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Abstract: Visual just noticeable distortion (JND) directly reflects the sensitivity of the human visual system to visual
signal noise, and is widely used in image and video processing. Aiming at the multilevel prediction problem of video
IND threshold, it was transformed into the prediction problem of satisfied user ratio (SUR) curve, and a feature fu-

sion-based SUR curve prediction model was proposed. The model was mainly divided into key frame extraction
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module, feature extraction and fusion module, and SUR score regression module. In the key frame extraction module,

according to the visual perception mechanism, the spatial-temporal domain perception complexity was proposed and

used as the video key frame judgment index. In the feature extraction and fusion module, a multi-scale dense residual

network was proposed based on dense residual block (RDB) to realize image feature extraction and multi-scale fusion.

The experimental results show that the proposed SUR curve prediction model is overall better than the existing mod-

els in terms of JND prediction accuracy and reduces the time cost by 8.1% on average in terms of operational effi-

ciency. Meanwhile, the model can also be used to predict other layers of JND thresholds, which can be directly ap-

plied to video multilevel perceptual coding optimization.

Key words: just noticeable distortion, deep learning, quality evaluation
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|APSNR|. |ASSIM|) , QP FE MG AS 1 ) & Ak
ZH, WE(EIEHELE (peak signal-to-noise ratio,
PSNR) &5 # #HALEE M & (structure similarity
index measure, SSIM) T K48 LA ) i &1
Wrigtr. FEHRAPSNR|FIASSIM|AT LI (16)
s A7) HEAH:
|APSNR| =|PSNR, —PSNR,| (16)
|ASSIM|=[SSIM,, —SSIM,| (17

Hr, PSNR,. SSIM, 7RG INQP (£
o E A ILS EH) SUR #148, 4 SUR=0.75 I
HUASI) QP X 1) 4t B AR A 55 U RS 2 [ T B 1)
PSNR. SSIM, PSNR,. SSIM, 43R AT
TSR] INQP X B SR AL LA VAT 7]
THAL) PSNR.SSIM .o A ORI 55 Ho Al LAY 7E SUR
A IND T 22 LA WL 3

A 15 22 ek /)N DU 5 W 122 AE R 1) U K
B, BN T R RN AR E T R .
® 3R, AR TR AEA F FE bR LR
Fr. BiE L, AXIRHHE SUR-SPADE Al
SUR-MSDRN 7£ i % $3){8 77 [ /N T VW-SSUR,
1% & T VW-STSUR- QF fll VW-STSUR-FF;
FERZETT 7 b5 B R R R A — B SCHER[12]
rh M E B 4 (AR VW-SSUR Fl VW-SSUR-FF
R T HETAE I A A5 EREAE, AR T A ]
XK. AR &, A SCHE I T AR b
D 2 8. 1% ) 18] 74 #E

AN, ASCAE VideoSet™ Hr 4 4 b ik T
1080p. 720p- 540p LA 360p 43 HER A4, £
IR N B HMI SUR A1 QP T % 2 b I
% 4. MRGE RS VW-SSUR #E47 7 LE, Horpik
REFahRi B ASUR|FI AQP|HISAME R 2. SERFRIAA
SR A BT VW-SSUR, H SUR-MSDRN
- SUR-SPADE. VideoSet H454™ 1 080p M1
HH) 1st IND gi SUR TRIRZ A a0 Bl 7 Bos,
A LANZEE] SUR-SPADE [ K350 iR Z #REE R 1E
0.04 £ 47, SUR-MSDRN iR ZIEAHLE 0.04 LA
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*#3 ANEREBSHMRAAE SUR F1 IND FUMREELE

fabr Jrik |ASUR| |AQP| |APSNR| |ASSIM| i [a)/s
SERME VW-SSUR!" 0.066 1.90 0.91 1.63x107° 15.51
VW-STSUR-QF'? 0.056 1.69 0.84 1.56x107° 19.28
VW-STSUR-FF!' 0.049 1.86 0.90 1.71x107° 20.33
SUR-SPADE 0.055 1.89 0.90 1.60x10°° 14.26
SUR-MSDRN 0.053 1.86 0.89 1.61x10°° 14.04
77 VW-SSUR!™ 0.006 4 1.94 0.46 1.90x107° —
VW-STSUR-QF"? 0.004 8 1.69 0.51 2.17%x107° —
VW-STSUR-FF!' 0.005 7 2.07 0.60 3.61x107° —
SUR-SPADE 0.007 2 2.01 0.53 2.55%10°° —
SUR-MSDRN 0.005 6 1.66 0.51 2.11x107° —

T4 SHPETSEYNE SUR M QP FUMIRELLE

\ I HER
Tk
1 080p 720p 540p 360p
VW-SSUR!™ 0.066/1.90 — 0.056/2.27 —
SUR-SPADE 0.055/1.89 0.058/2.21 0.052/2.41 0.061/2.30
SUR-MSDRN 0.053/1.86 0.057/2.32 0.051/2.22 0.059/2.48
T, AR T A SR I SR e ik DU i SR T sn
N AL N VW-STSUR-QF —e— SUR-MSDRN
5 SRR, SRER (O RHE REOS HE R AL IR 5 DM

VERLSIZ (6] (¥ 72 S5 BE . VideoSet H14E4~ 1 080p
DKM 1st IND 51 QP Fl R ZE 70 AT 14 8 iy
s QP IRZEMILIL 0 LR HAER, B
UASCH R 22 AR QP T 2RI R 4
KERHILE 0 B

016 = VW-SSUR

T —» VW-STSUR-QF

0141 ~+ VWSTSURFF ! 570 15 20 25 30 35 40 35
-a-SUR-SPADE |} ..

0.12 ~o-SUR-MSDRN _ |/ 1 WRET

=010 ] ' B8 VideoSet sHAEA 1 080p JLHLAA 15t IND 4

20.08 QP BUIRZ 415

Z0.

0,06

004 BT AR M PR, AT 758 =
0.02 v E4 (2nd) LKHE=JES (3rd) IND Fill. 4
0 5 10 13 yzioﬁgfgls 30 35 40 45 SCAEFILE VideoSet H1 4 #HEK N 1 080p LA LA 56

R =JER IND TS RILEK 5. FHECT AR

7 VideoSet 144 1 080p PMHLKLHAN 1st IND £
SUR T B 253 Aii —JZ4% JND Filll, SUR HIFRZMZA K, 1
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F 5 AITHEBIZE VideoSet F4y##ZEF 1080p MSA_EHIE — M = 2R/ IND FUlILE R

T EiE Loy JZ |ASUR| |AQP| |APSNR| |ASSIM|
SUR-SPADE T 2nd JND 0.049 1.65 0.71 2.01x107°
3rd IND 0.052 1.67 0.75 2.25x107°
SUR-MSDRN 2nd JND 0.051 1.40 0.69 1.97x1073
3rd IND 0.050 1.53 0.72 227x107°
SUR-SPADE Ji % 2nd JND 0.004 1 1.32 0.56 6.36x107°
3rd IND 0.005 6 1.96 0.47 5.23x107°
SUR-MSDRN 2nd IND 0.003 9 1.54 0.49 4.61x107°
3rd IND 0.004 6 1.80 0.51 6.78x10°°

QP F1 PSNR M iR 2 AR 1 AN Do B 9~ 12
ffi7~43 928 SUR-SPADE #l1 SUR-MSDRN 3 42
Z¢1f1 SUR A1 QP TR ZE A, FTLAEH, ME&E
JERHE N, QP TR BRAER, X ReZ N
5 RGO Z 2 IND EL 4 A TR &=
VR, FAREXT HVS EneHE, KU aehs
TERf DX o AT B 22 57, AN T (6 15 T &5
BN -

0.16f —e— IstIND
--#-- 2nd IND
0141 --¥ - 3rd JND

30 15 20 25 30 35 40 35
WA 5|

9 SUR-SPADE Tiijllf¥) 3 ™24 SUR 4uxfi% % /0 4i

6 —m— IstIND
--#-- 2nd IND
4 --¥ - 3rd JND

510 15 20 25 30 35 40 45
MRS

10 SUR-SPADE T[] 3 NELK QP iRZE A4

0.16f-| —m— 1st IND

--#-- 2nd JND

014r | v — 314 IND
012+
Z0.10
20.08

05 10 15 20 25 30 35 40 45
M 5]

SUR-MSDRN Tl 1) 3 4N Z 4 SUR 45 15 22 43 A

--e-- 2nd IND
--¥ - 3rd IND

510 15 20 25 30 35 40 45
]

12 SUR-MSDRN Tiiilllf¥) 3 24 QP #2451

4 LERIE

AR SCEEXSALA IND B {E T 22 = 2 30
[ AL, FEH T AT RFAR AR K SUR i 28 T
MEERL, SCHIAIRZR 2 /2 2% IND BB T
FER B WO BRI RE b, AN SCQHT 1 Hh 32 Y e i
RGN R A RE, I LR D SR B A TR R A
FERHE SR AR &l A b, ASCHRR T RDB R
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BRAE AR T AE B2 HIFE M . SPADE #E B Rk
RLERIER], (ESEEEAE ESR T 2 R E R
ZE W 2% S DURFAE R SR BN 22 REZ Rt & . IR 45
REW], ACIRMKZ R IND Fii A R B ik
EART A B E% IND BN, (R8T 8%
EAPEIREAR 8. 1% R A o R, s
R T ABAIESS — ., 5B =)Z4 IND Tl
R A TN AR o RORMG AE A S AR St |- 4
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