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Abstract: In addressing the high power consumption of near-eye display devices, this paper introduces a
region gradient dimming algorithm that adapts to the human eye's gaze point, informed by studies on hu-
man visual characteristics. Initially, a central fovea-brightness masking experiment established the Just No-
ticeable Difference (JND) threshold for the human eye. This data refined the traditional geometric optical
path model of the eye gaze point, resulting in a model that aligns more closely with the eye's adaptive char-
acteristics. The method significantly improved the efficiency of viewing angle calculations through a maxi-
mum viewing angle discrimination approach. An enhanced contrast algorithm was then applied during im~-
age preprocessing to improve the display quality while preserving the image's average brightness. Utilizing
the JND threshold and gaze point data, the algorithm applied both regional and global power consumption
limits to the image, reducing power usage while maintaining subjective visual perception. The algorithm
underwent validation on an FPGA hardware platform, demonstrating a reduction in display power con-

sumption for silicon-based Organic Light Emitting Diode (OLED) microdisplays by up to 23.05% on the
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Kodak standard test set. This achievement suggests that the low-power requirements for silicon-based

OLED microdisplays are achievable, offering insights for performance enhancements.
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Fig.1 Test diagram of fovea-brightness masking experi-

ment

F1 PO M-3EERS ISR

Tab.1 Data of fovea-brightness masking characteristic
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Fig. 2 Fovea-luminance masking experiment results
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Fig.3 Algorithm flow and correction factors
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(c) Histogram after grayscale mapping
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Fig.4 Histogram processing
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Fig. 5 Contrast enhancement effect processing
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(a) Model of gaze point adaptive geometric optical path
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Fig. 6 Perspective calculations
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Fig. 7 Regional, global throttling factors, and regional, global power limits processed images
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Tab.3 Some image evaluation indexes after processing by regional dimming algorithm
EME MS-SSIM
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kodim06 32.0113 32.014 2 31.236 3 0.9731 0.974 1 0.9753
kodim09 16.204 8 17.037 1 15.104 5 0.9629 0.9653 0.967 4
Kodim13 51.4614 50.4529 49.1754 0.9539 0.9553 0.956 3
Kodim17 37.7352 34.676 6 32.3822 0. 960 6 0.9659 0.968 4
Kodim20 18.460 0 15.8151 15.6113 0.966 0 0.967 8 0.9651
Kodim24 27.452 8 27.4394 26.967 3 0.9318 0.9397 0.946 2
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Tab.4 Image evaluation indexes after processing by dif-

ferent algorithms
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Tab.5 Parameters of silicon-based OLED microdisplays
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Fig.10 FPGA-based hardware

framework and test platform
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k6 EWAA(250,250) B R BEHH T
Tab.6 Power consumption of each part of system at gaze
point of (250, 250)

IR ERES P, P. P /%

kodimO1 46.62 4.98 31.50 21.75
kodim02 29.35 4.56 18.42 21.70
kodim03 38.12 5.67 26.73 15.01
kodim04 35.45 5.21 23.06 20. 25
kodim05 30.51 5.32 19. 34 19.17
kodim06 60. 44 4.89 44.82 17.75
kodim07 45. 86 5.28 31.07 20.74
kodim08 54.45 4.84 37.68 21.91
kodim09 65.45 5.30 47.31 19.62
Kodim10 59.68 5.32 43.74 17.79
Kodim11 37.43 5.12 24.96 19. 64
Kodim12 88.53 4.34 66. 44 20.05
Kodim13 48.35 4.23 33.72 21.51
Kodim14 41.23 4.89 28.23 19.67
Kodim15 27.75 5.45 17.13 18.63
Kodim16 42.92 4.84 29.25 20.57
Kodim17 34.91 4.67 23.38 19.65
Kodim18 25.55 4.56 15.94 19.77
Kodim19 57.49 4.95 40. 31 21.27
Kodim20 91.58 5.04 68.42 19.79
Kodim21 50. 14 5.12 36. 30 17.39

Kodim22 51.73 4.34 34.96 24.03
Kodim23 53.31 4.85 38.88 17.97
Kodim24 44.15 4.77 31.53 17.78
SEBME 48.38 4.94 33.88 19. 26
P,—P.—P
[/ —— (10)

P,

Hop . P 3RR R MR s hFE , P RR & Bk i1k
b P 5 ER G R T FE , PR R IR i FE , 2ot
7 AR P2 K G B i A SRk R Ak
HJS HEAT R 9 0 R T RE , R 45 A BB B 11 4
SNDIFE . AT, 24 TR B B T RE R N
19.26% . 7 7R A [6) BE LA 00T 1972
R, B 2 B AL AR BRI SR8 sl T RE SRR
B, e T3k 23.05% .
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Tab.7 Energy saving rates at different gaze points

e TR/ %
(50,50) G %k ) 23.05
(150, 150) (H[E] 55) 22.23
(250,250) (Hro A 19. 26
5 % #
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