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 URQ quantizes coefficients at the CB level according to a uniform Quantization Step Size (QStep) [1, 2]; see above.

«  With URQ, perceptually significant data is quantized in the same manner as perceptually insignificant data (i.e., uniformly).

« The lack of perceptually adaptive quantization in URQ equates to a waste of bits spent on perceptually insignificant data.
« PCC perceptually adjusts the QStep at the CB level.
 |In PCC, the perceptually adaptive QStep design is based on HVS spectral sensitivity and JNCD-based modeling.

HVS Spectral Sensitivity and JNCD Modeling in PCC
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« PCC performs CB-level perceptual quantization by virtue of Human Visual System (HVS) spectral sensitivity modeling.
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« The HVS is vastly more sensitive to the brightness of photons in the range 500-585 nm, which are perceived as green [3].
 |n PCC, we base the ordering of CB-level perceptual quantization increments and decrements on spectral sensitivity.
« Our approach is effective in terms of adaptively modifying the QStep, so that it is no longer uniform for each color channel.

a

AE, = (L, L) +(a,~a) +(b,—b,)

Just Noticeable Color Difference (JNCD) modeling is utilized at the Coding Unit (CU)
level in PCC. For this, we employ the CIELAB color difference formula, denoted as
AE ., in (1) [4], for measuring acceptable levels of color distortion in the perceptually

(1)

coded image. The Cartesian coordinates, L, a and b, in CIELAB AE , are defined as
follows:

L : Lightness in CIELAB. Note that L € [0,100], where 0 is black and 100 is white.
a : Chroma axis from green to red; (—a) for green and (+a) for red (see left image).

b : Chroma axis from blue to yellow; (-a) for blue and (+a) for yellow (see left image).

 The CIELAB JNCD threshold is quantified as AE_, = 2.3 [5].
 When AE ,=2.3 (i.e., the JNCD threshold), this means that the perceptual difference between two colors is indiscernible.

« CIELAB JNCD is therefore very useful for RGB-based perceptual image coding applications.

Proposed Perceptual Color Compression (PCC) Technique
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* f denotes a mean raw pixel. It is a set consisting of [J.],[0z] and [0;]. Therefore, f = {[5:],[05],[0x]} -
» 7 denotes a mean reconstructed pixel. It is a set consisting of [w,],[wz] and [wg]. Therefore, n = {{w],[wg],[@wr]}-

 As per the JNCD modeling of the proposed
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PCC technique, we use the CIELAB AE , formula to compare S with .
~ 2.3 when comparing 5 with 7, then the reconstructed color is visually lossless.
* If AE_, <2.3 when comparing f with 5, then the CB-level QPs are incremented until AE , = 2.3 (spectral sensitivity modelling).
* If AE_, > 2.3 when comparing S with 5, then the CB-level QPs are decrement until AE , = 2.3 (spectral sensitivity modelling).

(d)

« Kimono Evaluation: PCC (a) versus Raw Data (b). PCC attains visually lossless quality (i.e., MOS = 5 and SSIM = 0.99).
« WSI Evaluation: PCC (c) versus Raw Data (d). PCC achieves visually lossless quality (i.e., MOS = 5 and SSIM = 0.99).

Bits Per Pixel (BPP), SSIM and MS-SSIM Scores and MOS for Proposed PCC Method versus Reference Techniques

Bits Per Pixel (BPP) ! SSIM ! MS-SSIM ! MOS (Rounded)

RGB Data | PCC |SPAQ|FDPQ| VVC |HEVC ! PCC |SPAQ |FDPQ| VVC |HEVC | PCC |SPAQ|FDPQ| VWC |HEVC ! PCC |SPAQ|FDPQ| VVC |HEVC
BirdsInCage | 0.40 | 0.60 | 1.00 | 1.05 | 110 | 0.99 | 0.99 | 0.99 | 0.99 | 099 | 099 | 099 | 0.99 | 099 [ 099 | 5 | 5 5 5 5
Bubbles | 051 [ 082 | 117 | 1.04 | 111 1 0.99 | 0.99 | 0.99 | 0.99 | 0.99 | 099 | 099 | 0.99 [ 099 [ 099 | 5 | 5 5 5 5
CrowdRun | 216 | 3.92 | 5.03 | 557 | 585 | 0.99 | 0.99 | 099 | 0.99 | 0.99 | 0.99 | 099 | 099 [ 099 | 099 | 5 | 5 5 5 5
CT 0.32 | 0.36 | 0.59 | 0.44 | 0.47 | 0.99 | 0.99 | 0.99 | 0.99 | 0.99 | 0.99 | 0.99 | 0.99 | 099 [ 099 | 5 | 5 5 5 5
DucksAndLegs | 221 | 3.79 | 469 | 538 | 555 1 0.99 | 0.99 | 0.99 | 0.99 | 099 | 0.99 | 0.99 | 099 | 099 | 099 | 5 | 5 5 5 5
Kimono | 050 | 1.01 | 1.87 | 1.82 | 1.90 | 099 | 099 | 0.99 | 099 | 0.99 | 0.99 [ 0.99 | 0.99 | 099 [ 099 | 5 | 5 5 5 4
OldTownCross | 1.30 | 3.33 | 457 | 526 | 549 | 0.99 | 0.99 | 0.99 | 0.99 | 099 | 098 | 099 | 099 | 099 [ 099 | 5 | 5 5 5 5
ParkScene | 1.10 | 2.35 | 3.33 [ 3.58 | 3.78 1 0.99 | 0.99 | 0.99 | 0.99 | 0.99 | 0.99 | 0.99 | 0.99 | 0.99 | 0.99 | 4 5 5 5 5
Seeking | 1.71 | 3.74 | 481 | 553 | 580 ! 0.99 | 0.99 | 0.99 | 0.99 | 099 | 099 | 099 | 0.99 | 099 | 099 | 4 5 5 5 5
Traffic 114 [ 1.35 | 1.95 | 1.83 | 2.03 | 0.99 | 0.99 | 0.99 | 0.99 | 0.99 | 0.99 | 0.99 | 0.99 | 0.99 [ 099 | 5 | 5 5 5 5
VenueVu | 0.64 | 0.73 | 1.07 | 0.92 | 1.01 { 099 | 0.99 | 0.99 | 0.99 | 0.99 | 0.99 | 0.99 | 099 | 099 [ 099 | 4 | 4 4 4 4
WSI(4K) | 053 [ 052 | 0.78 | 063 | 0.66 | 0.99 | 0.99 | 0.99 [ 099 | 0.99 ! 099 | 099 | 099 | 099 (099 | 5 | 5 5 5 5

BPP Reductions (Kimono): Compared with VVC, PCC attains a 72.50% BPP reduction on the Kimono image.

BPP Reductions (WSI): Compared with FDPQ, PCC attains a 32.05% BPP reduction on the WSI image.

Discussion: Spectral sensitivity and JNCD modeling facilitate visually lossless compression with high BPP reductions.
Future Work: Potential applications for spatiotemporal RGB, YCbCr and HDR video data and medical imaging.
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