
 

 
ISO/IEC JTC 1/SC 29/WG1 
For information, contact convenor@jpeg.org Page 1 

 

 

Controlling JPEG 2000 image quality using 
a single parameter (Qfactor) 
Guideline 

While JPEG 2000 can achieve precise rate-control without iterative encoding through post-encoding 
rate-distortion optimization (PCRD-opt), image quality can also be controlled directly by choosing an 
appropriate set of quantization parameters, as is done in almost all other image and video codecs.   

This document describes an algorithm for choosing JPEG 2000 quantization parameters based on a 
single scalar parameter (Qfactor), as is commonly done with JPEG implementations such as libjpeg-
turbo1. The method can be used to derive quantization step sizes for content with any sample precision 
and for a general set of colour (or non-colour) representations. 

While the algorithm is generic, the parameter values given here are designed for sRGB content. 

In addition to controlling image quality, Qfactor can avoid or limit the need to generate coding passes 
that are then discarded during the PCRD-opt step.  For the HT block coder specified in Rec. ITU-T 
T.814 | ISO/IEC 15444-15, the encoding workload can be reduced to the production of just one (or 
perhaps zero) HT Cleanup pass per code-block when quantization alone is used to drive the 
compressed image quality. Qfactor can also be combined with the PCRD-opt algorithm to also ensure 
that the compressed image size or video bit-rate conforms to a strict bound.  

This algorithm is implemented in at least two encoders2, one of which is an open-source 
implementation. It builds on an earlier algorithm developed by Ahar et al3. It works with both the block 
coding algorithm specified in Rec. ITU-T T.800 | ISO/IEC 15444-14 and the block coding algorithm 
specified in Rec. ITU-T T.814 | ISO/IEC 15444-155. 

Algorithm 
The objective is to determine the quantization step sizes Δ!,# for each sub-band " of component #, using 
a single number $ (the Qfactor) that ranges from 1 (worse quality) to 100 (best quality). 

If the distortion objective is Visually Weighted Mean Squared Error (WMSE) with weights %! ≤ 1 for 
each sub-band ", then the approximately optimal strategy is to compute6 

Δ!,# = $!"#
%&$'$'%

	 	

where: 

§ Δ()* is a global quantization control parameter 
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§ )!	is the energy gain factor for the sub-band operator and is equal to ‖,!‖+, the squared Euclidean 
norm of the synthesis basis vectors ,! associated with sub-band " of the relevant wavelet transform 

§ )# is the energy gain factor for the multi-component synthesis operator and is equal to ‖-,‖+, the 
squared Euclidean norm of the multi-component synthesis operator that represents the contribution 
of component # (e.g., Y, Cb or Cr) to reconstructed image samples (usually R, G and B) according 
to the inverse multi-component transform. 

§ weights %! are chosen to be 1 for the lowest frequency sub-bands of all image components, but 
smaller for higher frequency sub-bands where distortion can be harder to perceive. 

NOTE 1 – !! can be obtained as the sum of the squares of the samples produced by synthesizing an image from 
exactly one non-zero sample, with magnitude 1, placed sufficiently far from the image boundaries within subband 
#. 

NOTE 2 – For the most common case where the inverse ICT specified in ISO/IEC 15444-1 is used, the multi-
component transformation is equivalent to the YCbCr to RGB transformation specified in Rec. ITU-R BT.601, and 
$!Y = 1.7321, $!Cb = 1.8051 and $!Cr = 1.5734. 

The set of visual weighting factors for 4:4:4 YCbCr content with sRGB primaries and gamma are given 
by Table 1, and correspond to the frequency weighting for motion sequences specified in Rec. ITU-T 
T.802 | ISO/IEC 15444-3. These are also suitable for RGB content compressed using the multi-
component decorrelating transforms specified in Rec. ITU-T T.800 | ISO/IEC 15444-1. For 4:2:0 and 
4:2:2 content, the weighting factors shown in Table 2 and Table 3 are used. These tables all provide 
parameters for 5 levels of wavelet decomposition only. If fewer levels of decomposition are employed, 
trailing columns in the tables are dropped, as appropriate; if more levels are used, the additional low 
frequency sub-bands are assigned visual weights of 1.0. In all cases, the LL sub-band at the base of 
the decomposition tree is assigned a visual weight of 1.0. 
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Table 1 – Square roots !"& of the visual weighting factors for 4:4:4 YCbCr content. HL is horizontally high-pass and 
vertically low-pass, while LH is horizontally low-pass and vertically high-pass. 

 HH1 LH1/HL1 HH2 LH2/HL2 HH3 LH3/HL3 HH4 LH4/HL4 HH5 LH5/HL5 

Y 0.0901 0.2758 0.7018 0.8378 1.0 1.0 1.0 1.0 1.0 1.0 

Cb 0.0263 0.0863 0.1362 0.2564 0.3346 0.4691 0.5444 0.6523 0.7078 0.7797 

Cr 0.0773 0.1835 0.2598 0.4130 0.5040 0.6464 0.7220 0.8254 0.8769 0.9424 

Table 2 – Square roots !"& of the visual weighting factors for 4:2:0 YCbCr content. 

 HH1 LH1/HL1 HH2 LH2/HL2 HH3 LH3/HL3 HH4 LH4/HL4 HH5 LH5/HL5 
Y 0.0901 0.2758 0.7018 0.8378 1.0 1.0 1.0 1.0 1.0 1.0 

Cb 0.1362 0.2564 0.3346 0.4691 0.5444 0.6523 0.7078 0.7797 1.0 1.0 
Cr 0.2598 0.4130 0.5040 0.6464 0.7220 0.8254 0.8769 0.9424 1.0 1.0 

Table 3: Square roots !"& of the visual weighting factors for 4:2:2 YCbCr content.  

 HH1 LH1 HL1 HH2 LH2 HL2 HH3 LH3 HL3 HH4 LH4 HL4 HH5 LH5 HL5 

Y 0.0901 0.2758 0.2758 0.7018 0.8378 0.8378 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 

Cb 0.0863 0.0863 0.2564 0.2564 0.2564 0.4691 0.4691 0.4691 0.6523 0.6523 0.6523 0.7797 0.7797 0.7797 1.0 

Cr 0.1835 0.1835 0.4130 0.4130 0.4130 0.6464 0.6464 0.6464 0.8254 0.8254 0.8254 0.9424 0.9424 0.9424 1.0 

To ensure that greyscale images receive the same quantization assignment as the luminance 
component of a colour image, 

Δref = Δ- ⋅ 1)Y, 
where )Y is the multi-component energy gain factor for the luminance component (usually the first one), 
and Δ- is given by:  

Δ- = 2.' ⋅ 4- ⋅ 5- +
1
√2	

where 

5- = 5($) ≜
⎩
⎨
⎧ 50

$ if	1 ≤ $ < 50

2@1 − $
100B if	50 ≤ $ ≤ 100

	

C/ is the sample data precision (bit-depth) of the original colour image samples or luminance 
component (usually all components have the same precision).  

To provide sensible behaviour for large Qfactors, the visual weights %! are adjusted so that %! → 1 as 
$ → 100. The scaling uses the fact that distortion becomes very difficult to perceive at high Qfactors 
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without heavily magnifying the images. Magnification invalidates the human visual system contrast 
sensitivity assumptions, on which the original weights were based. 

Adjusting the visual weights towards 1 also ensures that the MSE distortion converges to 50% of the 
natural distortion associated with digitizing continuous intensity values to the precision C/. This is due to 
the constant offset of 1 √2⁄ , which dominates the expression for Δ-	as 5- approaches 0. This then 

becomes the interpretation of lossy compression at best quality. 

To compensate for the increase of visual weights %! at high Qfactors, it is also important to adjust the 
scaling factor 4-.  These adjustments are introduced through the following logarithmic model: 

%!,- = F
%! 5- ≤ 50/

%!
12345()62345*7 (2345()62345(')⁄ 50/ < 5- < 50;

1 5- ≥ 50;

	

4- =
⎩⎪
⎨
⎪⎧

40/ 5- ≤ 50/

40; ⋅ @
40/
40;B

12345()62345*7 (2345()62345(')⁄
50/ < 5- < 50;

40; 5- ≥ 50;

	

This model is parametrized by thresholds 50/ < 50;	on the linear modulation parameter 5-, over 

which the visual weights progress logarithmically from %! to 1, while the quantization scaling factor 
progresses logarithmically from 40/ to 40;. The following parameter choices are used: 

40/ = 0.04, 50/ = 5(65.0)	
40; = 0.10, 50; = 5(97.0)	

This means that the visual weights take their nominal values at Qfactors below 65, while they complete 
their transition to uniform weights (%!,-=1) at a Qfactor of 97. One can verify that this choice results in 

the visual weights %! being raised to powers of 0.86, 0.77, 0.66 and 0.49 at corresponding quality 
factors of 75, 80, 85 and 90. 

Figure 1 illustrates the effect of Qfactor on image quality and codestream size. 
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Original image 

 
Qfactor = 85 (1.06 bpp) 

 
Qfactor = 65 (0.53 bpp) 

 
Qfactor = 25 (0.24 bpp) 

Figure 1. Comparing image quality and coding efficiency for a selection of Qfactor values. 200% crop from a 
2048⨯1536 8-bit RGB image. Source: image #6 from the JPEG AIC-3 Dataset. 
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