Quality of chest X-ray images compressed using algorhytms JPEG and JPEG2000
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Background: For teleradiology routine X-ray images must be digitized with very high resolution and sent as purely digital files with no quality loss during transmission. The aim of this paper is to compare the quality of digitized chest X-ray images with digitally captured chest X-ray images in children, compressed using popular JPEG and JPEG2000 compression algorithms.

Material: Eight upright posteroanterior chest X-ray images were selected for study: four images  were photographed using digital camera, and four images were digitaly captured (Fig 1a-1d). 
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(a)  Normal finding 




(b)TB: Infiltration, cavities
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(c) TB: Infiltration, cavities, limphadenopathy 


(d) TB: Infiltration

Figure 1. Chest X-rays of one healthy child (a) and three children with tuberculosis (b-d)

Each X-ray image was compressed with six different compression degrees (3 bpp, 1.5 bpp, 1 bpp, 0.7 bpp, 0.5 bpp, 0.3 bpp, using JPEG and JPEG2000 algorhytms. Quality of compressed images was evaluated subjectively and by determination of objective measures: SNR, PSNR and MSE.

The original illustrations (Figures 1a-1d) and all of the compressed ones were sent to six phisicians (radiologist, pulmologists and pediatricians), who were asked to compare the compressed images with the original ones and to evaluate the former as excellent (the same quality as original image; unchanged; very high resolution), good or somewhat blurred (slightly modified), or “completely useless” (complete image decomposition; loss of relevant information).  

The objective evaluation was performed on the images before and after transmission and by using a software for image analysis that can determine signal-to-noise-ratio (SNR), peak-signal-to-noise-factor (PSNR), mean squared error (MSE) and optimized quality factor (OQF).

Results: According to physician's subjective evaluation both JPEG and JPEG2000 compression for all X-ray digitized images (all radiologically relevant attributes) were accepted as excellent/unchanged (table 1).
Table 1. Subjective evaluation of images at different JPEG and JPEG2000 compressions
	Reviewer
	3.0 to 0.3 bpp

	1
	excellent

	2
	excellent

	3
	excellent

	4
	unchanged

	5
	excellent

	6
	unchanged


PSNR and SNR values in digitaly captured images were lower than PSNR and SNR values in photographed/digitized images (Fig.2) in both JPEG and JPEG2000 compression, respectively. There were no statistically significant difference between PSNR values in JPEG and JPEG2000 (Fig. 3)¸(p>0.05).
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Figure 2. PSNR (mean values) for all eight X-ray images according to JPEG (a) and JPEG200 (b) compression. (Photo - photographed images; Digit - digitally captured images).
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Figure 3. PSNR (mean values) for all photographed and digitaly captured images according to JPEG and JPEG200-compression
PSNR values in JPEG compression were directly proportional to OQF, and inversely proportional to MSE. In JPEG2000, PSNR correlated to decoded bitrate.  
Conclusion

To produce test chest X-ray images two different image system compression algorithms were used: JPEG and JPEG2000. Our results indicate that both JPEG and JPEG2000 compressed chest X-ray images from the Canon Power Shot S45 camera allow readings of sufficient (excellent) quality for the diagnosis of tuberculosis (as good as digitally captured images). 

Since there were no statistically significant difference between PSNR values in JPEG and JPEG2000 (p>0.05) both compression algorithms can be used for store-and-forward chest X-ray teleradiology. The National Electrical Manufacturers Association (NEMA) has added the JPEG2000 standard to the Digital Imaging and Communications in Medicine (DICOM) standard for compressing medical images. The DICOM Standards Committee creates international standards for the communication of diagnostic and therapeutic information in medical disciplines that use digital images. Since we tend to standardization in teleradiology we consider that JPEG2000 algorithm should be implemented in Croatia as well.
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