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General IQA Task-specific IQA

Physical layer Algorithm layer Diagnosis layer Retrieval layer

equipment; — analytic reconstruction; ——— explore pathological signal C—— image quality issues in
scan protocols: iterative reconstruction; retrospective investigations
KVP, mAs parameter selection
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i

5

= '.""
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ALARA
(As Low As Reasonably Achievable)
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Task-specific Image Quality Assessment (IQA), e.g.,
Hotelling Observer

General IQA, including FR(full reference) 1QA, e.g.,
SSIM, or BIQA (Blind IQA), e.g., M3
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General IQA

Point based error Pooling over the
measure whole image

» Full reference IQA

Local feature extraction Learned

& feature statistics prediction model Blind 1QA

Task-specific QA

5

-1 v
Multi-channel : — Matched | ! —
feature extraction Pre-whitening ]—- filter —:—-I Detectability index

Task-speci

Hotelling observer ! IQ A

-.._..; S0 Multi-channel E - —
feature extraction | | E Detectability index
With pat.hnluglc. signal E Nonprewhitening | Eye filter

S _ut_:ss,-r-{er Contrast sensitivity

function
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Qiong Xu, et al, “Low-dose X-ray CT Reconstruction SSIM=0.8583 , f=1o(K SSIM=0.8834,  5=2000

via Dictionary Learning”, IEEE TMI, vol. 31, 2012.
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English version
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Various versions of Lena with different di

v,

stortionst

a

Original Lena Salt-pepper noise Additive Gaussian Multiplicative speckle

MSE=0, Q=1 MSE=225,Q=0.6494 noise noise,
MSE=225,Q=0.3891 MSE=225,Q=0.4408

JPEG compression
MSE=215,Q=0.2876

Mean shift Contrast Stretching
MSE=255,Q=0.9894 MSE=225,Q=0.9372

Blurring
MSE=225,Q=0.3461

1. http://www.cns.nyu.edu/~zwang/files/research/quality index/demo.html
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Hyperpolarizing Depolarizing Recording

membrane membrane of action
potential potential potentials
Stimulus
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Photoreceptor Bipolar cell

:‘I Light Ganglion To brainl

cell

» Cellular Structure of the Mammalian Retina

Retinal Amacrine Horizontal ~ Cone Rod

ganglion cells Bipolar cells receptors  receptors
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To blind spot

and optic nerve
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Retina-Geniculate-Striate System
ource: Adapted from Netter, 1962.
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Ganglion Cell & LGN - n
Basic Primitive Strut
T s | Zero-crossing Detection

Edge Maps
the ratio of Non-5Shift Edge

Simple Cell

* Linear Representation
» Defined by Marr as

the raw primal sketch - .

LI Y]
Used by most IQA
Complex Cell and observer models
* Divisive Normalization
* Sparse Representation

| Independent Component

Used by a few existed
IQA and observer models
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The SROCC performance of the purposed IQA metrics and other state-of-art methods on the

three largest databases.

LOG- LOG-
GMSD MSE COR NSER  rNSE
LIVE 0.960 0.927 0.934 0.9419 0.9292 0.9631 0.9274 0.9234 0.9441 0.9472 0.8933 0.8717

TID2008 0.891 0.757 0.835 0.7404 0.7670 0.7496 0.7046 0.5692 0.8526 0.7749 0.6004 0.5818
csiQ 0.957 0.876 0922 09337 0.9331 09172 0.8086 0.7722 0.9115 0.8756 0.8098 0.7991

MEAN 0.9242 0.827 0.881 0.8374 0.847/8 0.8427 0.7834 0.7042 0.8892 0.8411 0.7/228 0.7056

» M. Zhang, X. Mou, and L. Zhang, “Non-Shift Edge Based Ratio (NSER): An Image Quality Assessment Metric Based on Early
Vision Features,” IEEE Signal Processing Letters, vol. 18, no .5, pp. 315-318, 2011.

» W. Xue, and X. Mou, “An image quality assessment metric based on Non-shift Edge,” 18th IEEE International Conference on
Image Processing (ICIP), 2011.

» Mou X, Zhang M, Xue W, Zhang L, "Image quality assessment based on edge," Digital Photography VII, Proceedings of the SPIE,
Volume 7876, pp. 78760N-78760N-9, 2011.

» W. Xue, L. Zhang, X. Mou and A. C. Bovik, “Gradient Magnitude Similarity Deviation: A Highly Efficient Perceptual Image Quality
Index,” IEEE Transactions on Image Processing, vol.23, no.2, Feb. 2014, pp.684-695.

» Mou,Xuangin, Xue, Wufeng, Chen Congmin, Zhang Lei, LoG acts as a good feature in the task of image quality assessment,
Proceedings of the SPIE, 03/2014
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Theoretical Analysis
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1. H.R. Sheikh and A. C. Bovik, INFORMATION FIDELITY CRITERION FOR IMAGE QUALITY ASSESSMENT, IEEE

TRANSACTIONS ON IMAGE PROCESSING, VOL. 14, NO. 12, DECEMBER 2005.
2. H.R.Sheikh and A. C. Bovik, IMAGE INFORMATION AND VISUAL QUALITY, IEEE TRANSACTIONS ON IMAGE

PROCESSING, VOL. 15, NO. 2, FEBRUARY 2006.
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The equivalence of the mutual information between the reference image and distorted image in the LOG
domain and in the oriented Laplacian pyramid domain (OLP). In this oriented Laplacian pyramid domain, we
can represent natural images with Gaussian Scale Mixture model, and model the distortion procedure as a
decay factor and an additive noise, as in IFC.

The equivalence of the mutual information between r and d in the OLP domain, and the MSE between r and

d in the divisive normalized OLP (DNT-OLP) domain. Following the work in IFC, this can be easily proved.

The equivalence of the MSE between r and d in the NLOG domain and in the DNT-OLP domain.
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Experimental Results

Table 1. Performance comparison of the proposed IQA models and other competitors.

LIVE(779) CSIQ(866) TID2008(1700) Weighted average
SRC PCC RMSE | SRC PCC RMSE | SRC PCC RMSE | SRC PCC

PSNR 0.876 0.872 13.36 0.806 0.751 0.173 0.553 0.523 1.144 0.694 0.664

IFC 0.926 0.927 10.26 0.767 0.837 0.144 0.568 0.203 1.314 0.703 0.537
NSER 0.942 0.939 9.362 0.934 0.947 0.084 0.740 0.796 0.813 0.837 0.868
SSIM 0.948 0.945 8.95 0.876 0.861 0.133 0.775 0.773 0.851 0.841 0.836

VIF 0.964 0.960 7.61 0919 0.928 0.098 0.749 0.808 0.790 0.844 0.875
MAD 0944  0.939 9.37 0.899 0.820 0.150 0.771 0.748 0.891 0.845 0.811

IW-SSIM 0.957 0.952 8.35 0.921 0.914 0.106 0.856 0.858 0.689 0.896 0.895

FSIM 0.963 0.960 7.67 0.924 0.912 0.108 0.880 0.874 0.653 0.911 0.904

LoG-MSE 0.927 0913 11.136 0.876 0.646 0.200 0.757 0.737 0.907 0.827 0.754
LoG-COR 0.934 0928 10.214 0.922 0.916 0.105 0.835 0.826 0.756 0.881 0.873
NLOG-MSE | 0.947 0.945 8.952 0.945 0.947 0.085 0.851 0.836 0.736 0.898 0.890
NLOG-COR | 0.941 0.937 9.536 0.931 0.933 0.094 0.838 0.827 0.755 0.886 0.880

1. W. Xue and X. Mou, “Image Quality Assessment with Mean Squared Error in a Log Based Perceptual
Response Domain,” ChinaSIP 2014, Xi‘an China.
2. W. Xue, X. Mou, L. Zhang, and X. Feng, Perceptual Fidelity Aware Mean Squared Error, IEEE ICCV 2013.
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¥ (by introducing a MSE of a structure measure)
* Structure MSE, SMSE

SMSE(r, d) = &(r |} +e|s-r -S-d|}

2
2 2
= &(Ir=df; +e|s-(r =)} )
SMSE(r,d) =1 (r —d)" (I +aS"S)(r —d)
M=1+aS'S STS.e/'gvenva/ue.- Ay =12, N
7 =1+Olﬂ¢| M ejgvenvalue : y; , ~1,2,...,N, we have:
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* M is semipositive definite (SPD)
2 =1+ aﬂﬁ >0 ~1,2,.,N

When M s SPD and symmetric, we can find a matrix P

M=P'P  SMSE(r,d) =ﬁHP(r—d)Hi

The matrix P can be viewed as a new feature extractor (a linear
projection/transform) which is able to simultaneously measure the pixel-
wise energy preservation and local neighborhood-wise image structure

preservation. P can also be viewed as a kernel to measure the similarity
between rand d.

I I P PRR @ SCHOOL OF ELECTRONIC AND
P \*2?) INFORMATION ENGINEERING, XJTU

INSTITUTE OF IMAGE PROCESSING & PATTERN RECOGNITION

29



(H
()
(
(
(p ()

e Two Issues:

e Determining P and 0 for SMISE become an IQA metric
* The performance of the new metric?

There are many candidates in choosing P and determining 9, e.g..,
LOG (Laplacian of Gaussian), Gradient operator, etc.

Sy f=11,-1]

S f=1[0,1,0;1,-4,1;0,1,0]
Sg: F=Gli,j) * S,

Se- F=sart(G,(i,j)+G; (i,j))
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Thus SSIM is equivalent to
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— = m & BS | (N —
=EXperimental Results of PAMSIE
g sSMSE

LIVE (779 images) CSIQ (750 images) TID2008 (1300 images) | Weighted average

SRC PCC RMSE | SRC PCC RMSE | SRC PCC RMSE | SRC PCC
MSE 0.8756 0.8739 13283 | 0906 0.8882 0.125 | 0.7718 0.7649 0.852 | 0.8362 0.8279
SMSE with S, 0.8992 0.8953 12.17 | 09394 09155 0.11 | 0.8659 0.8491 0.649 | 0.8946 0.8795
SMSE with S; 0.8890 0.8890 12.647 | 09299 09049 0.116 | 0.8393 0.8230 0.751 | 0.8770 0.8629
SMSE with S, 09197 09162 10946 | 09569 09188 0.108 | 0.8864 0.8711 0.637 | 09143 0.8963
SMSE with S;o, | 0.9091  0.9046 11.644 | 0.9449 09421 0.091 | 0.8934 08764 0.890 | 09114 0.9016
PAMSE 0.928 09243 10428 | 09565 09163 0.109 | 09162 0.9018 0.571 | 0.9301 0.9119
IFC[17] 0.9259 09268 10264 | 0.8827 0.8912 0.124 | 0.7589 0.8007 0.792 | 0.8383 0.8599
SSIM [24] 0.9479 09451 8.927 | 09247 09188 0.108 | 0.8742 0.853  0.690 | 09082 0.8962
MAD [Y] 0.9438 0.9394 9368 | 09604 08881 0.125 | 0.8694 0.8306 0.736 | 09142 0.8762
VIF [16] 0.9636 0.9604 7.614 | 09282 09321 0.099 | 0.8731 0.8938 0.593 | 09130 0.9226
tNSE [27] 0.9242 09211 10.639 | 0.9405 09495 0.086 | 0.8622 0.8766 0.636 | 0.9002 0.9083
FSIM [29] 0.9634 09597 7.674 | 09544 09541 0.082 | 09199 0.9068 0.557 | 09412 0.9341
SNEIRAE =R B Re bR . MHEREVFIT TR B 4ESRC, PCC, FIRMSE.

1. W. Xue, X. Mou, L. Zhang, and X. Feng, Perceptual Fidelity Aware Mean Squared Error, IEEE ICCV 2013.
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feng Xue, Xuangin Mou, Lei Zhang, Alan C. Bovik, and Xiangchu Feng, “Predict Image Quality by Joint Statistics of
dient Magnitude and Laplacian of Gaussian Features, IEEE Transactions on Image Processing, Vol.23, NO.11, 2014,

850-4862.
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o NS —_— =
=N/InalPlinnicainnre =¥ -1~ PG
AL /N D DO D Dm0 Ol B O e Y Ol B S
1QA model LIVE (779 images) TID2008 (384 images) CSIQ (600 images) Weight average
SRC PCC RMSE SRC PCC RMSE SRC R RMSE SRC PCC
PSNR 0.8829 0.8821  12.8983 | 0.8789 0.8611 0.8073 0.9292 0.8562 0.1444 0.8978 0.8687
SSIM 0.9486 0.9464 8.8035 0.9032 0.9087 0.6620 0.9362 0.9347 0.0990 0.9345 0.9342
FSIM 0.9639 0.9612 7.5461 0.9555 0.9539 0.4707 0.9629 0.9675 0.0710 0.9617 0.9617
BIQI [8] 0.8084 0.8250  15.3883 | 0.8438 0.8704 0.7872 0.7598 0.8353 0.1542 0.7995 0.8384
DIIVINE [16] 0.8816 0.8916  12.3294 | 0.8930 0.9038 0.6714 0.8697 0.9010 0.1249 0.8800 0.8974
BLIINDS2 [15]| 0.9302 0.9366 9.5185 0.8982 0.9219 0.6117 0.9003 0.9282 0.1028 0.9131 0.9305
CORNIA [11] 0.9466 0.9487 8.6969 0.8990 0.9347 0.5669 0.8845 0.9241 0.1054 0.9151 0.9373
BRISQUE [14] | 0.9430 0.9468 8.7214 0.9357 0.9391 0.5442 0.9085 0.9356 0.0980 0.9298 0.9414
M, 0.9278 0.9329 9.8355 0.9246 0.9332 0.5711 0.9035 0.9298 0.1025 0.9189 0.9319
M, 0.9447 0.9489 8.6452 0.9278 0.9432 0.5263 0.9140 0.9408 0.0947 0.9307 0.9449
M, 0.9511 0.9551 8.0444 0.9369 0.9406 0.5377 0.9243 0.9457 0.0909 0.9390 0.9488
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SSIM=0.8583 , G=13000 SSIM=0.8834 , 5=4000

ITEHEZR : Qiong Xu, et al, “Low-dose X-ray CT Reconstruction via Dictionary Learning”, IEEE TMI, vol. 31, 2012.
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min
EPAR RG4S, X2 HKRZMLBE, bREXRYHIEN /A, FLAEN LK, EZTHERRRAR
egsEE, DRI T LGN FH, a 2HRAHK

B R 7%
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BB SR i o+ (S (B - Do+ [SEx D))+ o)
IR T 38 5% EAR By SR M B 69 R AK F A
EoF LR 5B EETF RSN ET, THAESH —ABIF
- minf[Ax-bl} + B [h® (Ejx~Da, ) + o o)

HESHk#E: Xue, Wufeng, XuanginMou, Lei Zhang, and Xiangchu Feng. "'Perceptual Fidelity
Aware Mean Squared Error." Proc. IEEE ICCV 2013. pp. 705-712. 2013.
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