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1. The scope of research topic 

The large and constantly growing sizes and quantities of acquired images have made 

compression a mandatory element of many picture archiving and communication 

systems. The proposed topic concerns the compression of RAW images, i.e. containing 

raw data from the photosensitive matrix of a digital camera. In this topic, we assume that 

the primary color filters of the abovementioned matrix are placed in front of the sensors in 

the so-called Bayer-pattern (RGGB). The PhD student's task will be to modify one or 

several existing lossless image compression algorithms by applying reversible 

transformations constructed using the RDLS method for the RAW images. 

 

2. General description of research topic 

The reversible transforms exploited in lossless compression algorithms while 

performing their basic task (e.g., reducing of correlation of components of color 

images) cause side effects, namely increase the noise contamination of the data 
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being transformed (e.g., by propagating noise between transformed components), 

which in turn worsens the compression ratios. To solve this problem, we proposed a 

method of reversible denoising and lifting steps (RDLS) which, with the help of 

denoising filters, constructs new reversible transform that has a number of 

properties that are interesting from a theoretical and practical standpoint. The new 

transform prevents noise propagation of the original transform while retaining its 

other desirable effects and properties (like the component correlation reduction or 

the transform perfect reversibility). By applying RDLS, we obtain a more general 

transform that may be adapted to the data being processed by selecting denoising 

filters. The method connects domains that until now were separate: the lossless 

compression and irreversible denoising. We have successfully applied RDLS to several 

color space transforms and DWT. It may be applied to any transform that is based on 

so-called lifting steps, also beyond the image compression domain. 

Very good effects of employing RDLS in lossless compression of RAW images can be 

expected. The obvious premise is that RAW images are noisy—RDLS was originally 

proposed for such data. As a result of previous research, among other things, it was 

found that the best effects of RDLS-modified color space transforms were obtained 

for images of characteristics similar to RAW files—for large images in resolutions of 

acquisition devices that were not subject to further processing or processed in a 

minimal extent only. Furthermore, RAW files contain image acquisition parameters 

that can be used for virtually costless adaptive selection of denoising filters (using the 

Detector Precision Characteristic method)—for both the RDLS-modified color space 

transforms and transforms, such as DWT, applied to individual image components. 

Improving the effects of lossless compression of RAW images is important in practice 

because these images are large, lossy compression should not be applied to them, 

and they require efficient storing in devices with limited resources (like a digital 

camera). 

Further reading on issues concerned with the proposed topic: image processing [1], 

image compression algorithms [2-4], DWT and the lifting technique [5,6], color space 

transforms [7-9], RDLS [10-16], techniques (histogram packing and detector precision 

characteristic, etc.) that may be useful for compression of RAW data employing RDLS 

[16-21]. 

 

3. Scientific discipline in which a doctoral dissertation will be prepared 



Proposed dissertation topic for the Joint Doctoral School of the Silesian University of Technology (2024/2025) 
 

 Technical Informatics and Telecommunications / Applied Computer Science 

 

4. Promoter contact details 

PhD, DSc, Assoc. Prof., Roman Starosolski, Department of Algorithmics and Software, 

Faculty of Automatic Control, Electronics and Computer Science (AEiI), Silesian 

University of Technology, Akademicka 16, 44-100 Gliwice, Poland, e-mail: 

Roman.Starosolski@polsl.pl 

 

Bibliography 

[1] W.K. Pratt (2007) Digital image processing: PIKS scientific inside, 4th edn. Wiley, New York, 

https://doi.org/10.1002/0470097434 

[2] D.S. Taubman, M.W. Marcellin (2002) JPEG2000 image compression fundamentals, standards and 

practice. Springer, Boston, https://doi.org/10.1007/978-1-4615-0799-4 

[3] M.J. Weinberger, G. Seroussi, G. Sapiro (2000) The LOCO-I lossless image compression algorithm: 

Principles and standardization into JPEG-LS. IEEE Trans Image Process 9(8):1309-1324, 

https://doi.org/10.1109/83.855427 

[4] R. Starosolski (2007) Simple fast and adaptive lossless image compression algorithm. Softw Pract 

Exp 37:65-91, https://doi.org/10.1002/spe.746 

[5] W. Sweldens (1996) The lifting scheme: a custom-design construction of biorthogonal wavelets. 

Appl Comput Harmon Anal 3:186-200, https://doi.org/10.1006/acha.1996.0015 

[6] I. Daubechies, W. Sweldens (1998) Factoring wavelet transforms into lifting steps. J Fourier Anal 

Appl 4:247-269, https://doi.org/10.1007/BF02476026  

[7] H.S. Malvar, G.J. Sullivan, S. Srinivasan (2008) Lifting-based reversible color transformations for 

image compression. In: Proc SPIE, Applications of Digital Image Processing XXXI 7073:707307, 

https://doi.org/10.1117/12.797091  

[8] R. Starosolski (2014) New simple and efficient color space transformations for lossless image 

compression. J Vis Commun Image Represent 25(5):1056-1063, 

https://doi.org/10.1016/j.jvcir.2014.03.003 

[9] T. Strutz (2013) Multiplierless reversible colour transforms and their automatic selection for 

image data compression. IEEE Trans Circuits Syst Video Technol 23(7):1249-1259, 

https://doi.org/10.1109/TCSVT.2013.2242612 

[10] R. Starosolski (2015) Application of reversible denoising and lifting steps to DWT in lossless JPEG 

2000 for improved bitrates. Signal Process Image Commun 39(A):249-263, 

https://doi.org/10.1016/j.image.2015.09.013 

[11] R. Starosolski (2016) Application of reversible denoising and lifting steps with step skipping to 

color space transforms for improved lossless compression. J Electron Imaging 25(4):043025, 

https://doi.org/10.1117/1.JEI.25.4.043025 



Proposed dissertation topic for the Joint Doctoral School of the Silesian University of Technology (2024/2025) 
 

[12] R. Starosolski (2016) Skipping selected steps of DWT computation in lossless JPEG 2000 for 

improved bitrates. PLOS ONE 11(12):e0168704, https://doi.org/10.1371/journal.pone.0168704 

[13] R. Starosolski (2018) A practical application of skipped steps DWT in JPEG 2000 part 2-compliant 

compressor. CCIS 928:334-48, https://doi.org/10.1007/978-3-319-99987-6_26 

[14] R. Starosolski (2020) Reversible denoising and lifting based color component transformation for 

lossless image compression. Multimed Tools Appl 79:11269–94, https://doi.org/10.1007/s11042-

019-08371-w 

[15] R. Starosolski (2020) Hybrid adaptive lossless image compression based on discrete wavelet 

transform. Entropy 22(7):751, https://doi.org/10.3390/e22070751 

[16] R. Starosolski (2020) Employing new hybrid adaptive wavelet-based transform and histogram 

packing to improve JP3D compression of volumetric medical images. Entropy 22(12):1385, 

https://doi.org/10.3390/e2212138  

[17] T. Bernas, R. Starosolski, R. Wójcicki (2015) Application of detector precision characteristics for 

the denoising of biological micrographs in the wavelet domain. Biomed Signal Process Control 

19:1-13, https://doi.org/10.1016/j.bspc.2015.02.010 

[18] T. Bernas T, R. Starosolski, J.P. Robinson, B. Rajwa (2012) Application of detector precision 

characteristics and histogram packing for compression of biological fluorescence micrographs. 

Comput Methods Programs Biomed 108(2):511-523, 

https://doi.org/10.1016/j.cmpb.2011.03.012 

[19] Starosolski R (2005) Compressing images of sparse histograms. In: Proc SPIE Medical Imaging 

5959:209-217, https://doi.org/10.1117/12.624489 

[20] R. Starosolski (2003) Modified Golomb-Rice codes for lossless compression of medical images. In: 

Proc Int Conf on E-health in Common Europe 

[21] A.J. Pinho (2002) Preprocessing techniques for improving the lossless compression of images with 

quasi-sparse and locally sparse histograms. In: Proc IEEE Int Conf on Multimedia and Expo 

ICME'02 1:633-636, https://doi.org/10.1109/ICME.2002.1035861 


