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Abstract: Holographic display technology can reproduce three-dimensional imaging that encompasses all informa-
tion of an object, providing users with a highly realistic visual experience. It is regarded as the most perfect naked-eye 3D
display technology currently available. The unique immersive 3D experience offered by holographic displays gives holo-
graphic communication has broad application prospects in fields such as healthcare, education, and virtual reality. However,
the large-scale commercial application of holographic communication technology still currently confronts numerous obsta-
cles. Among them, one major issue affecting the quality of holographic communication is the multiple aliasing distortions
caused by compression noise and channel interference during hologram transmission. Existing image distortion correction
techniques mostly focus on single distortion type and struggle to address the problem of mixed holographic distortions in
complex scenarios, severely limiting the effectiveness of holographic technology in the practical applications. To tackle this
issue, this paper proposes a holographic image distortion correction method based on a multi-branch complex-valued convo-
lutional neural network. This method constructs a multi-level parallel multi-branch network architecture to achieve in-depth

extraction and collaborative fusion of multi-scale and multi-dimensional distortion features of holographic images. Simulta-
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neously, a complex-valued adaptive attention mechanism is proposed to enhance the network’s perception and suppression
capabilities for key distortion features such as phase distortion and amplitude attenuation, thereby achieving precise correc-
tion of end-to-end distortions caused during compression and transmission. In the experiments involving mixed-type holo-
graphic distortions including compression and channel noises, compared to the state-of-the-art deep learning distortion cor-
rection method SCUNet (Swin-Conv-UNet), the proposed method achieves an average improvement of over 0.41 dB in
peak signal-to-noise ratio (PSNR) and an average increase of over 0.006 in structural similarity index (SSIM). These experi-

mental results show that the proposed method can effectively suppress the brightness abnormalities caused by amplitude dis-

tortion, correct the phase distortions, and significantly enhance the reconstruction quality of holographic images.
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B T & JPEG R E & HEVC R UL M IR A M 2k
L4 B MR A IE 25 5 BAR A & T e R [R) UL
B (anr g R it i ) B 4 B d MR R Ok USRI
el S I T N ORI A el T
(Multi-Branch-Fused Complex-valued Convolutional Neu-
ral Network, MBF-CCNN) 5 4 #f i £ F Swin-Conv F
SCUNet" ™ [ 7 125 LA S A FH 42 SR U 2200 SRl A )
28 (Multi-Branch-Fused Convolutional Neural Network,
MBF-CNN) #4751 %} Ht . MBF-CNN 1 FH 52 %505 143 51
PAOh X 4 8 PRGBSI R S S A T O LR IE
SCUNet 7F P 2% 25/ 15 1 kA Transformer 2k, 3455
TR AR R AR e )

F2RFR I M SLIRLE RE] X HEgE SR A
Je B 5e  ASCH Y MBF-CONN f9 1 BETE T A )5 s
o iR 4 T4 ST H T . 7E MIT-CGH £ 4 48 I, MBF-
CCNN {4 PSNR $ b7 A1l SSIM #8740 & T SCUNet 43 51 °F
KT T 0.41 dB F110.007 ; 75 MPEG L= =08 54 4
|-, MBF-CCNN ) PSNR & #7 Fll SSIM 48 #75 #H Lt T~ SCU-
Net 43 5 °F- 232 7+ 7 0.46 dB F1 0.006. X 7643 WE B T
MBF-CCNN 1 %) £ 45 k) 76 b B 22 F 25 IR T e At (1)
H M . MBF-CCNN [ 22 43 SCRRAE Gl A 25 40 8 13 I 717
AL AN R RUBE A RRAE L, 20 e B2 RIS 0% Jy 3 40775
A JRYBERE AT RARTE T 48 R AN [) 28 80 4% B0 (i 4 £

K1 FXFREKERLE

KB Eie REFE R it K P 5 )

JPEG JE45 QF=75.85 r A AR R A, B B HOUN SR BLE  GARR AR AR
HEVC JE43 QP=26,28 PP AR T AT e 1 2 LR T2 B SRR B S5 AR
AWGN M 0=1535 Hh A B SR R USSR . AN . B
eSS LT EAS IR R MEL A IR W55 R A ) e 52 Fi i PRt 0
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R AR T4 B35 NP . X A5 MBF-CCNN 7 [ X &2
ZIIR A R B i BRAE U R 4543 S R 3 B0
HFAS [ 2k B EA TR IE. . SEIG45 5 s, 16 i e
5% 50T, MBF-CCNN f PSNR A1 SSIM #f Lt T SCU-

Net 42 FHR I 5K . 3 3 B S B0 T8 T3 L A 22 3 S 14
25 Rl AL BE AT S8 o R 25 0 TR AR i T ISR 2
Mol R FL R SEAERE 7, SRS v K 2 1 45 A v B0 2401 A
FRLAR R, DT I8 2 B g Jot e ) 2k OB IE AR

®2 MIT-CCHERE R ARFIENTHERFRIEEHEMRMBENESE R A dB
(a) B J7 A MIT-CCH B AR A JPEG 2 1.5 i3 07 11 W57 00 04 115 Tt EL 45 21
olQF 15/7G 35106 J/75 Fc/85 15/75 15/85 35/75 35/85 SR T
AWGN 24.83 22.24 — —
21.31 22.85 19.31 20.97 —
JPEG — — 22.12 23.74
MBF-CNN 27.31 25.16 25.09 27.17 24.41 25.57 23.15 2473 3.15
SCUNet 30.04 28.83 28.24 29.54 27.01 28.24 26.21 27.29 6.00
MBF-CCNN 30.42 29.05 28.71 30.03 27.39 28.63 26.54 27.61 6.38
(b) #T7EEAE MIT-CGH R4 IR A HEV C 45 B0 5 10 1 M o MG {1475 1t L 45 2
alQF 15/76 35/% TJ6/26 628 15/26 15/28 35/26 35/28 T
AWGN 24.83 2224 — —
22.14 21.53 21.47 20.38 —
HEVC — — 26.24 24.39
MBF-CNN 27.31 25.16 29.47 27.40 25.63 27.93 26.59 25.78 4.00
SCUNet 30.04 28.83 31.72 29.48 27.76 29.79 28.93 28.56 6.48
MBF-CCNN 30.42 29.05 3221 30.29 28.11 30.09 29.56 28.80 6.92
(¢) #5774 MIT-CGH B 4200 A JPEG 4% B{55755 r (1 Mt 357 A S5 M AR DL I 45
olQF 15/7G 35106 Jir75 Ji/85 15/75 15/85 35/75 35/85 TR
AWGN 0.8213 0.7519 — —
0.765 1 0.7837 0.6910 0.7139 —
JPEG — — 0.7932 0.8137
MBF-CNN 0.8527 0.7815 0.8113 0.8325 0.7825 0.794 1 0.7114 0.7218 0.0192
SCUNet 0.8713 0.799 4 0.828 1 0.8453 0.7879 0.8033 0.716 7 0.726 5 0.0306
MBF-CCNN 0.879 1 0.809 6 0.8377 0.8521 0.7918 0.809 4 0.720 1 0.7326 0.0373
(d) #J7 4 MIT-CCHBIR A TR A HEVC 2 45 w07 1 e B 28 A (0 P 2%
alQP 15/7 35106 Ji/26 Je28 15/26 15/28 3526 35/28 ST
AWGN 0.8213 0.7519 — —
Ve — — R e 0.790 8 0.778 1 0.753 1 0.7323 —
MBF-CNN 0.8527 0.7815 0.8829 0.8615 0.8102 0.796 7 0.763 3 0.746 5 0.0192
SCUNet 0.8713 0.799 4 0.899 3 0.8857 0.8285 0.8104 0.766 9 0.7489 0.0335
MBF-CCNN 0.879 1 0.809 6 0.903 1 0.8919 0.8357 0.8190 0.770 4 0.7518 0.0398

TE 0 QF FI QP 43 3 3705 55 0 11 W2 75 B0y 5 B8 CGBRA IR 74 B8 ) PG 149 1 45 2 UM G/ N PR 40 2 B8R ) I HEV C B T 45 2 B0 GBUOR TR 406 2%

IR,

A 8 S AU ) % o O B A 8 R R A S AR A
PR W P S BGE T8 2 A B FERRAE R AL RS, ) TR G
(B {5 JEL 28 AN F2 0 BB 2 AR ) A9 0, el B R 4 i
R 308 17T 220 A S 3 T A OGS L, T U R
S ASSCHRE 049 1 N 28 A 52 503k P S 390 v 281 i Ak
P, RIRER B W (W) PG . 785 MBEF-CNN (1) %)
Fesegh b SR IEIH T X — a5 . M S AR 4 B
K4, MBF-CCNN FEAE 52 B0t 2 1AL, B 6% B0
VR IR 52 4 4% b O LR IR 1Y) IR 45 0 N 03 4
. EART S, 7E MIT-CGH %4 4 I+, MBF-CCNN %)
PSNR #f tb F MBF-CNN - #1487} T 3.08 dB, SSIM -

T T 0.02; 78 MPEG UL = =X 045 54 4% 45 1, MBF-
CCNN 1y PSNR A . T° MBF-CNN “F- 2142 7} T 3.46 dB,
SSIM ¥ T T 0.014. X —&5 - F 8] , MBF-CCNN #H
T MBF-CNN JEILH T B0 x84 TR E
TIWLH . B ECE B IS T 2 EBCE B AR AR 6% A
T 0 1 A3 BEAS [) X A A EE R I R R T A2 K L T
J 1 PG DX, 1T 52 506 PG o 5 ) A SR R RS
HEE R S AL B B0 T A BEMR X
A A 7 5 B T S AR 1 B R Sy S
Ty —J7 ], YA IE 7 R B IR B (R TR R 2 )
Fk A — B R AR TR AR R R
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R3 MPEGERE FRERERTFHIEESREEMBONELER iz dB
(a) 4577 AE MPEG B SR 4 JPEG 2% B 5 10 107 11148 35 (1 U {1 {7168 LU 45 22
alQF 15/ 35175 J/15 JC/85 15/75 15/85 35/75 35/85 SR T
AWGN 29.31 26.44 — —
IPEG — — 2183 2679 21.31 23.24 19.31 20.97 —
MBF-CNN 34.27 30.54 28.40 31.36 25.29 26.98 23.15 24.73 4.07
SCUNet 34.85 31.73 32.02 33.86 28.87 30.91 26.94 28.19 6.90
MBF-CCNN 35.14 32.35 32.69 34.51 29.40 31.52 27.39 28.68 7.44
(b) 2% J7 IE1E MPEG BUR IR & HEV C 2% FUS 2 7 M v D (L 5 e LL 2R
a/QP 15/% 35/ /26 /28 15126 15128 35/26 3528 | TS
AWGN 29.31 26.44 — —
HEVC — — .14 2826 27.23 26.49 24.21 23.39 —
MBF-CNN 34.27 30.54 31.59 30.38 28.88 27.93 26.59 25.78 2.69
SCUNet 34.85 31.73 34.83 33.89 33.75 32.79 31.32 30.64 6.17
MBF-CCNN 35.14 32.35 35.06 34.19 34.01 33.26 31.76 30.97 6.54
() 2575 7E MPEG BRI JPEG IS 7 R (R S5 R AT (DL 4528
alQF 15/ 35/ J15 /85 15/75 15/85 35075 3585 | TS
AWGN 0.8524 | 07883 — —
IPEG — 08142 08329 0.7847 0.8057 0.7253 0.736 8 —
MBF-CNN 09006 | 08352 | 08641 08802 | 08013 | 08127 | 07361 07448 | 00293
SCUNet 0.907 4 0.838 1 0.886 8 0.894 3 0.8101 0.8225 0.7351 0.7497 0.0379
MBF-CCNN 09119 0.8437 0.8971 0.9016 0.8151 0.829 1 0.7433 0.7552 0.044 6
(d) % )i 1AL MPEG BR SRR & HEVC G B w07 111 W 3 i 45 R AR oL 45 51
a/QP 15/ 35/7G Jo26 Jo/28 15/26 15/28 35/26 35/28 ST
AWGN 0.8524 0.788 3 — —
- - — csers | oms | 08238 | osisi 07638 | 07483 —
MBF-CNN 0.900 6 0.8352 0.9053 0.8814 0.8402 0.8347 0.774 3 0.7573 0.0275
SCUNet 0.907 4 0.8381 09114 0.8936 0.8476 0.8427 0.778 2 0.7610 0.0338
MBF-CCNN 09119 0.8437 09143 0.9059 0.8557 0.8490 0.7812 0.764 6 0.0396

E o QF FI QP 43 il 3R 7 85 07 11 W 57 114 500 22 GBI v R ) LJPEG (Y S 47 2 850 (B (/N R 47 B 822 ) A HEV C Y R4 285 {E GBOR TR 45 B

S ).
B2 TUIRBIE S T = NAME W B X R 2k
Y, 26 2 RNER 3 R A AN [ B a2 i 45 SR R, Y T
1T DAAR G b3 e AS [R) 2 20 14 42 B 3 5, 7R A IR
0.05~2 m, AR I3 [ =m0, 7 ]9 FBL N T AR i1

HrIEMERE .
54 T AR J7 5% Big Buck Bunny 4 8 K14
IR FUFIE S 09 WX 455 . HEVC SR A e i (vt
PAY TIN5 2 46 44 B A, A PR A A () 400 0 S ) i 32
T BAEG JPEG SE S 7 S B R4 e . SR A
HEVC7EGa i85 b BA W pr s, ol iy 4 2 R1E
SRR AT WSRO0 S A E . @it 18 5(d)
FEL 5 (e) AR & AT LA 31 530 He 4 4 5L TR 52
PRI R 79 2 1 R R LA DG, AT 5 SORH A5 P 4% ™

R L, 15 4 5 I8 B T A . SCUNet 3 2
HRR Y Swin-Conv HBEAS A A Hb Al #1242 2 UG K 5L
R4 5 MG SR AR B 4 M HEA TR AR (H R T E
A AN 4 2 AR SIS R R 35 22 ] ) A DG, X e 2%
WL ) 4R T R4 8 2% R TE SRR AN L i AR SCHR S
MBF-CCNN [ 48 5 F 22 43 SCRAAE Rl A 28 4, 38 2o 1% 11
LT R BCE B, R IERS HER 2Kk & B BG5S
it Pl EINOF i S N AT Y N RS E & N E PN
ECRE 5L SR Sl A AMEBLE B GE T
AR e A ] R, 7 4 B MG T s Wk &2 i R B T AR
R PEREE A . AR5 AT LUF Y, MBF-CCNN 7£ 32 X5
TN 75 T AR SR 40 55 T SCUNet, 3% — S A8 i 30 3E T
53 2 (MBI 25 R —Zohk
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(a) HEWTS JRy R IS 42 SR B FAR 7 141152

(b) PRWE I FU TR 45 SRR R s el

(c) FRIFJS ELIFF IE 45 R R ]
AR (D)~ (o) B —47 Fh N ZE B A7 42 BUEHR A 6 B R 75 JPEG 2k B . HEVC 2k | JPEG 5 AWGNIRA KR EMHEVC 5 AWGN &
KA EETF 3T BFERKALLIES . 258 MBF-CCNN [ 4495 1 142 B B L K 2808 SCUNet R4 555 1E 1 4 LI .
5 Big Buck Bunny 4> B EH& Y 26 B IE E W50 4 HL
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d) FARLR B IE SRR I R R 4]

e) MBI B LSS SR iR AR 4]

22 5
4.3 HEXR F4 OHMIRER
A SCIRES X MBF-CCNN H 14 2293 37 25 ¥ AL 2 800 o BT IE [ 4% PSNR/dB SSIM

BHURIEAT TR S, i g R sk 4 s . 7E4t MBF-CCNN(TE 1 1) 26.82 08114
X 2253 S AE R T Al S B0 , S BR W 1S, PSNR (9 MBF-CCNN(E T 2) 27.29 0.8139
{45 5 M 30.79 dB & % 26.82 dB, SSIM 1 11 45 5 M MBF-CCNN(JG ¥ ¥ 3) 26.73 0.8093
0.827 2F%5 0.811 45 F2 5 T100 2 J55 , PSNR B M4 {F 245 S e MBF-CCNNCEZBIERIHH) | 2845 08152
% 27.29 dB, SSIM A M {H 45 B B% %2 0.813 9; LR T M 3 MBF-CCNN 30.79 0.8272
J  PSNR FI P45 IR %5 26,73 dB, SSIM UL I 5 £Eip

50,800 3. XU T 4 T IR RPRLRIPE R A4 1E 11 ST o e "
A A S SBEREAS R kU
ZIRTRI20 PSNRFISSIM FREAR TR (PSNR i gy s it 42 B PR SR SRR IE 0 . 007
3.5 dB.SSIM FRFO.0133) SO TR 2L g 1 s et e 00 2 0 P (9 AR R
TARGLAF R B I, AR 7 A5 B 2 X B 5 WA 1Y 42 I AL Rt e S a2 Eae
FBRIE R MI LRI LB TIITRS gy a0 g g g o 75 RS 5 £ 8L 500 S A0 )

fif, I LR 3 5350000 4 L EHR R IR (5 B AL i) R R He 5 B [ 136 2 S 1 5 e
R BT ILAL SRR B R A 122 BEREBEE e i 5 3% L AT ST TR G5k LA 28R 5%

JICEE DGR AR 5 TR LM B AR I 0 T A A R AR 4
TR AU T Al S, DB B0 B I PLE ) MBF-
CCNN [ PSNR F1 SSIM {1 2 (B 45 5 43 %1k 28.45 dB Fll
0.815 2, 57 & #0422 ALl ) MBF- CCNME It ,PSNR
FSSIM 73 5 R R T 2.34 dB F10.012. %X XKW EH0E =
JIWLHIAR LT 528508 U B Re i i 2 4 B KR =
BRI (4 2 FCHR 43, DT B G b R4 72K LT IF .

IS4k W, W JPEG 5{ HEVC JE45 L) X A% AWGN M
A 4 Bk BER, Sl A SO Y MBF-
CCNN 25 30472 BUSR IE I , 70 (R {5 e L A L LU 87
WEHT 2 B4 71 6.38 dB L) b, 45 M AR AL PEHE AR 43 1)
$ET10.037 LA b5 AR AL T304 Se it i TR B 2% 2 Ok B
1E J5 ¥ SCUNet, A% 3C 7 v 78 W A {5 W8 L 48 Ar b 42 7t
0.41 dB DA I+, 5 F9 ML 8 BR 4 T 0.006 DL I, i 35 0k
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T 4 MG R AT, A SE > TR B R B A
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S AR ARG A AN T4 B HR T 7R
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X2 3 A bkt R A AR R P s A 1 O ke S e
RRAE DL AR 8 I 45 3003 7RO TIE 42 80T A 14 [) e o
M IS FLSE R 5
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