X — 3 72 FR ol X —
SE % TN 45 50 BB H AR A IS AR ek . SRk
(2270 %0, b 5 L-PCM Ry 14, SPCP % Wi )i /I, 24
L-PCM #4 K 3| — & 72 & if . SPCP & T 2 & 1A,
B, 36 5 — AN BIE ¢ o SR FH A 3 A A7 2E 47 R O B s i i)
L-PCM i /&

Pspr .
J

&, =t (%)

LA 4 B iy SDF 821805 W 2k R R B p oo
FIOREF XS A IE T SDF Fr & Y 5 I U1 25 KR
WERB WAL EA s, R T INLEEER » 1Y

1309001-5



R

F£49% £ 13 #/2022 £ 7 B/hE#¢

st B Horh o FoR IR EHR B0 I6 FA B2, B R Tig
ARG, n RRE o WINGEIR., WKE «a=0"+
10°X (G —D =70 FEL E 4 R EE T X (5) XT38
BEH G =1,2,3,4 B n=1,2,,5 B 2 & 1% [ 15 %
SEL BB 4 SRAmE AT DA S S AR E AT
0°~30°,70°~100°,140°~170°,210°~ 240° 1 280°~
310778 Bl N e 5% #A B2 0 i i A ik B b . 48R, Bk
AR A 92 1L 5S4 A2 19, SEBR N T T e RN 46 T
90 AT LAGE 5 98 1 SDF I 25 &A% 46 4i5 0 R BE R e 5
A BE 1) 91 PR R T 2 1

HTIAIE 7% 2% B0, 40 SR 0k B — e 5% A B R )1 2k
G AT A L1 o 2 T B0t BE AR A7 A% A B T 10
L-PCM {EAR & , 1M 76 FHoAlh #A B2 F L-PCM {EL AR 1% 1) 30
% I F G FEAT A A A R E iy . BT
GS BACE L AT A2 O 1k . B T 4 R A AR I AR 47 19
WG (E R FE ALY . 75 223 0t 2 ks 17 . gk R X £
BN 25 AR A A R ERAR 4 1) > HE AL 3 AH AV

FHXOOERNARFZM B =10, &3 ZRE
RSB0, B 23k W 2 B I 2R R L-PCM BUE
HBAE 10 DA BRI AR . T B A S U SR A .
BB R & P EOCIE R R AR R, e 1Y
G HBUE 5 5 s EHR R SDF ¥4 ¢,

3 — A SR BEAA 5 . AL 9 il JTC X H
AR AT IAIE, 52T ECP-SDF 4k % 9 iE SDF & %
ER 9 BN S EIME E 5 BiR. i SDF &l
By MR — AN E Fn=1,2,+ 505 IR I ZL &

(a)

log Dspcp
O HNDWR TS

)

log Dspce

B HpS 1~4 @B LM 0. 8 HE T, X
«=0°,10",20°, 3011 A3 B 1Y 4 1% SDF E{% ;% 5~8
FRMIE R 1. 0 R E T, XA @ =0°,10°,20°,30°
THAAF AT 4 iF SDF K455 9 4558 18 HAE AL 0. 6 46
R T sa=0" 1A 3 M 1 IE SDF E1Z .

B 5 AT B G 0R 2 R

Fig. 5 Schematic of joint images on the input plane

iR BFRLL 0. 8 AR E R « =0° =701 5 />
JE 5% F B AR AT — ff B2 BRAE 3 AR R A S
PEARAT HEAT AR SE IR, 15 3] SPCP B H 5 78 37 5t K%
e B AR RE G A B B S R, WA 6 TR,
&l 6 Ca) By R A B Sy 38 T8 B3, D\ A B O Jié 5% ff BEAEL, —
YRR B Y 5 B s SPCP X% 801 5 81 6 (b) Sk = 4
HERE W 2RI E . FEAR ST A B SPCP 5 g #% £
FERY ARG R B AS A TR N ZE B AT 1 T 2% 4 0l
XTI A 1~9 453 iA .
B

(%3]

210 280

140
Angle of rotation /(°)

K 6 SPCP 5 jief% f BE F 8 5 i A8 b 5 R (T L-PCM R EARAL , AL B HEAR R 55 138D . () Z4EAIRIE  (b) 4
T

Fig. 6 Relationship among SPCP with rotation angles and number of channels (preferred phases are chosen based on L-PCM,

0 70

the first channels are marked with red margins). (a) 3D histogram; (b) 2D unfold chart

2 H bR LA SDF T 5% 0 45 53 P9 AT — £ R B
TG S EMG P I FEAR SO L 58 1 &M IE Y SPCP
BOE R R BT A 8 P B /ME L 2R BT B bR DLUZ RE
AR B, SR, MK 6(a) (b AT L&
B, 55 3 T B R — A BB AE S BRI
15 GUAH L >R SDF A 2 25 S 0 1 AR UE e 5% A1 4
HCYE N Y 5 A R IE B ) SPCP $U{E ¥ ok i
JNME L B 4538 TE SPCP E AR T 5k 5 2kl i SPCP

BAEAS T IER @ iE SPCP BUE S0, TR 5 A6k
TR 0 W B AR AR AE 5 A S RS S DT 5 2501 ) o
B E TR,

BF LR fRE, X 2% KR SDF Bl 4%
BF, SR L L-PCM 1B iy 29 o8 4% 14 i0F 47 A0 07 £ 326, DA
SPCP 1k Jg 15 51 0 4 0 v o P A v, 4 i R N
0.8.a=0"8="70" 2T . Xt A I AR 5 FH A7 A fin A2
FEAR 2 A S5 0 A OGS o 5 B A A R AT e AT, 25 SR

1309001-6



R

# 49 % £ 13 #1/2022 £ 7 B/ EMHE

B 7 Frs, Wt JTC R 48 m9 A8 5C K th % SDF 1k
h 2 2% EAR B, & A A LSS 1 CPL B 3 B AIK, 20
R0, 04, 3CHER[ 22 1 & e e M7 S5 19 CPT RE W8 {7 15
fE0.2 LB, 4 br A . B 5E, SDF 5] A F 3 CPI
R AT o KT A X 068 1) %5 331 R /s s FL vk, SDF BE th 24~
WERG M4 ik 5 % B A . HEHRIE S B N E 24 .5 5)
{37 5t 5 b (i 52635 52 SDF BUE 7= A2 MLk,
ki DA e B R, R HOR E T SRR N A
FRBIE LR s B e 08 AR B8 A 07 32 47 T R R 46
B, % R B A A sRBOS I T 8 AT 5T R AR K, T
SCHRL22 M9 2538 o R P 18 1 A A7 oR 2802 7= A AR 5k 1Y) 75
SR A EL T X R E B A 4 ik B AR B IR X — T
Mg 75 7 R 00 T 5 N 45 5 B b IR 7 A A R I T KL T AR
Ty i S 55 v ) B SR Y S S R AR TS BT AR R
5HR 1) PR R DG e, DA T 5 BIORE S i H TR B 22 0 R

a) = 0.8
@ g 8'473
8% 05
£% 04
28 03
28 0
S 1280
1000 gop
;i 600 , .
Ux
eIDosithn O104()0
is
(b) right peak

Correlation output
intensity

© right peak

0.08

-] 0.07

2 0.06

2 = 0.05

=7 004

g5 003

2 002

< =

g 0.01

o 12007 (5

% H AR H bR Az B W R BE I IE 8 H AR 7 AR A i
. E 7O PR, MR 5E FEBGAEFNE 34
BHRREER IR Foh S H s LN A 50R
WA T 3h 2 B e A B — e 7 50 T S R H R Y £
B AR 7 R A7 A G L T S BRI R B 2 (T G
FIHE, & 7o Fin . 15 L-PCM B, H CPT J2& 3
A S fi T R R R B RS B, T 2
BT o T 0 0907 B A J2 15 B A 0% 16 BT Ab 9 1%
Z 00 E, B L-PCM 1E Ry 24 5 4% 14 3 1 % 48
7 23 5 B0 IE B A OC U SR [ A)) A7 A A5 4 O, 1 A5
SPCP BUEAE K, Zi A LR 4y M, %5 i 2 52 B h H

TR AR 0] 518 Y SDF 1R 5 2 7% KR
HTF L-PCM Lk iz 2 T 2 SPCP A P10 4 45 1)
AT ROV AR 75 20 HH AL 0 35 1Y 29 R 2% A R AT 0k — 20
D

7 AR e AR A7 AN AL FEAR 5 AR A7 AR SCH . Cad RN B AR A7 B A S 5 () i A SO0 1 A A7 5 R A G i
R 5D 5 (o in A SE 08 35 AR5 B9 A0 & S 1 (g 2895 50

Fig. 7 Correlation outputs without and with preferred phases. (a) Correlation output without preferred phase; (b) correlation

output with public preferred phase (original background); (c) correlation output with public preferred phase (simple background)

4.2 EEMETHEEABCREARZEHEATIT
PSR
B bR R, BOE B VZOR 1 7 Ca) R A
Ry CPT BT 76 18 3R o B A o4 A DG 38 A A7 i 31 55

L-PCM B 2y 3R 55t 2 — , a3 32 DA O i o o B i
KA A5 28 7 B AR AR ABLVE Sl 20 R 25 1 SE BRI o8 & 30
(i RV /v S 1P Sl =S o B Sl O
“BRARAE T ELIE AT 2 WA RE A R AR A A

1309001-7



$£49%5 £ 13 H/2022 £ 7 B/ EH,

111 2 BT it 18 AT U 3 > . IR B S PR R
S PR 1T 5 A AR ORI 5 2 B 7R 2T B
HAAL 3B A7 B 22 2232 Wi AR B S8 e o 10
F8 240 TR 2R AP L TR D R S i Y i R e R (L A £ B AR
PCAE /N T fE ¢ o fly T IE B 5 9T 463836 19 CPI A
A 5% i i T T A B R A R A AR M L AR AR AL T
K AN TG 326 AR A7 B 0 L 14 57 "B 5 i A A 67 D {EL
L 1 22 BLVE R D 328 2% A7 B0 IR0 I o2 o) 79 0 3R A o A
PRZ2E Ax WX S P br 2 22 Ay M2 XTE . B

At 1 AR A T TR Ask 3 2
PspE.
Az ], <t m=1.2..5), (6
Tat Cn—1>
P
Ay | <t m=1.2,.5 . (D

Tat Cu—1> B

H TR DR A (L A9 07 B AN LA AR P, iR Yo%

1R A A5k G B 7 (b)) JIT 7 i 15 06 1 X A7 1 32 445 SR
S

BEBIE ¢ =1, 718145 28— 48 /9 A 00 240 037 9F
FHTH X H . BB g R mE 8(a) ~ (o) iR,
[l 8Ca) . (b) 2y B LA FE T #0645 2 Y ih 1w By — 4k
TOURR ], 3 A% a3 il 2 8 38 5 e % A R SPCP R
INCGHEUED BB e R s SPCP S5 /M BT &b 1) £ B8 (8
S TE AL . 7E i A i GRS R v R (A AT 4R
E , 45 5 3% WA DL 3% AH 057 B8 % 55 30 £ 5° 1 [ P9 e 2 N 4
i E A B AR B I R, HIE B B AR A G
SPCP ${iE AH Lt I At 38 38 > AR /N, 4 3 &= W& b R
1E7E H bR At . SPCP BUEAR K. Ul WA A S0y i HA R &
S IR . AR bR ) 38 E Bk B EOE, LA AN B
SEPR R X AN E 8 (a) T 7m W FEO. 845 L RE R .0°~30°

@
5
2 4
3]
E
= Q
5 g ¥
el
g !
P4
: 0
0 50 .100 150 200 250 300
Angle of rotation /(°)
9
(b) 5
8
2]
g 7 —- 4
6
5 3 B
= 5 &
5 Q
o0
£ 4 2 9
£ 3
< 1
2
1 —=i- 0
0 50 100 150 200 250 300
7. Angle of rotation /(°)
(©
6 -
5 .
o
Eoat
Q
ERY
2 3
1 -
\
0 - ‘
0 70 140 210 280

Angle of rotation /(°)

& 8 SPCP L5 e % £ [ 71 38 3 450 A 56 Fo (G T 06 8407 5 72 0 {f TE AT A7, B 208 RN 2 AE s 7 IE 1 (5145 T 76 3 3 R A FE B DD
(D 1~4 8B (RN 0.8) 3 (b5 5~8 2B (FURE N 1.0); ()5 9 Ll (4RI L 4R E R 0. 6)

Fig. 8 Relationship among SPCP with rotation angles and number of channels (preferred phases are chosen based on variation of

position of correlation peak, the right ones are marked with dotted lines and solid margins). (a) lst—4th channels

(scaling size is 0.8); (b) 5th~8th channels (scaling size is 1.0); (c¢) 9th channel (2D unfold chart, and scaling size is 0. 6)

1309001-8



# 49 % £ 13 #1/2022 £ 7 B/ EMHE

JE B NS 1~4 B9 SPCP {85 33 R e /ME L. R H
FRAy 9 S8 1~4 (9 SDF DCRT, %5y o 5 H 382 50 s
H br B e B A 45 BOIRZS L M EE T L-PCM R R 2900 5%
e 3 T WA A AR Al AR BE AR A T B TR RS B
SR B AR TR A A A A R . MR L7
I RE R 2% T 15 B 2 % B A L R BT T
P A QI AN |18 O TN 5 d o = 8
SPCP B T 3 4N AR BE A A7 . 2 A R G TAE R
BE 9 Fim,

training
ECP constrains images set embedded
\ 4
SDF scene
images images
l |
variation of position of I loaded
correlationfeak constrain
public preferred
phases (3 sets)
loaded 3 times A
PO-SLM AO-SLM1

¢ optical JTC

Imultiple channeled JPSs I

loaded
I AO-SLM2 I

¢ inverse Fourier transform

three correlation output images

v

| calculate SPCP, set threshold and decision |

K9 ZaiE JTC T e % F0 4 A A2 TR 50 8 A U F
Fig. 9 Workflow of proposed distortion-invariant multiple
channeled JTC

WEL R 8 () AT LUK B, HARERS f1 BE R 2107 A 56
9 4% 18 CIF B 38 38 ) 1) SPCP $fH AS 2 e/ , JL 5
P2 0. 6 46 it RO T 3 5t b i B A RSF R B
SDF RSF 18/, 5 5 i i or 15 3% KSR sl (1 H Ar 5 4
AW IH 1Y SDF 7= A= 4 i i AH 5 L 5 80K S0 i 7
AR TS/ H AR B9 B BE 1 T [ B R
LR, RS R LY H AR R ST 4N E 40%
B AR R 605 . S BOCH A R A kA,
AT 43 AT A SC 2 X6 T s R 4 T 14 3 3 25 B
4.3 ZERLLGIFN SDF S BEGHENHE D
4.3.1 B AR A H 5 SPCP W % & 41

2 H AR R ST 45 /N E) 60 %6 B, 18 30RE R [, I
WA FTB RS F AR 00 46 Tk EL 9 28 A (32 B0 H AR /D)
PSRNy B <y L ORI o = R 7 N
TR AN A0 2 152 52 v 1) B ¢ R R IE RE 6 B i il
JE SR B AR A .tk S e, H bR RF AR N 2

SPCP ${H A8 K, 24 SPCP # K B — & {1, HAE N A
KPLHNE A Rt SRR, I, 7B A XA E Y
SRS E (450 pixel X 450 pixel) F1 H 45 B 1R 14 2
(50 pixel X 20 pixel, 45 E N 1. 0) B9 544 F  BF 5
O H b ROBE i PR 1 A B HL A B 2 L,

B iR BB N 0. 4, eI H AR EE 5915 E AT
M 20 pixel X 8 pixel, HAFAF AR G 55 , 75 — 5 9 (5 4% 1
AT AL OCEE A5 B 3 AN EFE A R (0°.707,140°) R
H A BE T R ) CPT A B ARAE | A | + [ Ay [ BHIZ 1T
UCER R AR A i 2R - B ML B A 1t 26 4R 67 2% 1R R 1
AH G Ay 5 B, &l 10 TR .

FEPE 10Ca) 1, it 2B AR A7 1 26 1 72 s AT IR B
BN L A TR E RS AR BE AR B 3 B R, A e A
V76T 57 F 8 {7 8 A Ak (B % Bh AR L i L 3 45 A8 fk i
LRWEAT 2 BIVRAFAE [ Bt 3 2 3 AN A B H A 1% 40
R A 0 (7 8 A8 AR AR 3 — B M PR A . EAR
SCEAER SRR T RO 0.4 1 H AR TGRSR
R 2 2R MR (D A SR EA 7. B 10(b) L (o)
Xt LRSS HEAT TR H AR RE R /N  in AE 1E A 437
S5 MR A R (] 10(0)) , UG 4 M 52, W H
o 5 R O 5 DA R 3ok T A A DX 06 08 {1 4 5 B8O DA 3 1y
W AR AP AL (R 10(h) L (), AL TR 7
B —.

W 4 W N VB R 0. 6, I H R R 918 R N
30 pixel X 12 pixel, W& 4 FrsR, HERAE 8 8 1 &,
P11 T 7R Ay e {7 7 AR (B B B AT IR B A LS R
AT LA Y B AR 0 (BT AT A e K0 Bl L AL A o AR
fRAE AT 0 BIPLE .3 AR IR AFAE IR 2 A 32 5 B RE %
P R — B A (=) B AL B T
CPI I (E 7 B AL A, Y8 AR & i 5 51 2 7
Serf S EURT SDF R AR AL AR 2 X 3t 1F 6 R
FEE A 1) SPCP I A2 e /ME Can il 8 (o) i 210° 4 14
T AR VR BT R PR BRI, B R 7 B
NI WIS, T E UL X TR L H AR IR
S5 24 H bR RSE AR /N TS SO A A 55 B U o
il 1 T 25 AR AT

25 I 7 SDF 4 Biilll 2k R B0 R AR (AT 42 T
BE 2 AR RS B 46 /0N ARG 38 U8 T 249 3R 45 1 £
8 (B AE K SPCP AE SRy 3 51 0 5 04 A 55 1k B A . FEAR
SO ER B B bR BG5S BURAR R — 5 1 A
TR T ARUE B AR50 AR BE L B/ mE RS 46 N &
60 %0, B4 Hbr EMEEAT N 12 pixel B, A O ]
DA SO B bR, 75 BB A L 24 H AR R R R
ARSI X TR 2 A5 W H AR AT 0] LA S BUAT S0
X Uk B TR SIRG B 1 ) B Ok B AR SO kPR BE RN E
AT JTC M SDF (iR ) ik A — 5, (=
J2 A L B AR 5T H R AR S 06 S B (LR R ) 2
L SPCP Sy 341 51 2 5 fir 15 21 1 340 1) 45 51 o a5 1F
i I8 A SPCPEUE #4 T 0, HJG T B RE B K X 43 1E 7

1309001-9



# 49 % £ 13 #1/2022 £ 7 B/ EMHE

g

- 70°
140°

1

m 1

? il ] 18| ‘
0 10 20 30 40 50 60 70 80 90 100
Running times

200}f LJ

Variation of pixel position of CPI
S
S
S

()

Correlation output intensity

o
o
~

Correlation output intensity

800
o 400 600 .
pOS.\t.lo“ o

axis
pixel

P10 4R RBE D 0. 4 Mo 10 e 07 A A (B FIAH S J HH SR BE (L. () W02 B AR AR (BB AT RO 56 2R 5 (o) AR AL e AR 42 9 AR
SR 5 (o) IMAIE 38 AR AL 114 AH 26 Hai Hh
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Abstract

Objective With the advent of the big data and intelligence eras, information systems require considerably enhanced
performance and low energy costs. Optical computing may become the next-generation computing platform owing to its
parallel processing capability and high bandwidth with low energy consumption. In pattern recognition applications, large
amounts of image data must be rapidly processed. Two types of optical approaches have been investigated for pattern
recognition: optical neural network, which comprises two subclasses including silicon photonic-based neural networks, and
free-space-based optical network. The former has undergone considerable advancements recently owing to improved
fabrication capability and novel network components based on optics such as microring resonators and Mach-Zehnder
interferometers. The latter (e.g., diffractive neural networks) is also important, particularly for computational imaging-
based applications. However, optical neural network-based pattern recognition approaches are immature owing to the
implementation of nonlinear functions. Pattern recognition approaches founded on free-space-based optical networks are
hybrid optoelectronic correlators, far more mature than optical neural network-based ones. The correlator can be
codesigned with a neural network to serve as a coprocesser to prefilter some image features for ultrafast processing.
However, in conventional optical correlators, both the spatial and spectral bandwidths of systems have not been efficiently
used when performing the correlation operation. Hence, the inherent parallel processing capability of optics cannot be
fully exploited.

Methods In our previous work, a multichannel joint transform correlation method is proposed based on the compression
and translation of joint transform power spectrum to fully utilize spatial and spectral bandwidths and enhance the parallel
processing efficiency and recognition accuracy of optical correlation systems. In the input plane of this scheme, the scene
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image and N numbers of reference images are uploaded on different zones of the input spatial light modulator; then, the
phase maps optimized using the iterative algorithm are superimposed onto the images. In the Fourier plane, interference
between the Fourier spectra of scene images and those of every single reference image occurs in different zones of the
Fourier plane. When the restriction parameter in the phase optimization algorithm is appropriated adjusted, no
interference of the Fourier spectra of the reference images is observed. Consequently, the parallel processing of N
channels is achieved without crosstalk. The relation between the localized peak clutter mean of the Fourier spectra of the
preferred phase and the standard deviation of the correlation peak position is analyzed and used as a criterion for
preferential preferred phase mask selection. Furthermore, the standard deviation of the correlation peak position is
obtained for recognition tasks. In this study, we focus on distortion-invariant pattern recognition by integrating the
multichannel joint transform correlator and the synthetic discriminant function. First, the feasibility of the local peak to
clutter mean as a constraint for preferential phase selection is analyzed; results indicated that this factor is not appropriate
when the synthetic discriminant function is used. Hence, a new phase selection criterion—known as the variation in the
correlation peak position—is proposed to obtain the public preferred phase for targets with a specific distortion range.
Furthermore, the selected phase is used in the multichannel joint transform correlator with the synthetic discriminant
function to achieve distortion-invariant pattern recognition. Then, to determine the system performance in terms of the
distortion level, the tolerance of our system on the scaling-down of the size of target and the increase in the number of
training images for the synthetic discriminant function are analyzed. Finally, considering that the background may vary in
real applications, we take successive video frames as varied input backgrounds and analyze the feasibility of our proposal.

Results and Discussions Results indicate that under the considered image file size and background complexity, the
proposed method can achieve nine-channel parallel recognition (Fig. 8). For correct recognition, the minimum scaling
down factor is 0.6 (Fig. 11). When the number of rotated training images is increased to 9 in the synthetic discriminant
function, a correct recognition can be guaranteed (Fig. 13). The relation between the minimum threshold of phase the
optimization constraint and the synthesized image numbers of SDF is obtained for calculating the preferred phases
(Table 1). Furthermore, a correct recognition can be guaranteed when the values of half the pixels in the background
have changed (Fig. 16).

Conclusions Herein, a novel distortion-invariant pattern recognition method based on multichannel joint transform
correlator is proposed. The local peak to clutter mean is shown to be unsuitable, and we propose a new optimization
criterion known as the variation in the correlation peak position, which is feasible in this proposal. We achieve nine-
channel pattern recognition within 0.6-1.0 times of the scaling of the image size and rotation ranges of 0°~30°, 70°-100°,
140°-170°, 210°-240°, and 280°-310°. The upper limit of the number of synthesized training images is analyzed, which is
nine in this study. Moreover, the proposed method can maintain its performance when the background is varied within the
values of half its pixel, indicating robustness to background changes. The recognition speed and accuracy on distortion of
the system are considerably improved with our proposal, which will benefit the development of practical multichannel
optical correlators.

Key words information processing; optical pattern recognition; multiple channeled joint transform correlator; synthetic
discriminant function; distortion-invariant pattern recognition
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