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Foveated JND Model Based on Stereo Vision and Its Application in
Image Compression with Hardware Implementation
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Abstract The traditional two-dimensional JND (Just Noticeable Difference) model can only estimate the minimum
noticeable difference of the planar image, and is not completely suitable for the large field of view image under
virtual stereo vision. First, according to the visual characteristics of the human eye, corresponding binocular
observation experiments are designed for the four masking characteristics of brightness, contrast, fovea and stereo
depth, and the mathematical model of JND is established through experimental data, and compared with other
current JND models. The results show that this model can remove more visual redundancy under the same
perceptual quality. Then the visual perception redundancy model is applied to image compression. For this purpose,
a multi-level compression algorithm is proposed. The algorithm performs different levels of color level quantization
on different regions of the image according to the human eye color difference threshold. The quantization process
which combines the Floyd-Steinberg error dithering algorithm can remove visual redundant data. Finally, the
algorithm verification is completed on the FPGA (Field-Programmable Gate Array) hardware platform. The results
show that the average bit compression rate of the algorithm can reach 61.65%, which can effectively reduce the
amount of transmission data required for VR (Virtual Reality) images.
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Fig. 1 Test image of luminance masking characteristic

experiment
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Table 1 Specific values of luminance masking characteristic and contrast masking characteristic experiments

Attribute

Luminance masking

Contrast masking

Background luminance
Contrast luminance 0
Eccentricity /(%)
Depth
Disparity /pixel

0,10,20,60,100,140,180,200,220,230,240

1,2,3,5,10,15,20,25,30,35,40,45,50
0.2,0.4,0.6,0.8,1.0
600,300,200,150,120

100,140,180,220
20,40,60,80
1,2,3,5,10,15,20,25,30,35,40,45,50
0.2,0.4,0.6,0.8,1.0
600,300,200,150,120
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experiment

T P S, MR 5 TR LY X R T S X
T I MR R R T b R R R AL SRR
BN R 4 L R 4 4RO AL
13 21, IREE N 5 A, HAREE nk 1 Fow.,

3 FD-JND #5581 g 7 K dfr

3.1 ZEEREEER

TEGLE R A 4 FroR . YERER 1.0 RO
h20° B, IND 5 45 & 528 B Z B OC & i &
Bl 4 fiin . M 4Ca) o LA B 76T 5 50 B G
DX 38l R R XA b TND (B 388K, o i) X8R /)N, 3 5
2D R I 45 SR AR — 3, MU 1o A
T AL 140 B IND 5O £ 2 8] 1Y 5 5 i 28
WE 4 frzs. WK 4(b) A LLFE 3], JND 76 1 f8
5T AR EE RS 22 5 TR IR N . 7E 15°~25°
ZI A, 407 Z G P R 2RI K. S R
140 O SR 20°8F, JND 5 %R BE Z [0 1Y 5¢ &
ML WE 4o fin. IWE 4R LUE E]LJND IR

1210001-3



HRiIEX

F 415 F11H8/2021 F£6 B/ ¥R

11 ()

JND
O = D0 WO U1 -3 00 ©

50 100 150 200 250
Background luminance

=]

P4 S5 B RRR TR I SR 2 R

0 10 20 30 40 50
Eccentricity /(°)

() IND 5ZEMKER; (D) IND 5WOAMELTR; (o) INDEREM LR (DEJI=1.0

BRSO  IND 5558 BE il O A1 YOG 55 (o) TR e =20 BYNEOLF  IND A5 58 B FNA BE A5G 38 5 () 528 8 8 i A 1 S 6 #Y)

4D &%

Fig. 4 Experimental results of luminance masking characteristic experiment. (a) Relationship between JND and luminance;

(b) relationship between JND and eccentricity angle; (c) relationship between JND and depth; (d) relationship

among JND, luminance, and eccentricity angle at d =1.0; (e) relationship among JND, luminance, and depth at

e=20; (f) 4D image of luminance masking characteristic experiment
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Fig. 5 Experimental results of contrast masking characteristic experiment. (a) Relationship between JND and contrast;

(b) relationship among JND, luminance, and contrast
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Table 2 Comparison of average subjective scores of

different models
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Image PSNR /dB Ref. [4] Ref. [3] Proposed
model
Gate 32.01 4. 20 3.50 4. 80
Woman 32.33 4. 30 3.50 4. 90
Column 30. 89 4. 20 3. 40 4.70
Hall 30.72 4. 30 3.50 4.90
Lab 30.71 4. 00 3. 30 4. 60
Repair 32.48 4. 30 3. 40 4. 80
Report 30. 24 4. 20 3. 30 4. 80
Soccer 31.22 4. 40 3. 60 5. 00
Branch 31.42 4. 30 3.40 4.90
Umbrella 32.03 4.20 3.40 4. 80
Average 31.41 4.24 3.43 4. 82
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Fig. 6 Noise injection distributions of different JND models. (a) Original image; (b) proposed model; (c¢) Ref. [4]; (d) Ref. [3]
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Fig. 7 Enlarged view of central area of picture after pollution by different JND models. (a) Original image;
(b) proposed model; (c¢) Ref. [4]; (d) Ref. [3]
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Table 4 Evaluation index and bit rate of color image compression
PSNR /dB FPSNR / Bit
Image - - - - SSIM
e is 0°=5° e is 5°=10° e is 10°~15° e is 15°=30° e=>30° dB rate /%
Art 70.5936 58.9329 57.1360 52.1277 33.2020 40. 4823 0. 8675 61.59
Book 55. 2470 51.6498 52.2067 49.4993 32.8974 39. 8006 0. 8686 57.15
Computer 65. 8224 54. 3767 53.7429 52.6272 33.1890 40. 4265 0. 8783 60. 84
Doll 66.6142 54.6717 55.0177 51.9896 33. 3387 40. 6038 0. 8799 61.53
Drumstick 62.9970 57.3913 56. 8413 53.1031 33.7317 41.0152 0. 8980 62.02
Dwarves 77.8636 62. 7846 62.1044 53. 2000 33. 5468 40. 9747 0. 8669 63.92
Laundry 65.5591 53.5276 54. 2809 52.7823 33.7454 41.0754 0. 8861 62.26
Moebius 73.0924 66. 3706 60. 1905 53. 2447 33.3951 40. 6560 0. 8637 61.78
Reindeer 64.3097 56. 8130 58.1696 52. 8886 33.3697 40. 8316 0. 8606 63.74
Average 66. 8999 57.3909 56.6322 52.3847 33.3795 40.6518 0. 8744 61.65
T4 B s = v a

AR AR AT e AT AR B I IND R 47 [1] ChouC H, Li Y C. A perceptually tuned subband

WEFEHFBETT 4 ol 48 T 4 1 52 36 Ok 23 M7 S () 4 e
FRPEXT IND 520 £ 57 FD-JND #5284 5F 5 53 48 P
FfreC M1 IND BB FEAT X L, 45 2R R WA T B

image coder based on the measure of just-noticeable-
distortion profile[J]. IEEE Transactions on Circuits

and Systems for Video Technology, 1995, 5(6):

467-476.
G R P o f R ST AR R N T PR [2] Chen Z Z, Guillemot C. Perceptually-friendly
FHRZBREAZ A B, b —F FD- H.264/AVC video coding based on foveated just-
IND AR EZN N EZEON E4:8 8, 7 4F noticeable-distortion model [J]. IEEE Transactions
FPGA ¥4 b2z B e nikit S0iE, 54 on Circuits and Systems for Video Technology, 2010,
. e e et S b o e 20(6): 806-819.
F W AEORUE R 5T B 8 19 [ IS I BE S AR (5] Wang H K. Yo L. Wang S W, et al. A novel

e JE M AR VR T 589 B0 o, DAyl s 3 T R 2 7
A T M 19 1 i 530 o R [ 4R 1 — b L ) i
AP S

1210001-9

foveated-JND profile based on an adaptive foveated
[C] / 2018 IEEE Visual

Communications and Image Processing ( VCIP ),

weighting  model



(4]

(5]

(6]

[7]

(8]

(9]

FRILL
December 9-12, 2018,
New York: IEEE Press, 2018: 18620452.
Liu D, Wang Y B, Chen Z Z. Joint foveation-depth

just-noticeable-difference model

Taichung, Taiwan, China.

for virtual reality
environment [ J ]. Journal of Visual Communication
and Image Representation, 2018, 56: 73-82.

Fan Y, Larabi M C, Cheikh F A,
noticeable model for
distorted stereoscopic images [C] // ICASSP 2019 -
2019 IEEE International Conference on Acoustics,
Speech and Signal Processing (ICASSP), May 12-17,
2019, Brighton, UK. New York: IEEE Press,
2019: 2277-2281.

Shi X W, Yuan H, Li M X, et al. Current status

et al. Just

difference asymmetrically

and progress of virtual reality technology in medical
field[J]. Laser & Optoelectronics Progress, 2020,
57(1): 010006.

AT, SUE, BEE, 5. B I E AR RS M
B pE g AR S BE R (1], WOt 5Ot H 7o R,
2020, 57(1): 010006.

Fan L 'Y, Ma J Y, Zhang K F, et al. The
development status and prospect of virtual reality
industry [J]. &.  Technology
Review, 2019, 37(5): 81-88.

JURIE, BN, Kk, & RO SR 1 7l i
RIELT]. BHE S, 2019, 37(5): 81-88.

JiY, Yu Y S, Gao Q, et al. System of OLED-on-
silicon micro display based on visual perception of
human eye[]J]. Acta Photonica Sinica, 2019, 48(4):
0411001.

Z, R, WK, F ST AR GE b Y i Ak
OLED it n 4 RG] . JGF 224, 2019, 48(4):
0411001.

Ji'Y, Gao Q, Yu Y S,
microdisplay controller based on multi-scale pyramid
[J]. Acta Optica Sinica, 2019, 39(12): 1223001.
FEW, W, REHK, FOETEZRESFH MR
OLED st de [J]. e, 2019, 39(12):

hardware Science

et al. OLED-on-silicon

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

1210001-10

E 414 F11H/2021 £ 6 B/RZEZER

1223001.

Tam W J, Speranza F, Yano S, et al. Stereoscopic
3D-TV: visual comfort [J]. IEEE Transactions on
Broadcasting, 2011, 57(2): 335-346.

Alfonso J F, Ferndndez-Vega L, Senaris A, et al.
Acri. LISA
intraocular lens[J]. Journal of Cataract & Refractive

Surgery, 2007, 33(11): 1930-1935.

Prospective study of the bifocal

Wang ] L, da Silva M P, Le Callet P, et al.
Computational model of stereoscopic 3D visual
saliency [ J]. IEEE Transactions on Image

Processing, 2013, 22(6): 2151-2165.

Wu J J, Li L D, Dong W S, et al. Enhanced just
noticeable difference model for images with pattern
complexity [ J]. IEEE Transactions on Image
Processing, 2017, 26(6): 2682-2693.

Wang X Y, Yang H'Y, Chen L. K. New color image
watermarking based on adaptive quantization []J].
Mini-Micro Systems, 2005, 26(9): 1525-1529.
TmbH, Has, HEAR. T AR RSN AR
I 4 & N C K T D AN R - @i a g = S
4, 2005, 26(9): 1525-1529.
Mu T Z, Ji 'Y, Chen W D,

emitting-diode-on-silicon

et al. Organic-light-

microdisplay  based on
double-frame digital-analog-hybrid scanning strategy
[J]. Laser & Optoelectronics Progress, 2019, 56
(9): 092302.

FRIEW, ZEUN, BROCHR, 55 . T BUWTEUR @l & F 4
M RE A B A B B os A (U] WMot 506h 7
#2019, 56(9): 092302.

Lee S, Pattichis M S, Bovik A C. Foveated video
quality assessment [ J]. IEEE Transactions on
Multimedia, 2002, 4(1): 129-132.
Bringmann A, Syrbe S, Gorner K, et al. The
primate fovea: structure, function and development
[J]. Progress in Retinal and Eye Research, 2018,

66: 49-84.



