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Table 1 Performance parameters of VR glasses based on

OLED-on-silicon micro-display
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Table 2 Stimulus attributes for luminance masking and contrast masking experiments
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Fig. 7 Subjective experimental results for luminance masking experiment. (a) Relationship between JND and eccentricity;

(b) relationship between JND and luminance; (¢) JND value distribution in foveated range
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Table 3 Comparison of MOSs of JND models under same PSNR

MOS
Image PSNR /dB
Model in Ref. [12] Model in Ref. [11] Our model

Rapids 58.44 4.2 4.8 4.9
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Coinsinfountain 57.03 4.2 4.8 4.9
Dancers 55.11 4.4 5.0 5.0
House 59.12 4.3 4.9 4.9
Lighthouse 56.12 4.2 4.8 5.0
Average 57.107 4.24 4.82 4.91
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Fig. 9 Noise injection distribution of three kinds of JND models. (a) Original image; (b) model in Ref. [12]; (c) model in Ref. [11];
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Fig. 11 Hardware system. (a) Overall framework; (b) picture of hardware test platform
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Table 4 Comparison of low 4-bit-plane compression ratio of

Lena before and after algorithm processing unit: %
Bit-plane BIT1 BIT2 BIT3 BIT4
Origin CR 124.09 123.99 123.46 114.91
Processed CR 25.00 19.26 55.37 74.23

h Xof s 446 PG e AN TR 4 R AT 0, K %5
P 5 SCHRL 1] R A 3 T FD-IND B8 1) 2 & & Fy

1909002-8



% 50% 5 19 #1/2023 £ 10 B/ Ei#

S

JE4R A B AT X He o SR PSNR | s (U106 {5 15 12 L
(FPSNR) il 25 ¥4 A L P (SSIM) = A4~ % i 2 37 4y
SRCEAT R o B AR A T 400 B o A R
X G B e DXl R i 2 X8 A S 3 5 PSNR
FPSNR il SSIM ., FPSNR ¥ PSNR 5 #il i )& pR %5 2%
G, SR PEAS rhcs T4 RS B R B & . SSIM AT LA X
JE 45 1 i AR AE 52 BE % B A K 45 4 D a2E 45 AH R

@

(®)

PEVEAR , R 46 J5 B2 5 DR EA PR e,
A1,

B s Rk 13 . SEKEAM, B F
AL YR AR IR AR A v T X3 el A D ] A
T 4T AT B T N HIR A A AU A 0 5 DX Y A
B R B SCERL LT ]2 3 f 50k & 58 7 IND [ {5 3 [
NI RGB 4 & (1 A, BSRR B .

P13 TR T 4 0RO BE B HE R AR R P o () JRUAE T4 5 (b) TR 1T TAEAY 5 (o) AR SCHE A

Fig. 13 Compression effect comparison of images and partially enlarged view. (a) Original image; (b) model in Ref. [11]; (¢) our model

325 0B 0 AR R 456 )5 45 TP A 48 b AR 46 R 1
PGB o AN ST LR L R ol b AR 1
¥R TR 46 5 1 1% PSNR K SR RE A 75 76 59 dB % 47 .
SCHRL 1T 0 3035 76 37 Hh o0 b B PSNIR 7 244 AT
VIIK 3 77.427 dB, 3X 38 WIAS SCHE 1 19 B39 vT DUAE A 5%
i A HIR R 52 3 0L JER 37 1 i R L 5 R I 2 i B T
A MG HEAT R RE B 0 R 40 . TR Lk 4k IX 88, R
P ) PSNR ¥ A T B, SCRRL 1L SR A 3B T B
BRI A S ek A HIR LI R A R AR SCHR
{1 % 2 78 FPSNR 1 SSIM J5 1 (9 F 2 {8 34 7 F 3
AR B A (25 5, R A ZE VR B & b R i MR &
A SR TR 4R 5 TR %W )2 T G 5 B T SCER 11 A

YR E5 0 o 7E R 40 2R 07 T, AR SCHR HR 19 53006 X B8O
Y9 45 R BE A B 39.573 %, R AR BE I /NF SCk [ 11]
19 67.077 %0 , 7% W4 M 0% 550 3 7 e 4 1k e 46 A i A
FOCHR[ 11 R

Bt ot A6 - T AR 4, 2 UK A HEAT T R I F
IE B T — 3 T - A2 Sh A T R R 4 & .
2 6 5 T UGB R 45 i i IEAN 8 A R 4 R X
Fbab 5. 4 6 01 DL A SCH 1 T 40 550k 1
PSNR.SSIM Fl 45 2 5 W ¥ 00 T 3Cek [ 20 ] 889k, &
W4 A% B33k R 6% 7 N 2 e B 98 J% 32 O R IE TR
J R A LT 6 G R AT B R B 1 e 4

1909002-9



2 50% 5 19 #1/2023 £ 10 B/ E# ¢

5 ANIE R GE TR O AR 45 5 1945 ST 48 4n F1 R 4 3 LR

Table 5 Comparison of evaluation indexes and compression ratio of different compression algorithms for color image compression

PSNR (e,=0°) /dB  PSNR (e,=60°) /dB FPSNR /dB SSIM CR/%

Image Ref. [11] Ours Flelf} Ours Flelf} Ours Flelf} Ours FlelfJ Ours
Bikes 76.06 56.35 47.84 53.72 43.56 43.57 0.95 0.99 70.16 46.18
Buildings 84.44 62.48 47.38 58.55 42.99 45.01 0.96 0.99 66.52 51.60
Caps — 55.77 47.26 51.65 43.18 43.75 0.91 0.98 68.84 31.61
Carnivaldolls 70.01 65.42 47.05 54.39 40.50 47.34 0.87 0.99 62.44 37.08
Coinsinfountain 86.72 56.50 48.08 55.05 42.24 43.65 0.95 0.99 64.42 41.64
House — 64.17 47.93 56.16 43.08 47.66 0.93 0.99 67.80 36.31
Lighthouse 77.00 63.30 48.67 56.63 44.41 43.78 0.94 0.99 70.78 38.90
Monarch 66.94 59.59 50.26 56.40 42.61 45.13 0.90 0.98 67.67 35.68
Ocean — 56.45 46.73 54.91 42.49 43.81 0.91 0.98 68.86 35.44
Parrots — 56.06 47.78 54.52 42.88 43.34 0.89 0.98 67.29 38.08
Plane 65.47 64.51 47.89 50.96 42.76 46.49 0.92 0.99 60.63 29.68
Rapids 86.47 56.57 46.84 53.99 43.01 43.92 0.91 0.99 69.58 36.05
Sailing4 74.96 56.56 48.37 56.28 43.33 43.57 0.92 0.99 69.14 37.15
Stream — 56.45 47.93 54.70 43.48 43.89 0.97 0.99 68.23 48.47
Studentsculpture 86.20 62.55 47.77 56.52 42.13 47.04 0.97 0.99 63.80 49.73
Average 77.427 59.515 47.852 54.962 42.483 44.797 0.927 0.99 67.077 39.573

F 6 AV TG B T 48 An AT 4 R LR B % X W

Table 6 Evaluation index and compression ratio comparison of [1] Ai T Y. Metaverse theory[J]. SSRN Electronic Journal, 2021:

bit-plane compression algorithms

Algorithm PSNR /dB SSIM CR /%
Ref. [20] 37.66 0.97 72.22
Ours 55.63 0.99 39.57
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Abstract

Objective Micro-display is an important interface connecting the real world and the metaverse world. Compared with other types of
micro-displays, organic light emitting diode (OLED) on silicon micro-displays have the advantages of high resolution, high
integration, low power consumption, small size, and light weight, and they have become the preferred choice of near-eye display
devices. Compared with traditional OLEDs-on-silicon driven by analog signal, OLED-on-silicon micro-display driven by digital signal
has obvious advantages in ultra-high-definition display. Driven by users’ demand for immersive experience of virtual reality (VR) and
other near-eye display devices, near-eye displays are developing towards high resolution and high frame rate. However, this brings
the problem of excessive video data transmission to the micro-display system. In order to give users a higher definition and smoother
near-eye display experience, it is urgent to propose an image compression algorithm for micro-displays to solve the problem of

excessive video data transmission.

Methods Since the lower 4 bit-planes of the 19-bit-plane image reflect the details of the image and are difficult to compress, just-
noticeable difference (JND) theory is introduced. In recent years, scientific research has shown that the distribution of visual acuity is
asymmetric in the whole fovea range, and the human visual system has horizontal-vertical anisotropy (HVA) and vertical-meridian
asymmetry (VMA). To make the JND model more consistent with the characteristics of human vision, this paper carries out
psychological experiments on the luminance, contrast and foveated masking characteristics of human vision, and constructs an
asymmetric elliptical foveated JND (AE-FJND) model based on the experimental results. Combined with the JND model, a
corresponding bit-plane image compression algorithm is proposed. The data of the lower 4 bit-planes are processed within the JND
threshold range, and then all-bit-plane images are compressed. The algorithm can compress the image without affecting the subjective
perception of the human eyes. The algorithm is compared with the previously proposed compression algorithms in the following
aspects: the subjective feeling of the compressed image is evaluated by the definition of the enlarged image in the center of the image,
the quality of the compressed image is assessed by peak signal-to-noise ratio (PSNR), fovea PSNR (FPSNR), structural similarity

(SSIM) and other evaluation indicators, and the compression performance of the algorithm is rated by compression rate.

Results and Discussions The accuracy of the proposed AE-FIND model is verified by experiments. Subjective experiments
showed that compared with the other two types of IND models, the AE-FIND model got a higher subjective score. For the same
subjective score, the AE-FIND model can calculate more visual redundancy (Table 3). Objective experiments showed that the AE-

FIND model had less noise distribution in the foveated area, and the amount of noise injected into the upper part of the image was
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greater than that in the lower part, which is consistent with the visual characteristics of human HVA and VMA (Fig. 9). It can be seen
from the enlarged image of the center area after noise pollution that the AE-FIND model has a high definition of the center area after
noise pollution, and the result is similar to the original picture (Fig. 10). In addition, the compression effect of the proposed image
compression algorithm is verified. This algorithm can solve the problem that the lower 4 bit-planes cannot be compressed (Fig. 12 and
Table 4). The image compressed by this algorithm can maintain the same definition as the original image at the center of the image
(Fig. 13). Compared with a comparable compression algorithm, this algorithm can calculate more visual redundancy without affecting
the subjective perception of vision, and the compressed image quality is better. In addition, the compression rate is lower than that of
the comparable algorithm, which can reach 39.573% , indicating that the compression performance is better (Table 5). Compared with
another compression algorithm, the proposed algorithm has higher PSNR and SSIM, and lower compression rate, which shows that
this algorithm can not only ensure image quality, but also compress the image to a greater extent (Table 6).

Conclusions In order to solve the problem of excessive video data transmission in high resolution and high frame rate micro-
displays, this paper proposes an algorithm to compress the video data by bit-plane according to the scanning mode of digitally driven
OLED-on-silicon micro-displays. Since the lower 4 bit-planes of the 19-bit-plane image reflect more details of the image and are
difficult to be further compressed, the JND theory is introduced, and the two visual characteristics of the human eye, namely, HVA
and VMA, are considered. An AE-FIJND model is proposed, which is more consistent with the visual redundancy characteristics of
the human eyes. Based on this model, a corresponding bit-plane image compression algorithm is proposed, which performs JND
processing on the data of the lower 4 bit-planes, and then performs white-black-block-skip (WBBS) coding compression on different
bit-planes respectively. According to the compression algorithm, the corresponding OLED-on-silicon micro-display controller is
designed, and the OLED-on-silicon micro-display is successfully driven on the field programmable gate array (FPGA) platform. The
bit-plane image compression algorithm based on this model can compress the image to a large extent without affecting the subjective
feeling of the human eye. The average image compression rate can reach 39.573% , providing a relatively preferred solution to the

problem of excessive data transmission faced by VR devices in the metaverse world.

Key words optical devices; vision optics; micro-display; human visual characteristics; asymmetric foveated JND; data transmission
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