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Abstract: In industrial vision systems, full-reference image quality assessment (FR-IQA ) has emerged as
a major research focus. To address this problem, a novel FR-IQA model, termed a dual-scale tableau de-
tail-guided model, is proposed. First, the test image is transformed into a specific color space to decouple
luminance and chrominance channels. Subsequently, a luminance gradient similarity component is con-
structed based on gradient interactions among the reference image, the distorted image, and their fused
representation. This component is further integrated with a chrominance orientation consistency analysis to
derive a color similarity measure. Meanwhile, a dual-scale tableau detail accumulation component is devel-
oped by fusing spectral residual, edge, and adaptive contrast features of the luminance channel, enabling
effective characterization of cumulative detail information. Finally, the standard deviation features of these
components are weighted and aggregated through feature coefficients to produce the overall quality score.
The reliability of the proposed model is validated on the LIVE, CSIQ, TID2008, TID2013, and KA-
DID-10K databases using four evaluation metrics: Spearman rank-order correlation coefficient (SROCC),
Pearson linear correlation coefficient (PLLCC), Kendall rank-order correlation coefficient (KROCC), and
root mean square error (RMSE). Experimental results indicate that the PLCC ranges from 0. 876 8 on
KADID-10K to 0.967 8 on LIVE, while the SROCC varies from 0. 864 8 on TID2013 to 0.961 0 on
CSIQ. The proposed model demonstrates superior computational efficiency compared with state-of-the-art
and deep learning-based FR-IQA methods, while maintaining robust and generalizable predictive perfor-
mance.

Key words: image quality assessment; full reference; dual-scale; tableau detail information
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Fig.1 Process of tableau detail information extraction
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T VEAG BT SRR A R SR SR TS
AN T B PG B 0 A7 A5 280 0 T 0 LU 4, A 4
TID2008, TID2013, CSIQ, LIVE #1 KADID-
10K, FRBIEEMR G Z LR R 2R
Tt 5 B BE LA K SR 2R 1) I 38 S0 B, R OF i 4 T
B Pk AR A I P T ER AR R 5 . R AU
g 2 AR B A R B W I 43 8K
(Mean Opinion Scores, MOS) 5 ¥ 32 W 43 # 2=
5+ (Differential Mean Opinion Scores, DMOS) . 4
AN E R TR AR RE S TR 1.

F1 IQA#ESE
Tab.1 IQA databases

B REIAVE RAFBEC R

TID2013 24 3 000 MOS
TID2008 17 1700 MOS
CSIQ 6 866 DMOS
LIVE 5 779 DMOS
KADID-10K 25 10 125 MOS

Ry B2 PPAT AR X N 28 A0 S A Y 1 g
7,8 TQA 2 VLB AL 4yt 9 G o 2 03 B0 5 2R
WL H M B E IEAT L5 40 Hr . Spearman Bk
F M % & %% (Spearman Rank-Order Correlation
Coefficient, SROCC) . Pearson £k 1 #f K& &R %
(Pearson Linear Correlation Coefficient, PLCC) ,
Kendall #: J¥ #H ¢ & %1 (Kendall Rank-Order Cor-
relation Coefficient, KROCC) A1 #] F # i# 22
(Root Mean Squared Error, RMSE) &) 72 kK H
Y R A O PR 46 A

T8 PLCC 1 RMSE #8 #5 , % H logistic
(] =345 3] 5 0 00 40 17 4 ) 1) ek R4

1 1

p(.ﬁ):ﬂl E_ 1+exp(ﬂz<5*ﬂ3))

_'—184.\‘_’_[?5,

(17)
H:p=1,2,-,5 il f/h Z R4 1 1
S0, s R BB RTE 735, p ()20 HIE 5 1Y)
SR
3.2 HWEMSHMRL

WaG ATk, Ry TG R R £ R B T
AL, T B AT AR R A S )R e e,
YChCr™ , LHM™ , YIQ™ A YUV, R T 3K
55 7R S T P AR R i 3 G ) B8 55 (R, S TE 40
2 B P v R AT €5 2 ) 0 38 % bE i
HEE RN R 2 fir o, HE 24 S5 s 0 VEAR A5 o 1A DR
WA, WNE2HEE T LA LHM 1E 4 i3y
B 45 0] HLAT fe AR A SR AP BE DRI AE AR S
P R R B R RGB RIE 9 5 e 81 LHM
Yoy g a3 [\,

DTD WS HE AW, C,C,,w,,w,
wyo HHP L ZUE MR, o E RO 5B/FA

®2 BBEZEHENEKER

Tab.2 Color space screening and comparison test results

TID2013 TID2008 CsIQ LIVE Direct average
Color space

SROCC PLCC SROCC PLCC SROCC PLCC SROCC  PLCC  SROCC  PLCC

RGB 0.8191 0.8449 0.8442 0.8464 0.9365 0.9344 0.9499 0.9487 0.8374 0.8936
YUV 0.8599 0.8710 0.8894 0.8786 0.9506 0.9469 0.9528 0.9509 0.9132 0.9119
LHM 0.8683 0.8782 0.8959 0.8344 0.9554 0.9514 0.9542 0.9511 0.9185 0.9163
YIQ 0.8594 0.8703 0.8882 0.8765 0.9514 0.9480 0.9527 0.9507 0.9129 0.9114
YCbCr 0.8549 0.8738 0.8694 0.8641 0.9337 0.9257 0.9526 0.9505 0.9027 0.9035
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Fig.6 PLCC corresponding to different w,,w,, and w; values on the four benchmark databases
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Tab.3 Ablation results of feature combinations

R TDI
w ©S CS 2l FR WL PLCC A
B
o Vv NN AN AN 0.859 1
@ NN AN Vo 0.8597
® NN N NN, 0.5414
@ NN NN/ 06294
® v 0.8819
® Vv NAEEN AN 0.8830
o ~ NN ~0.8837
® ~ v NN 0.8835
® Vv ~ N, o 0.8839
o v ~ v N 0.8838
o Vv v v < 0.8840
@ v v v v 0.8845
® v v ~ v ' 0.88438
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MFE 4T DL, DTD 68 % B 47 504 4 iy
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Tab.4 Performance comparison of state-of-the-art IQA models on four databases

TID2008 TID2013 CSIQ
Model SROCC KROCC PLCC RMSE SROCC KROCC PLCC RMSE SROCC KROCC PLCC RMSE
SSIM  0.7749 0.5768 0.7732 0.8511 0.7417 0.5588 0.7895 0.7608 0.8756 0.6907 0.8613 0.1334

VIF  0.7491 0.5860 0.8084 0.7899 0.6769 0.5147 0.7720 0.7830 0.9195 0.7537 0.9277 0.0980
FSIM  0.8840 0.6991 0.8762 0.6468 0.8510 0.6665 0.8769 0.5959 0.9310 0.7690 0.9192 0.103 4

RVSIM 0.7375 0.5628 0.7954 0.8133 0.6757 0.5146 0.7825 0.7719 0.8979 0.7234 0.9236 0.1007
CVSS  0.9001 0.7215 0.8961 0.5956 0.8069 0.6331 0.8406 0.6715 0.9580 0.8173 0.9589 0.0745
SSVD  0.8847 0.7107 0.8941 0.6010 0.8112 0.6468 0.8715 0.6080 0.8975 0.7256 0.887 8 0.1208
VCGS  0.8975 0.7171 0.8776 0.6433 0.8926 0.7166 0.9000 0.5404 0.9443 0.7906 0.9301 0.096 4
CAGS  0.8231 0.6289 0.8091 0.7886 0.8316 0.6469 0.8445 0.6639 0.9198 0.7487 0.9014 0.1137
CPCCs  0.8916 0.7040 0.8868 0.6201 0.8592 0.6738 0.8781 0.5932 0.9505 0.8009 0.9537 0.0790
TSVD 0.8910 0.7390 0.8941 —— 0.8949 0.7067 0.8977 —— 0.9665 0.8060 0.9374 ——
DTD  0.9067 0.7333 0.9024 0.5780 0.8648 0.6849 0.8848 0.5783 0.9610 0.8210 0.9578 0.0755
Model LIVE -1 HiEF

SROCC KROCC PLCC RMSE SROCC KROCC PLCC SROCC KROCC PLCC
SSIM 0.9479 0.7963 0.9449 8.9455 0.7942 0.6108 0.8140 0.8350 0.6557 0.8422
VIF 0.9636 0.8282 0.9604 7.6137 0.7646 0.6049 0.8261 0.8273 0.6707 0.8671
FSIM 0.9645 0.8363 0.9613 7.5296 0.8847 0.7101 0.8928 0.9076 0.7427 0.9084

RVSIM  0.9600 0.8203 0.9570 7.9274 0.7638 0.6006 0.8307 0.8178 0.6553 0.8646
CVSsS 0.9672 0.8406 0.9651 7.1573 0.8751 0.7115 0.8893 0.9080 0.7531 0.9152
SSVD  0.9593 0.8192 0.9560 8.0605 0.8609 0.6958 0.8900 0.8882 0.7256 0.9023
VCGS  0.9768 0.8752 0.9676 7.9035 0.9133 0.7503 0.9083 0.9278 0.7749 0.9188
CAGS  0.9734 0.8658 0.9640 8.3251 0.8587 0.6826 0.8572 0.8870 0.7226 0.8797
CPCCs  0.9653 0.8356 0.9616 7.4983 0.8964 0.7300 0.9010 0.9167 0.7536 0.9201
TSVD  0.9607 0.8201 0.9670 ——  0.8972 0.7321 0.9059 0.9283 0.7680 0.9241
DTD 0.9571 0.8270 0.9678 5.8220 0.9006 0.7334 0.9097 0.9224 0.7665 0.9282
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T T IR B 5 T B TQA BB gEAT 1 XS L, [R] i 5
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AHCHE AL MR S R Bk 50 kR ML
Bk KADID-10K 34 4 10 125 5k 2k 1A
5 R 35 25 Bk LT RE % O 0L | 4 T MRS 55
BERIAE S Ak Ho B P iz At SRe . %5
e, 45 T bR AT 4% 2R, DTD B R 78 4 45

B PERAE S5 AN K SR, M TR IF A KADID-10K 78 4 (9 548t g L3 R ke 98
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Tab.5 Performance comparison with deep learning based IQA models of five databases
LIVE CSIQ TID2008 TID2013 KADAD-10K
Model PLCC SROCC PLCC SROCC PLCC SROCC PLCC SROCC PLCC SROCC
SSIM-CNN  0.9650 0.9630 0.9520 0.9460 0.7700 0.7370 0.7590 0.7520 —— —
DeepSIM 0.9680 0.9740 0.9190 0.9190 0.8760 0.8870 0.8720 0.8460 —— —
DeepIQA 0.9400 0.9470 0.9010 0.9090 0.9170 0.9080 0.8340 0.8310 —— —
PieAPP 0.9080 0.9190 0.8770 0.8920 0.6100 0.7880 0.8590 0.8760 —— —
LPIPS 0.9540 0.9540 0.9280 0.9290 0.7050 0.6680 0.8550 0.8300 0.8090 0.8140
WaDIQaM  0.9590 0.9600 0.9080 0.8990 —— —  0.8680 0.8560 0.7750 0.7620
MetalQA 0.9710 0.9680 0.9590 0.9460 —— ——  0.850 0.8160 0.8560 0.8510
DISTS 0.9540 0.9540 0.9280 0.9290 0.7050 0.6680 0.8550 0.8300 0.8090 0.8140
HyperIQA  0.9650 0.9490 0.8380 0.8250 —— —— 0.8580 0.8460 0.8550 0.8500
TIQA 0.9550 0.9600 0.8440 0.8520 —— —— 0.8550 0.8350 0.7520 0.7390
DTD(our)  0.9680 0.9570 0.9580 0.9610 0.9020 0.9070 0.8850 0.8650 0.8770 0.8780
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Tab.6 SROCC values of IQA model under different distortion types
ByilE LI SSIM VIF FSIM RVSIM CVSS SSVD VCGS CAGS CPCCs TSVD DTD
TID2013 AGN  0.8671 0.8994 0.9101 0.8645 0.9401 0.9221 0.9368 0.9359 0.9325 0.9326 0.9545
ANC  0.7726 0.8299 0.8537 0.8124 0.8639 0.8289 0.8559 0.8653 0.8434 0.8287 0.8915
SCN  0.8515 0.8835 0.8900 0.8412 0.9077 0.9369 0.9315 0.9276 0.9119 0.9315 0.953 8
MN  0.7767 0.8450 0.8094 0.8228 0.7715 0.7325 0.8070 0.7526 0.7815 0.7314 0.7693
HFEN  0.8634 0.8972 0.9094 0.8837 0.9097 0.8995 0.9162 0.9159 0.9080 0.9102 0.9307
IN  0.7503 0.8537 0.8251 0.8823 0.7457 0.7671 0.8682 0.8361 0.7814 0.767 1 0.8470
QN 0.8657 0.7854 0.8807 0.7519 0.8869 0.8572 0.8831 0.8718 0.8993 0.8996 0.9119
GB  0.9668 0.9650 0.9551 0.9742 0.9348 0.9499 0.9549 0.9614 0.9268 0.9862 0.9210
DEN  0.9254 0.8911 0.9330 0.8947 0.9427 0.9486 0.9454 0.9466 0.9466 0.9682 0.957 1
JPEG  0.9200 0.9192 0.9339 0.9306 0.9521 0.9318 0.9597 0.9585 0.9463 0.9411 0.9608
JP2K  0.9468 0.9516 0.9589 0.9521 0.9587 0.9688 0.9686 0.9620 0.9547 0.8527 0.9697
JGTE 0.8493 0.8409 0.8610 0.8434 0.8613 0.8441 0.8955 0.8644 0.8832 0.8025 0.8708
J2TE  0.8828 0.8761 0.8919 0.8854 0.8851 0.9332 0.9204 0.9250 0.8805 0.9115 0.9286
NEPN 0. 7821 0.7720 0.7937 0.7502 0.8201 0.8085 0.7887 0.7833 0.8318 0.8102 0.8218
Block 0.5720 0.5306 0.5532 0.6037 0.5152 0.4768 0.4326 0.6015 0.6620 0.4768 0.7189
MS  0.7752 0.6276 0.7487 0.6079 0.7150 0.7507 0.7646 0.7441 0.7107 0.8082 0.657 5
CTC 0.3775 0.8386 0.4679 0.1526 0.2940 0.4494 0.4687 0.4514 0.3147 0.8595 0.3498
CCS  0.4141 0.3099 0.8359 0.3994 0.2614 0.3562 0.7816 0.3711 0.5840 0.4015 0.817 2
MGN 0.7803 0.8468 0.8569 0.8233 0.8799 0.8600 0.8948 0.8700 0.8688 0.9392 0.909 1
CN  0.8566 0.8946 0.9135 0.8984 0.9351 0.9263 0.9268 0.9168 0.9345 0.9152 0.909 1
LCNI  0.9057 0.9204 0.9485 0.9156 0.9629 0.9649 0.9556 0.9574 0.9656 0.9634 0.9670
ICQD  0.8542 0.8414 0.8815 0.8036 0.9108 0.8948 0.9050 0.9060 0.9061 0.8948 0.914 4
CHA  0.8775 0.8848 0.8925 0.9154 0.8523 0.8816 0.8861 0.8768 0.8577 0.8821 0.8766
SSR 0.9461 0.9353 0.9576 0.9439 0.9605 0.9700 0.9635 0.9580 0.9603 0.9701 0.9716
LIVE  JP2K 0.9614 0.9696 0.9649 0.9622 0.9719 0.9681 0.9841 0.9822 0.9707 0.9478 0.981 6
JPEG  0.9764 0.9846 0.9808 0.9822 0.9836 0.9805 0.9849 0.9836 0.9804 0.9805 0.959 6
AWGN 0.9694 0.9858 0.9667 0.9692 0.9809 0.9816 0.9896 0.9837 0.9669 0.9669 0.9854
GB  0.9517 0.9728 0.9720 0.9643 0.9662 0.9387 0.9763 0.9641 0.9689 0.9689 0.9760
FF  0.9556 0.9650 0.9442 0.9581 0.9592 0.9392 0.9683 0.9633 0.9680 0.9395 0.9705
CSIQ  AGWN 0.8974 0.9575 0.9380 0.9377 0.9670 0.9474 0.9671 0.9652 0.9490 0.9524 0.9677
JPEG  0.9546 0.9705 0.9662 0.9599 0.9689 0.9593 0.9643 0.9573 0.9682 0.9563 0.9606
JP2K  0.9606 0.9672 0.9683 0.9693 0.9777 0.9692 0.9747 0.9545 0.9730 0.9795 0.9759
AGPN 0.8922 0.9511 0.9059 0.9319 0.9516 0.9392 0.9624 0.9492 0.9326 0.9595 0.959 6
GB  0.9609 0.9745 0.9782 0.9715 0.9789 0.9713 0.9734 0.9574 0.9754 0.9865 0.9713
GCD  0.7922 0.9345 0.9539 0. 8792 0.9324 0.8690 0.9553 0.927 3 0. 9274 0.9652 0.947 8
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Tab.7 Computing efficiency comparison of different

IQA models
IQABLR!  247HIE] /s IQARETY  &4FRfE /s
PSNR 0.011 SSIM 0.023
FSIM 0.108 SPSIM 0.123
RVSIM 0.457 SSVD 0.068
VCGS 0.224 CAGS 0.127

CPCCs 0.214 DTD 0.065
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