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RESEARCH ON COMPUTER-GENERATED

HOLOGRAPHIC BASED ON DEEP LEARNING

ABSTRACT

Optical holographic display technology uses the principle of
interference of light to realize the synchronous recording of the amplitude
and phase of the object's light wave, and since the phase of the light wave
contains the depth information of the object, the depth information of the
object 1s also reconstructed when reconstructing the recorded object's light
wave. In the continuous development and progress of computer hardware
and software technology, computational holographic display technology
came into being. Computational holography can be obtained by simulating
the interference and diffraction process of light waves, computational
holography contains more accurate depth information than optical
holography, while the experimental equipment 1s simple, the hologram is
more convenient to store, which is due to the high diffraction efficiency of
the pure phase computational hologram, which has become one of the
mainstream display methods. In recent years, the development of deep
learning algorithms has gradually matured, with the improvement of the
computing power of the graphics processor, almost all deep learning
frameworks support image processing toolkit, which makes deep learning
in the field of image processing such as denoising, super-resolution
imaging, image recognition and other image processing has achieved good
results, and deep learning is also for solving the problem of computational
holography to provide a new way of thinking. In this paper, we launch the
research and experimentation on deep learning based computational
holography, and the main work is as follows:

(1) The basic principles of optical holographic display and
1
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computational holographic display are introduced, and the basic principles
of computational holography based on Fresnel diffraction and based on the
theory of angular spectrum diffraction are explained in detail. The basic
principle of deep learning and typical network model are introduced, and
the principle of computational holographic display technology based on
deep learning is elaborated.

(2) For the traditional iterative algorithm, which needs to trade-off
between imaging quality and computational speed, this paper combines the
customized attention residual block with the convolutional neural network
to construct the attention residual network. By training the network, the
attention module improves the feature extraction ability of the network,
and at the same time, the residual block prevents the network from
overfitting, so as to improve the quality of the holograms while generating
the holograms quickly. Software simulation and optical experiments show
the feasibility of the proposed algorithm.

(3) Aiming at the speckle noise problem accompanying the pure phase
hologram obtained by the iterative method, this paper proposes to construct
the attention wavelet residual network by embedding the attention residual
block into the wavelet network after each layer of convolution block.
Wavelet transform instead of pooling reduces the size of the pure phase
hologram, the attention block accurately captures the pure phase hologram
noise, and the residual block improves the fusion ability of the network
feature information. The inverse wavelet transform replaces upsampling to
get the denoised hologram. Simulation experiments show that the
improved network can effectively remove speckle noise while obtaining

high-quality holograms.

KEY WORDS: computational holography, deep learning, holographic
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display, phase optimization, speckle denoising
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By BURIH T AR SCER 4 5 IR BN O AR B Y P AT

WICRARARUR

BUE, e, A T ARENTIERAE SRlEER WEY
R A, 2R ERERNTZNA, Eand MR TREAINTEEEE
NP KDL o a3 Tt ST A A BEAT TSR PR AR 2, IR XS 2% J T AR O
WA AT 1 Al EREIR .

92 5, BERAREARERNA. M8 Ve R BRtoRIGRENCSR. 3K
AT I AE, 704 7 iH R 2 B BoR SR HEA B, 8N TR R =RT
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SO, X =T O kAT o AUHE S AN SE S

55 3 5, HEF IR ST AR AL 4 S AR BREVETE IT, R A SR AR
MGG ARAIEMNE SN A, BlmdEd] & DL A R .

%4, ENREHRMAMEHESRAL E, K CBAM iRASZEDR, FR
CBAM-FRZEMH, R FH XU R AR Rt 2 S P TSR M s i A 2 B A AT
Heal, 0 BN A HEAT R AR AL, [N 3 G AR A 1R . ORI AR
J R b BE R AR A REAT I 25, B TR A2 AL RE ST o 4 5 IRl RO e 7 s
LM E MR IR 1ML BAT RUFAYEMRPERE, 5 AR R M AR X sk e R
W I S X 2% (R T AT PR A R, BT — 5 I SE I B

55 B, A SR NASC AR BT B4 RN P i TAREAT R,
LU 20 AR O S 1) A J
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F2E HEEEMREFIERRE

TR AR B RBARR I F A BREARE T FH LA TH SR, fee i
KPR, M TEE. THARE SRR AR ERE. A
BEANHETOREA BRI A B AR EAEI, FENA T IHHEAER
ATES AR DL R = AT AR AT 05 50, FIRA 8 1 IR P 5 2] W J A S P = o
2o P L S5, B JE 0T TR B A S TS A AT R, Jd i IR P U
SRR, A AT 07 LA

2.1 2ERRER[FEE

2.1.1 F£ERBRHNEKRRE

eGR4 B R R A DG AN 226 6 AR TP R PR A M 2R 20, T
FOROALFKA AR (N B0 b, XA BTSSR, i 2-1 B
o FAIHDGHIAT SRR, R DGR MRS GO Ry, T DAAE XS B A PR FE 75 I
YR RRIEAAIALAE S, XA REAROVBAT I, Wi 2-2 .

BT
o) iy
]
R —_
e =i —

B 2-1 Panid s i

WY EIRME N :
O(%,Y)=0, (X, y)exp[ jio (X Y)] (2-1)
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S EIRIE A -
R(% ) =0y (% y)exp[ jgx (% ¥)] (2-2)
YoMz T2 e 3 BT Bt (2-3) Fros.
H(x,y)=0(xy)+R(xY) (2-3)

BB G5 AT LR 7R Y

L(x,y)=H(x,y)xH*(x,y)

=[0(x,¥)+R(X, y)Ix[O*(x,y)+R*(xy)]

=lo(x,y)[ +|R(x,y)] +R*x0+RxO*

=07 (X, ¥)+R; (X, ¥)+20, (X, ¥)Ry (X, y)cos[@o (X, ¥) = @r (X, ¥)]
1, O RaRVIGE R RINZ 56, O FonYu ek 2 BOCHM B (4 BT8O
AR, po RARPDICALAR BB R (BT8O _ERIARL AT, RoRoR
ZHNAL RO R (RRTHO ERRIE AT, or FZRZHIAEROCM R (25
T B EIAEAL A

(2-4)

K 2-2 T A ELE AR

Q- BB —TUERIRYD G R EL AT, 28 RN ZH I R E 40 A1
F=BIERRYDCMSE T AR, K a S AIRIEE B .
WA I D L, sl (2-5) Fios.
L(xy)=Lo(x y)explip (x, )] (2-5)

SRS L B R A, &R TRENERE 7 )i (2-6) Fr
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H'(X,y) =L(X,¥)-To (X, Y) (2-6)
KA, Lo AMRSOCHITRE A0, o o B EIAEAL 7040

212 HELEEREAXRIE

THAE A BB R BRI AT BLC SR 30 EC S, 385 g 58 v AP I R 4D
Yotk ERTHENUE R B, B R EEREWRIYOLE Bidttr, T itsEml
R e Ab PR B R DR A R SR AR DG (5 AR 25 s e
BEAT BAL, bR b i R B TRREI RS, Wnal (2-7) PR,

1 1

AX < Ay < —— 2-7

X Ax, Ay DHIRIRIEIREING, 2By, 2B, 70 IR IR TE o

20 /2 A _ERFE [ SR BRI, A B Rt 2 S 80k EinR . 35
TR, IF HIR 46 e BRE M B RO ok

BHUE F A e 207 2400 1 A T 500 07 SRS C B AT ALk AT IR,
(G0 SN < P 17 /R AE 0Ty e o SN SPR L AR E B TR 6l DO LU =N o TN /s Y R
A% 3% 2 O AR A5 208 -4 BLE .

2 EE EOEHEIREER, f5 2SIy 5 o S ILEC T
A0 SN S P i R og SN Sl U e T N A R R I KA T P o Aol N R E T
s it EEERA, Wl (2-8) Frs.

oY) =F{HENY (XY o oy (2-8)

W, (x,y) =exp(— jk,sinOx) (2-9)
A, PR EM EERERIE, Heop)RaRZIRIE, Plxy)Ron ERDER R
i, O 7R EALEHI TR AT o
THEA B HIE AR O e B RSS2 8T HEE R
P T8 8 2 T ' 8 1 4 55008 AU O ) A =, PO T R e OB U S WD T
A B R R BRI 2-3 Frs.
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Bl
aEm T w0 ZRESRE
yree
e
pti
B
spEm T 2ARm

K 2-3 AR R

22 HEE BRTTSHREY

IRYEFR AT HAL, SR AFRREATSH 7T LUE N 2 R AT A AT T, W
JLEORT ST SETTVEAT il B AR 5 k102 AR O 1 T S SR04

22.1 FERE{THHERE A EIE
M SR T, FEREATSHEBER IR (2-10) Fiz.
umwﬁﬁmeWMm¢%WwﬂwMﬂ%m<um

k=2712 (2-11)
X, A FREECIEK, kSRR d RORATHTEEES, u(xo,y0)RRHTHIRIE
STIRME 734 o
B AR x TR IR, f 3R y TS i, .
f=2f =

X:E; yzﬁ (2'12)
WHEE BT A AT B N (2-13)
U (% ) = ——exp(j ZZd)expl j 2= (x, + y,)] %
N =57 P07 el 06+,
(2-13)

[ ] uCt, Yo)expLi—<( + v expl-j27(x, f, + o T, )ebydy,

RIS, O 1 A AEVE B AR BESE , 75 XA LA AT ER R A e 225K,
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AR d By 2t (2-14) .
P
d3=ZZKX—&Y4%y—ydﬁ;x (2-14)

FEVEEATH AR 2-4 FToRss

2-4 FEVREATH LR
222 FERETHERHERZE

(1) {8 B A
R AT A TR, R MRS, AR (2-15)
i
U (x, ) =~ exp( jkd)exp[ 2% (x2 + y)]
idz 2d
o (2-15)
Xf@AMWWW§y&+%H}
SRR, P A, S I 8 (8 B AR 5 R TS Ry D
At
SEAT Pt (4 ARG, HRE UK TSI S L AT 0 SRR
IR, TR SR R
GNP TTSEE N MRS, 76 x 7 LI Loy WRMES S s,

PR i 2 TR A O

Unax = (2-16)

RFADB R 3% 77 1

(2-17)
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Lxo/2

[—»|

K 2-5 ATt B KR =

=

P 2-5 FI (2-17) w75
! _sin(p/2-a) _ L. /2
max 2 AW (2-18)
AR s U (2-18) AR WL &L T fe KR ~F A
24N d

L. = ——— (2-19)
,/4on2 — AN

KON RGTES, B AR5

L, = (2-20)

ESCATRAE Y, A PR A AR HEAT LB, AT SRS RO A
HRE SURATH PR RS #A D0 R . UATH d BUNE, ATEPMER NG 50 B 2
/Ny BT RAEA BT s T AT EE RS d BORITEDL, B 2-6 DM B N0
iR

(a) & HEL AT 5 (L) RH2EE () HHEEE

K 2-6 fi LI S0 A
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(2) BRKE

HRYEAEAE B, 3 1) 5 AR da B RT DI e e B P AR 4 e A oy 7 el 1) e
TR DBk, AT RUR SR SR WA SRR BT A T R R P IR R
e, BT EMAR, MR BT, tHE A=t (221 B

7N o

U(é,n)=f{Uo(Xo,yo)}xf{eXp[%(x2 +y2)]} (2-21)

XA, S Bk u AbbR, FRRNE B AR,
HR, BT as Rt 70 B AR e i i o233, SERATI T, TFEAR
= (2-22) Fas.

U (x, y)=%x¢‘l{u(m)} (2-22)

A, FHRORWE B A fod 72

BRI, MFESER AP A GErfsfe, Fr DU s iR th 2<%, DAkl
FERCARSE, X N B AT S T RO % 1 ) RS S A IR, 1 2-7 9 R L 4
R

- Y

(@) BRIEATH (b &R EEE A () BRIEE K

K 2-7 BRREVEDTHE

(3) fiEHE
0 (2-10) A4S Bk B2 A (eo,y0) b FO K IR 157 5 <
1 .
h(x—xo,y—yo)=M—deXp(Jkd) (2-23)
i b 20T LG B kg 7 A ANAR T, DRk m] DLIE ok s B AR e B e T A B SE TR
BT iz g Bon = (2-24) fioR.
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H(é,n)=eXp{Jkd[1—%(§2+772)]} (2-24)
FrbL, FEEBATH A AR N (2-25) .
U(my%=?*{f{udﬁp%»eﬂ{ﬂdﬂ—%;ﬁz+n%%} (2-25)

3 p R L A A L IR0 S AT S R AR K R R A
BE, SR IORT S A SR O NMBARTR, B 2-8 Dy A SR AR R

(a) A AT (b) iy 4= 2, (c)ff i L K]

Kl 2-8 MAIGHEIET B

4

23 REFIERRE

231 FEFIEENE

R R INLER % ] B R 456 T THREFINLAR 5 SRR, VR B ) Bk A
BN IRHAIE, BT LI, AL IR R ) IR S AR5
KNI AR AR A Bk, UG 22 2% 1) AR 77 30, IR = IR
R 20 D) 258 o) A BEAT AL T

PRE IR 28 R TR L 21 A%, LIRS, R B E TTA R,
ANPRE TOE I A A0S B E NG B, PRI N JZ  BassZ A
R, CUREE” AIITEREUZ, FRBUZ T LA 2.

Hm s i N JZ AR ZE I 2%, ERT AL R AR, RS R i B3R 470
BURF, FFE o s BT AR 2t A e, 5 Ja Wit J2 3 1 2 2RO HLAS 352K
BRUKR, 451 2K bR B SR A B S TR ) 221
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TR RO P 2 SR A A F 9P IR IR E (S 5, B EEGEN, RlinirE
55 S AR 2RS4 T I R A\ i A5 SR BRI e T I A H A L ) e
B, KA S B S VIR EG Tk, [EREMEITRER S, REKH
BEABCEAN W B AR, BT S 4, SRR 2-9 Fror.

EIANX

v

M
BE — g

v

M
BE —  pas

I

TiEY ' HAREY

\\\‘K///

PN
#

}

BURME

K 29 BURRECER S E R E K

N T B/ IMEAUR B, TRIE TR e 2 P28 B R AN &, — Se LSRR
o B WAL A FERELER B R BRIk Adagrad i5. BhEKRE T RELSE.

2.3.2 HLARIGEIERI LG

TR =7 N FHAE &, BB LA, MM RIS & A 1E
TG AT LA, RO 2 I M 4 B4 M4 (convolutional
neural network, CNN) 1951, 5RZ 2% (residual network, ResNet) 661 FIE gl
ST 4%  (generative adversarial network, GAN) [071, "RT#5 43 H A 473X = Ff i
2

(1) BRARPL R 2%
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BRI M AN O IRALSE S RE 77, ATARYE W 2% /2 Ot i A\ Bl 1471
MG 1228 AT AT B 7 ST AR B 4 5], BB T R Bt
MALHE . CNN Z O R 2B RRRE, BRME MK 2-10 frs, FEA
A EAERANZ . SRR BURRE. R EER)R .

EBRE EBRZ
L= L=

K] 2-10 BRI 25 25 1)

s N 2T A, R, BWEMAIERE. BE R AbE
HBIERMAER R, BRE RS TERRAR, B AT E D g .
EEXT I8 ISR, RTRICR A B & RN B NIE sl e 1, 3 El st AT G AR 5
B, HE RSB A LG A FRE, ARG ERE IR A R,
Z 2 A SR BUE B AL . BRI 2-11 .

11234 L2]3(4
5(6|7]|8 01 30| 42
516 |78 2 0|1 30 ® )
9 (101112 203 9101112 23
13114115115 13| 14| 15| 15
(@) (b)
1l2]3]4 12314
516|718 01 30 | 42 50678 0] 1 30 | 42
® - ® —>
9 |10|11]12 2|3 78 9 |10[11]|12 2|3 78190
13]14(15 |15 13]14]15]| 15
(© (d)

Kl 2-11 BRILFE(a)~(d)

B Z e Bis il — DN EZ N, At B e 8 B s sk i
RN ARZ R, W R B A O R, R A, A 2%
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Rk 2 0 R, TEN G SR RE. H WIS RCH sigmiod BUH
PR, ReLU 0 B& AN tanh Y0 B 2.

AL 2 SR AL B AR 5 A AR KA, A 22 T 25 [ 50 ] PA) A B8 200,
WHEA PRI PRI, X 2-12 s,

1|2(3]|4 12|34
50678 3.5 | 5.5 56|78 618
9 (10|11 |12 oz e 9 |1011]12 14 | 16
13 |14 |15 | 16 13 |14 [15|16

(a)y'F itk (b)fe Kithtb

K 2-12 AT () FEibit: Oy ikt

T ZEARZ N2 Th s B €, B BRI D & e R, 1B RE
38 i WX 28 0] Ry R AR AR E 1 o [RII, I T KBS B BYa L, Ak E A BT
23 T I M AR AR i N AR T K DG BRERFALE

e I AR AR B B R AT AR 2R, U T R SR IR AR 4
JEVREAIE, 42 FE 43 B At 2000

B AW 5T BB ER G SESLEIRE R, W T REMTHE, 7E4
TG BUN ST S I A, [ S AR 22 0 2% B (PR AR PE AN & 4
Ve T S 2 AL RE S AT G
(2) BRFEM %

FRIE 26 9 H I A T A TR 2 T 22 36 S o FRE Y 2 B P8 A A ) R 491
WEFRE MELE R B EREE R, FEGHEEZIERZE. W=z,
Go s IR A ] R, 7k 25 I 4% SR U BRI 24 (1 7 ¥ S o P A M 5 )
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X X
[ mae | | mER
| L i 1 |
| weEEsM || | wemmE ||
—— i
| e i | W2
777777777 ) f0)-x)  x
S 9
i Wi R
(a) 1E 6 B (b) ez

P 2-13 B ZZRANIE HHRRS L
FREMG I E AR RIREDL, FREYUBL B EER:, W% TIRIZNZN
fESERLS, WA TTREMmAMHEE 8. WK 2-13 fir, a Z2IEFH. b
FETR PR . TR ZEPRAE R NI B 250 AT N T BRER SR o I B R 2
ANH
H(x) = F(x) (2-26)
R IE PO B BRI«
H(x) =F(x) +x (227
fEUIgE R, it Ce R RN, fFE SR EANERZESTTUE
FEWFEI0, ARAE B RN LS I 25 v, YIRS 23 B I 246 R0, BB A I 28 R FE PRI IR
WS RS P 2 . fEFRZEM4 T, @I —MESERU x, R
2] HbR i Hoo=x F#y Fio=H(x)-x, 2k RMAMHN, N&HH F)=0, X
fdm b e Hoo=x, M2 F(x)=0 BEEINAE S . FkaMgilgiiRE
I, FRZEMGEIT S 1% F(x)=0 Yo iZ%Z B %M F— 2N, #1504
J AN 5 M) ) 4% 3088 PR R s A ) 1) S o
[F] o) B 22 B Dy A AT DU N LA A 28 I 2, Bk Feihl i ik %2, 1H
SRS IR 2%, Tl 72 2% G LA ST N A 22 B — By, Tk 1 I
J¥ .
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(3) LR R 45

P RSN STT  4 A — l I M B R RE  SI AR , S I A  BRAT  R R RAE X 2%
HAHE 72, AWt . AR S B ] 2-14 Fros, EEEHA
s (G) ARG (D) M.

Jrant
HARHAE

|l|.
R AEAE

B 2-14 A5 s 70 I 25 AR

A s PR AR AR AR Sl 3 e 3 2 o P s FH A W e L5
It 2 A i A AR

BB B eI, ISR RAs  1E F PR RRECAE R g 25 I A
ae B RS . B AR AR A, AR s AN i B e 2B BB

FBG BUEA R, WA A BETE 2 — B BOAN T o, )
A A 43 BB, BT LASE B BOZRADN 28, i Rra | Zhfs HoR 2 et
A A AR -

BB, EEE B F B EEUISAE R AN E R A A
A RE 7858 (1 ) 531 5% o

PR RO IR 288 A2 A R A ) 48 A TR R, (2R A0 R AL A i B A A2 DA
CIBGEL SRR B, 00 5 e A W Fl P P LA T2 SRt 19X 2% I P 0 A ok
PR AE AR R 4 5 5 T

24 B TREFINIHTEZERKR

TR 5 ST 5 KT RE 77, vk 7 oF 534 B R A L, Dtk SR BRI
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RIEHEC IR RIS . AR B KR MALIKE L £S5 #A B
TR e AN E B R TR A I TR B AR S i, WA B
Prits e BEA G, R 2-15 Fs.

S 525

HCRAEIfE *’é@ﬁ?ﬁ_f%j—» W TS

K 2-15 FEFIREEE 2 A it B4 B TR

Hm e i) B 2 I ZRaE R NI HRE 4 S B A O o 0 3B iR
FEE ) TR MR G TR A B, R AT B g s d KB e 8 . R AK
BRI 2 5] AR S R A v Bl 46

BEXTIETE H AR, A2 P R BB A AR, AR SCE A U-Net #EAT4EAH AL
A R R A R, R H N 28 P 45 0 AR A 4 S P R AT 25

BEF IR S ST 5 4 5 T2 A B T AR G A BT TR AE A o A A
BRI, Bl 2-16 AT HELEHI S R

(b)

(d)

K 2-16 IR 2 1 AR e B 5 iR A e B X . (5B (&g AL RS R

K (fegrka R EER; (WREEIEREERE; (FREY el EEE,
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2.5 KRB/

AT EENG O RN E 2 BRI, 28 BoRBOREIN A
TR R, ATOr ROt LRI R, ARBEENG 7 TIREEAT
SR =R SRR, e 7 = MEE R TR A HOR =M Rk AT H . AR
RIS T7H, AN TR I M T L MG KRR G, gl 7R
e TRIEMN RIS FUAE UM 28R, a1 R TR I T R A B A
AR, FFHEAT 5 H S5
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£ 38 ETERMWEMEMNAERELE S EERK

AR IR ARSI fE A i R ORI 2R o 4 2 s R s A AR
IPCA ar REdE, AFRR L 2] 5 ARSI S &, A28 700 H B IR R (S
5 R AL IR AT AR A A A AR A A B, B SRR DG S8R T A
B RS R A R S R (R I e e R A A

3.1 ETHERMEMFZRIABL 2 2 EE KRS

3.1.1 diiRf e B EE BRIE

AT TR P 3] A il B B R TR L 2 S A AR R 4 5 - R SIR I
5 DA IR RS B AR s R 2GR 22 N 28 2544, 1 R 42 1 2% i Tt
AR R IR, R R RS ARy AR e R e, HEE R
ae PR o R A S (450 5% R KO LU B R IR IR 5 H AR R IRIB I 22 57, HiRE
e E AN e M EE KA, BARRELE 3-1 frs.

PRl 15 5 <
y Y
U-Net EAENCE
A
y
AL HEGIRIES L

B 3-1 J T AR e 0 2% A R AR o7 4= 2 PR A 1
3.1.2 AR EIRE R

FESR R RIR 1 AL R U0 B A R — A B I AR e
FRAT S I R A B0 o 0V B A AR 22 X 2 HHE b L SRR A B R T A AT
BARTE S R AR 8 2 4 BT T AL B IRME AT, fiE AL 3 A sy b
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firsrEie, tEAXW 3-1D Frs.
U(xy)=F{FAu(xy)-H(f,, f,)} (3-1)
Ref, FRORM R, F' Rl R, wx, )RR,
Ulx, ) 3R 4 BTG 5340, Hx, y) o Heid B8, £ 50 50m (3-2) Fir.

exp[iz—”z«[l—)b2 fe—A% ] ) AfE+ 2717 <1
A (3-2)

0, else

H(f, f,)=

X, 2 ERVIEESHRBEAK, £, f 7 0F0R x BRy S5 ) 2S8R, z %
A R R S

WUE AR AT, TR (3-1) BT B BOREE, AR A
Al (3-3) Fris.

Us (m.n)=U,(ms,,ms, ) (3-3)

X, Oy, 0, RIRRIERIG, (m, )R RAEALAR .

{22 4]
{3 -

ﬁl:':l, M=L,/ 6, N:Ly/5y7 ﬁ\%ﬂﬁﬂ?‘ifﬁ%y E‘J%Eﬁﬂ‘i%&’ []%%Fﬂiﬁl%’ I_J
Foon ) T BB

(3-4)

3.2 MIBLEH

3.2.1 {HZMLERILEH

AR E A FH LS U-Net fFE BRI 45, U-Net B B IUIZRE Y, 724
SEHEI > E, JF BN MR, BELE S IRBRHMEA & BRI AE B o RATS
BRGNS, g AN EEE LA RS K, FNEREEGEI, FFHIIANT
HE SOER D, St e e 2% an i 3-2 frs.

27



o N 2 T e A TS

WA == -~

— EFERAE
AR

- _I- (-3

CBAM-%% Z=

K 3-2 AR 42 X 2% S5 1 7 i

kB U B, AT a0 2 Rrn R UM 2%, i DY = S5 F A [ AR R
B, FEEHMA 3IX3 BB —MNMERTPRERNS KN 2 Kbtz 41
o JEAE e ERFEE R, ERFERER AL A 3 X3 BRBAEE
BRERIERE 550Kk B RFAE SIS 7 (AR RLRFAE I 0 B B4 o R ORFRRFAESR AL, K
FERFAEEAY o

322 EENFRERR

7 JIHLH] (Convolution Block Attention Module, CBAM) J& —Fili % £ U
e, WTHTHMRGIRMZ M4, 454 T (channel) MIZ¥[H] (spatial) {5 7)
Bt XTI 4 B, A U e S A 7 ) R G g A 4 P R T
JIBE, FRRHERT I VR AT, #ET B IERAHEDLA, anE 3-3 FiR. fA
RRE4 SV, FEIRIE T R HLE EAT 2R SO RS EIBAL, BBAL S 1)
IR N AR, P AEGANEIE N E Mo Wi A R 25 FRHIE 4
BB EAEE b, AT S, fWaEREE R Y KV A

FIEVER NS, 2N ERE, —PMHTHPIKCF T RlER, 5—1 HT
AR BT 10 S S, PINERE R R AT IZ s R AR, DR ANFAL B AL
HAEE. ZHAFEZT Sigmoid i ek HfF B0 EAUE Ms, 447 EBE RN 2
V', DO HEHT AU A, s AR A SR 1, CBAM REHL i 2 il i
T R RO R B R R A sl A . H R R 1] 3-4 iR . CBAM if
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o (3-5) (3-6) (3-7)  (3-8) Fimse

V'=M_(F)-F (3-5)

V'=M; (V") -V’ (3-6)

M. (F) = o(MLP(AvgPool (F)) + MLP(MaxPool))) (3-7)
M, = o (f ™ ([AvgPool (F); MaxPool (F)])) (3-8)

X, RRBILERMIE, o FoR Sigmoid PG R, /7 RR KNG .

o [Py WAkl
mEEESNE
TR T T T T | B
BEEER i
EEEE .
[ | | || >
JEE BRIV IIBUREAE V7

& 3-3 CBAM 7E & SIHLHI A

BRI 2

|
|
|
|
|
®-[Sigmia]
|
|
|
|

]
PR EIEEE j‘ch

BT
AL

34 ERATESORER

ARSC A R 25 3T I CBAM BRI BE U 70 C, A6 28 ZE £ x4 5L [ ik
AT B T I OGVE OB 75, AN L BUREAE, AT S e X 2% (1 B M e 7 o [
CBAM 52— R, AT LEFE RS .

M CBAM #HUG, Wiy 1k W48 AR08 N T 300t Sd B2, b6 BRI 1)
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A, R CBAM BEERIR NS ZEDRL, ] W4 48 IR A0 1 R B Inaid J2 -5 TR 2 R Ik 45
SR I CBAM-RZEHANE 3-5 iR .

()
A

L x
F(x)=flx)+x

[ |

K] 3-5 CBAM-5k ZZ AR L e
3.2.3 kR

TR TGP W 2% (40 R R B FH 25 R 22 (MSE) , R il Bl AR
GEBHRE KT LR 22 1P A, BT IR ZE TR AR (3-9) Fios.

> (-9

loss = = (3-9)

Kb, yi WEFRIREEIR: y=|AP, JONE@EERG: 7 =|A]2, n NIGHE.

ATLAE ), 2y, 4k R OE B AR, T 5 SR T B S ST AR 5 4 A
7, HBRARSS AR TTRESEEL, T LA 452 bR OB M, 2R 2R B e R
o 7EM LI ZRIL TR ch 3 Adam fR14 28155, 78 S MM BB T4, WIMhE ST %
$9.0.0001, Bz SR 3et, MRS %N e, MU ZRHINLEIGLE A 1000
TKIE
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3.2.4 HiEsE

AR E R YR RIRIE(S B L B RIS B4, FIFH Python 5 BEAL
A B EHE R IE (S B EIRIEE B, HEARERmMY, RO, IZRM 2 mE
B A, AR ZREdESE 30000, KAEHEE 10000, [RINEH Set12 AR FE EI %
FEAE R, oS e segt

33 BEHRESHH

A B S5 B % = N Python, 7E Pytorch HEZETsz®l, KH 64 fi
Windows10 #:/E &%t, WTE 16.0G, ik NVIDIA2060Ti.

3.3.1 EEEGRETFNIRE

A B 1 B B A 55 58 U 0, A SCHIONHE F IR R o B 1Al i b
B U B {5 et (Peak Signal-to-Noise Ratio, PSNR) #1145 #) AL & ( Structural
Similarity, SSIM)

U {15 16 L B0 Rk =0

MAX ?
PSNR =10-log,,| —— -
g1o£ MSE J (3-10)

Ad, MAXI FoR KGR Al e 248, MSE £z, HitEaRw 3-
11) foR.

MSE=%mzlnf‘[x(i,j)—Y(i,j)}2 (3-1D)

A, XL Y PRER PR mXn BB
SRR B3Rk 50N .

(2ﬂx#y+cl)(20xy+02) (3-12)
(,uxz +y§ +C1)(Gf +0'§ +C2)

SSIM (x,y) =

Ho, x, y R RIREIR, 1o ) SRR x, y BISERE X LU FE AN S5 14 1)
ElZiéj,fE’ Ox, Oy éj\ljj]u%%/j_i X5y B@*ﬁyﬁﬁ’ O xy %7‘% X,y E@Tj]‘ﬁ%a C1,Co y\jﬁ%&’
PRAE 7 BE N 0 B (R A e P
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332 EEGERS O

BT 2 SUR AT I 1508, K 2 SUE AN SR8 (KX 2%, 73 1% H 1) 4
SEMERE, JF5E5EM GS FIE#EATH . X LAIR WA 3-6 frox, wl LA
BRI A R R BRI, ER RN R, B G EEO .

GV OAFTHIEREER  (c)GS HiLHER
K 3-6 MAE SIS (@IEEE; O)ATEIHEREE BHEER; (ofkdt GS Hike
BHEEE

X 2 UG AT AT LS, S G T 7T A 2 i LR (R I D B N 4,
KRN R 545 GS BEgHAT A b, xtegs Rl 3-7 s, ATLAE
AT AR B 4 B E R IE W s th I IMFC R, B O e s />, £ 3-1 28
K EFFAMES GS FkE AN SR ) PSNR Al SSIM 458, &S Z 5.
Rl LG T A & BE AL G GS AW THE I [ 245 W3R 3-2 fis, AR A
MG RST 94 256 X256, ALRUESSITHE S5 BMHER 1, T Set12 Hdfuf it
ATIRUESESS:, M 12 FKEE P EgIs AT I E) JE o0f EE R Sk Be 45 R 5 3% 3-2 M5,
AR B B BARAE VTSI 1] IS K15 58 GS Bk, (H AL 48 GS ki R ET IR,
ok B ER RN, BRI ERE.
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% 3-1 %JHs2E PSNR(AB)/SSIM 14

S NN R R e 145 GS Bk E K
PSNR(dB) 29.32 25.46
SSIM 0.8671 0.5193

# 3-2 XF L SIS TR ] (ms)
AL EER 1£48 GS Bl mE @K
T B 8] /ms 5.2 3.6

(b)

(@) )
B 3-7 FRRITXT ELOT . (BRITR K O)AFRFRERRE; (FFRFEZEEE;: )
4t GS FLEERE] (e)ft4t GS Hike R K

N B U A B SR iR LRI, 1B HUESE (baboon) 11 D 117 FO
%, 5 gEREY SRS B Sk T ER R b, 1B 3-8 AR LEAE R, Al
B A S HINAA R R LA U RIRTr, R RN, A s R
BRI EEGS R, BTG NREIE 2R, (B =4 F i E @ R A &
PARZEA K. LA PSNR APPI AR, AEHVEIRZEY BRTH4 0.2dB.
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(©)

3-8 AN[FIGVZEAE SR (baboon) B FEE AT L . (a) AT 1% baboon AR (b)Y HUH L
baboon E &% (c)f# H.I-%5 7% baboon Fi# {4

3.4 NFSWERDH

3.4.1 SERGSERRIE

N T IREARCHEAD A S R R R, A 1 & 3-9 fir
NBIE RS P 532 nm BYBOEHAE NG, JEURASE AT Ot AGE I R
AR AT « iR P A0 RS I R A B AR 7 42 2 I 22 TG IR i 8% e S8
6 v ASE P 22 TR I e o) 2 9 2 AE O Y 4 T Dl T ) 2, AR EKIBIBEDY 6.4 pm, RAF
AN 19201080 153 . A DG K]S B R BT RG], 2 4F RGNS,
#4574 Cannon 500D AHALRAE, W&l 3-10 N FEREHIOLE LI
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BRA =R FRIE  ZENEHEE

|

AR Z[AiEiReR

K3-9 SteAsin RGuaitn w K

K 3-10 seistms s

342 AEFERER

e E AR IE 3-11 fn, AERFEFDEEESRET RN G, HE
SRS U v RO P B 55 HL P o A 38 20, A AP S RO 45 SR AR )
7 AIMTERIE 1 AN T A S b B ) A A R
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() (b) ()
311 e R R @A EHROLY L (b)Y ML (MRS
e

xRt e B B A BRI AT R AT O S g, Sl a Rk 3-12
fis, RAER O EEAH B EN M EOREIE, HYRREEWT I, R
BREMEERIE, NEEM RGOS R M= B aE 1T Relk.

(©) (d)
K 3-12 REEDerEE. @ TR OFRTEE: ot rEgl; (DR HtFER
e
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3.5 RENG

RBEAGIRMPLIZE (U-Net) il EHEHIRZEGIRMZSE, FEAHEIR 1 2%
PR, BARENIE UL IR R BB, e G ENA TR A, EREREA
e A I R, KR PBE S S M A AR SR AR S & A I RIT A4 22 0 25 T A\ AR
MIRIRIEE S, AL MERT AR e BEMERE. ARk , A=
Frd th SR AE B i B B R Y B [ B SRAME gt GS ST W &
#27F, PSNR {E A1 SSIM {2 iy TAE Gt 5% . A=A sk, il Hth A e 4 —,
TG AR R AR T AR S
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F4E ETIENRZREMBNAERME BB EREE

AR, iR REE PR A R R, BERE S EEME
AGIRIAR T 1 AN SZ 4% T 77 AR O e 75 o T B IO e 7 1) T v R A O 1T
VA EUR AL B 5% o 6 B B 5 92wl DI I 22 1 4 2 B B I 240k, B
I ARG AR TSI, AR OG VAT E AR K SEg0 26 1, RE IR, H
7 MG A3 7R AL S R I8 P AN A s e 2 o B B R A PRAE 4= 5 R IR
Bmge b IO iR AR SEI AR, HARMERI B . (H i T S A5, S id i
SUHAE B R AN L 2. A B LT R/ I 2642 HE CBAM-/INEL R
ZEM 4, {E /Nl ph 28 W 4% LAl 5] X\ Convolution Block Attention Module (CBAM)
ERSIHUEFIRZES, K CBAMIE R ML AR Z I S, H S 2= Pkt Nk
BRI 22 ) 28 R0 1 [R] N, CBAMYE = JJ ALK R AE I R 1 Dy A\ ORAIE 42 B R
AR B BE BA D o A6 07 BB AR I ZrM 25, {345 M 25 56 Bz
Itk

4.1 Bphe A AL NE R
4.1.1 £EEPHPIEEER

77 A OB N 7 TR A R M R ) O AE AR R TS S TR T — R T35
E T U I M S BRI 5 A, 5 SSCZE W Jo BBl R A J 1 1 AL 4 A7 1
BE. 1976 4, Arsenault iEB] /&M BB 1L FIEA2EE R SHEEESE N 2 [
fk &R, W (4D s,
L(x,Y)=R(xY)N(x,y)=rexp(f )n exp(f,) (4-1D
KA, (%, Y)FRER RIS, x AR, y WRAFR. R(X, )RR A 215G
S e R AE A B (x, y) AR BRI - N(x, )27 -5 TR P A5 20 A AR EL A 1 A
FEIRIE. 115 ¢i 2 AFN VI RIE S AR, ni 5 g o A BB I 75 1) B
AN 55 1(x, Y) RN JEIE A R 52 BIEERE S N ¥5 345 1) EME . BN S 73
A, FITLAAE GE 6 2 2 R0 A B 207 AR AT S ol R e 75
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4.1.1 BEUNEERRE

THEBEBUNE RIS T BB P N T, HEMRRCRE,
JEU P A e i s PR B e A /N AR 0 3 g D3I ALL AR BOR A Y AR A SR KL
S BB AR AT 3, 100 24019 28 A0l 912 e SR 5 AR 75, X 40 47 AR MO AT B A
B, RERMERT . AT 5 LAl AR EOM B AL B S A 4H T R ECE R AT
BHUNp A, 1321 L 05 1 ER

B TUNEIE BREL ¥ (x, )R — SR/ MXIN (R 1Cx, p)BEAT 20 A5 21
Ko, EEHASRE. SANE. [0 E, 2ENAXSHI (4-2) (4-3)

(4-4) (4-5) Fizs.

S E !
- - M_lN_l - -
ali, j]= ). > 1% yl-wli-2x, j-V] (4-2)
x=0 y=0
ST
. - M_lN_l - -
bfi, 1= 2 1% Y- wli-x, j-2y] (4-3)
x=0 y=0
%14
- - M_lN_l - -
cfi, j1= 2 D 1 yl-wli-2x, j-2y] (4-4)
X=0 y=
fAs B
- - M_lN_l - -
dfi, j1= > D 1% y]-dli-x, j- V] (4-5)

x=0 y=0
X, Sl Oy AN R A, T R IR AR

R mB &Iy, TEESE. N ATEMKEEE ST, N
TIEBE, K RE0E SN w(i,j). XTI R B RBOEAT RE AR, THEA

R (4-6) i,

~<

\ML”:{wﬁjL if i, j]|= 2 e

0, if i, j]| < 4
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BRME AR IR H AR BT R B0, DL BRI A5 IR0 . 3252 N
M 7 3 R UAE I 0y, TSR 5 B 2 R BLAE IR AT 73 A 0 iR AR 7
XA B ali, j13E 20 00, IR X6 23 fff O A0 19 o B idb AT BUEAC B, ELRE 3
i (0 3 i J2 o A AL TR A ALh 73 S AN R AR B A RO AT o B A A, iEAT IS 4
BHUNE A, RFRIRMEER B, SR EHE A (4-7) FR.

o M-1N-1 ] ) M-1N-1 ] ]
Ili, 1= > 1[x, y]-w[l—Zx,J—y]+ZZl[x, y]-wli-—x, j-2y]
x=0 y=0 x=0 y (4-7)
M-1N-1 M-1N-1

+ZZI[x,y]-w[i—2x,j—2y]+ Zl[x yI-gli- %, j- Y]

X=

4.2 FERLERIT LB
4.2.1 BEARMLELEH

AP 4 B LR N 2 AR R 2% W T AT R T = B
T2 H U-Net 2. /DR HE NG RE—Z, WA M B 50
(Discrete Wavelet Transform, DWT) FIAEFI#Z& 258 (Convolutional Neural
Network Module, CNNDZAL, 4 =24 1 W, & — 2 tH DWT.CNN Al CBAM-
BREP =AY o 3R 1 W H 30 /N2 e CInverse Wavelet Transform, IWT)
MG R ZE P R AR il . AR SCHR HE Y 4 S TR 5 M X 2 2Rt ] 4-1 s

4t 1

Sy

e
z

\

\
W -

4
We— =8
....... '
DWT IWT ERN Conv+BN+ Conv
B B ReLU

I 41 VERE AT/ P
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TR A R B AR L 4 B BN 25, x4 B EEAT NB . A2 R R
28 B HUNEAE B DWT JE #0047 R, e fid e &l 4-2 fos, B
PR P VU IR A (—MIRIE PR Fus AN ED@EEBE A Fuis Fracs Faw) 1E
AR R ERUP K 2 I E S8 ARSCH/NEAR R A haar /N,
PO PEP A E XA (4-8) Fiaw.

11 -1 -1 -11 1 -1
FLL:1 11’ FLH: 1 11 FHL:_l 1’ FHH:_l 1 (4-8)

REAR Fuis Funs Fros FrefIEIERS, FHIEAL 4 X4 nlisERE, 4 B KB
NN TEEE I Ias laes lans HEAR0 (4-9) Fros.
(FLL*|)¢2
(FLH*|)¢2
c=(Fa ¥ )
|HH (Fy 142

(4-9)

A, RGP | RARRERT N 2 bR T REDFE. R Harr /N3
IR, B BB, SER s Ies Taes lpp SN (4-2)  (4-3)  (4-
4) (45 TN E.,

Kl 4-2 4R HUNAR ) R R

WG, FaRE&dH = EaEH I_J%(FullyConvolutional Network, FCN)
ZHLAH) CNN B, iz ksl D R e B iE, DL B RoR, 225N
P2 3X3 IBERE . ftEH B IELNE BTk IR K. Bl
CBAM-FRZEER, [ 38 N 2] 19T 4 5 B o O l JE R AL AN BRI B
HI IWT Xf 74 BIEBET FoRAE, A 250 5 12 K
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422 BIRSEHIE

fegiax BB T AR B 2 S0, 54 R BB T S SEBU T-5%
SOREL, Hhaliif 2 2 N g EA A R &, RS Ekm 2N M. H AT
TR EE 5 2 1D I 2% Bk T P R s SR AN 5 AN Tt X 2% ) )1 2, P DA G 22 H AT
Hate . ACHHEE N Matlab BAFER, ERMAFERE (Zernike) (4%
T AR AUE R 1000 SRICME P AHALIE, RSH DN 256X 256 15 3% o #ExS AL s AR Az
FIREAT BEALHOR A 3, IR A AR ORI 5 15 2 JC e A O T R UK, A5 21
B 9 7 AR A5, R G AR AL A I AS [R]85 4 1 e 4
MRS, TR At 5000 SKIHENE 7S ARSI . Herb 4500 K HAEIIZR, 500 K
FITFI0 . UnlEl 4-3 Fiross & B o0 ik e P K o e ]

4-3 Hu iR 7

4.2.4 IR

XK L2 uHUE otk e, HAitRE AR (4-100 Fror.
L(©) =507 2oIF (3.0)=x (4-10)
Horf, @ RRM&SH, F(y, O)FrFAml, {xd RRiIgE, yidom i

MG PN S o7 i WS DIVAE 7] s
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K ADAM RALZRRALINLS, f L@)F/Mb. HBHWFE 4-1 frox, Hih
SHAE BRI A . WILRA 10N 0.001, BRI 24 XHEdE, £HE4T 40 Ik
S — ANV GREE M SR LB BTG S Python, 7E Pytorch HEZEHSZIL,
K H 64 fi7 Windows10 #:4F R4, WAF 16.0G, %~ NVIDIA2060Ti.

2 4-1 ADAM AL 3 Bk S5

SRR il
LR 24
YA TR H R 0.9
5B Il TSR B R 0.999
S B S 0.01
B 1R % 10

43 (HESWERSW

4.3.1 i B KM 056

PRSI ZR5E il a , el —2H M P o AT e 1) ST R 75 1], g et 2% 5 H R
R W B e 07 5 T YN SR AR S it S B4 B (Trainable Nonlinear Response
Diffusion, TNRD) [l =4k JLRcsy% (3D Block Matching, BM3D) 0,
L%/ A M4 (Multi-level Wavelet Convolutional NeuralNetwork, MWCNN)
UUZEATRr LG, Zme s RNl 4-4 Fios. W RAE Y, IIERJS 9 25 B i sk S i 1
Hofth =Fh 05235 . BM3D 5051 TNRD S35k B e ke /s, (B 241y,
[ 75 2 2 ok 4 BRI B — ok 4 B, MWCNN B0 5 KRR B2 142 B
A RUE IS o BUIE IR 287 JFUAS (R M 75 e A 208 25 BRI R il L, e KPR e B R
B EWRLE IR ol T/ INBAR R 1 A, 7R 23 AT AN S TR M P X R R L A R
B DX IS B AR e 1 2 8 R o [RIST | T R SRR AT E SR A DWT AIWT 1
A, BECRIEZN T AR

A B[R PSNR F1 SSIM /E 5t & PPN #6845, R4 PSNR H1 SSIM )1t
FAXATR, R, BURSTE T o K D B S5O 70 B 7753 31
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LM, TR =5 M PSNR {HAT SSIM {8, 45 RUn# 4-2 s, w]
i SO 77 10 25 14 2 I PSNR (LA SSIMELH R T LU VA e JR ) 4 8,
EIPPA T b

CBAM-WRN

4-4 ANTR) S i I 25 M 4 RN B

# 42 R[FIHE LS PSNR(AB)/SSIM 1

Wk BM3D TNRD MWCNN CBAM-MWRN

(PSNR/SSIM)  (PSNR/SSIM)  (PSNR/SSIM)  (PSNR/SSIM)

1 29.85/0.8512 30.02/0.8523 30.25/0.8554 31.81/0.8710
2 28.47/0.8002 28.89/0.8103 29.23/0.8263 29.45/0.8401
3 29.91/08812 29.25/0.8755 29.85/0.8790 31.95/0.9012

4.3.2 A[EIIER £ 5 B MR SCIE XTI L

CBAM-/INBEHR 22 W 28 6 T8 2 SRR P M OR 235, Dy Dt X 28 0 i AH 7
& BB BEERE S, R E G SIS A S Lena E/E AR, ¥ Lena 42 5
N5, [FI A BM3D &9k, TNRD Hi%, MWCNN S ikxt 4 5 AT R,
ok e e A B R E A, SR 4-5 Fos.
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@ h)
K 4-5 SFEREGZE B ()R M4 B (b)BM3D kM4 8K (c)TNRD Hik kLM 4
HE; ()MWCNN 2% F: 4 B, () CBAM-/NE L Z /2% 0k 4 BLE, (H)~()N R4 B
e A ]

ISR A SC Bt B AN [R) Al AR AL 4 B AR R VR I LM, KR =Y
By WAL ELYE . Gerchberg-Saxton By — P4 $1L 503048 B 42 I8 B 48 ot Y
7 LM e K SR LM E KT B, P L g R 4-6 Bk .

Kl 4-6 fimgR. (rEY HEEERE; O)PAEM FEERERE; (c)Gerchberg-Saxton
FEEE; ()REYHEE LG EREE: ()WUAEA Bk L fEHERE; (HGerchberg-
Saxton H i 2 W J5 5 2 18]
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AT DL, RZEY BRSO 5 A B B 4 W 2% 22 18 AR ot & B
$eFt, tHEE 4-3 W%, Gerchberg-Saxton %y 2 5 8 £ 8] PSNR #2F+4 0.2 4
WA+

3 4-3 IFIS%LFERT 5 PSNR(AB)/SSIM {H

WEY A SUMEAISYE Gerchberg-Saxton 5k

R ET 22.36/0.7913 24.87/0.8223 31.75/0.8812
M S 25.12/0.8122 26.35/0.8459 31.77/0.8867

DRE— A U T St R 0] 4 B B S RN BEAT A 04K, ARl 10 aR AR B4y
BEF AT ERTH. (Q~(d)ARERERSEHERE, (e)~(h) VXUt MeEL)s
R EEERE, U S A XA B IR 2 R AR L A5 2.

(b)

Bl 4-7 R 24 SR B 2 R (a)~(d) 15 2 1 4 JE 1) B 2 JRD6 B (e)~(h)
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44 KEIWLER N

4-8 NE B B AU LL R B R . w] RATR TR 25 MR 108
FEHABRREAYERT, BORAER>, SRR

(€) () (9) (h)
Kl 4-8 REMa R FEREDEFER (D) S LW KEZEEDE 2 EE ()~ t

4.5 REING

AR EFFAE NP IR B HE SR b, K CBAM MR ANFRZEER, HIAK
CBAM-SRZEREER, SR AU T A Rt 4 I P OO P 7 308 T8 A 2% [A) AL 2R AT
Heol, RHOEE S AT R AL, (RIS B ) . G ORI R A
il e BB SR A AT N 25, SR T2 AR RE ) o 2 0 PRI O MR 7 0l
I E M SIS IIE 1 %M 2% BAT AP R MR PERE, 55 Hofh 250 Bk pO xS Hstie R
WY Fhr SR X 2 (R T AT PR AT R, AT — € B SE I E
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BT REERE

5.1 KXLELE

AHE TR L 2 A HIg 5T R B AR “FH ML S, e Mg T4 8 K

bR A e DA K 4 B B K, AR SO BB SU A A S ORI :

(1) 38 BB IR RBT KR SR, A2 ANERE IR T 5 5 8 3. [,
N T E NS FRBUIR, DL EEAG, #0571 A SO F0 AR B e R B K

(2) B, XMHEEREMRE MR EEEATNH, HEEEET
FEVE HATH A =R SRR AT 0 B, LS TR R 2 S T B 4 B AR RO VR A
BEAT ), JEH A X B IR 2 2 A it S 4 B B R Bl FE AT 1 Tl R IR
ANEAE T S5

(3) BFxFalififr s B A, ASCR T HERM A M I R E BRI,
R LS ST AT MR 2, Sl PR £ B U AR AL (S ., el TS 21
AL 4 B . 7 SRR ADG A SEIR IR MR RS A R i R AR T

(4) Jyit—BARTH BB iR, AR A4 BRI A, AR R
TINBERZEMN 2% o AR BB REAT /INB 0 i » RIS 2 R 4 5 RO ARFALE AT 4R B
WA 2 S AT, AR m RN R . f SRR S
SRS TR SRR AT

52 T—ST1ERE

ARSI FIRE 2 0 T R B EORFIR T T AR R, G 7 — 54120
R MR R SRS 8 & AU AT AR R 2, ARSI SiRE ST
JEEA R m, A BRI TAEREE R, FEAFEL T A

(1) AR CA M3 oo, R Mg It T 2 B KA
AT L e it BRI M2 A Bz ALRE 1, T — 2 TARR AL 2 2%
IGiHe, 3 4 B R A s AN

(2) A R B SE h —4E R B, TR AR, =4k
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HHATHI. NP RIBAT RO G =4eV R i T A
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