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=Abstract=

Extended JPEG Progressive Coding for Medical Image
Archiving and Communication

Chang Beom Ahn, Sang Woo Han, and Il Yeon Kim

The international standard for digital compression and coding of continuous-tone still image known
as JPEG (Joint Photographic Experts Group) standard is investigated for medical image archiving and
communication. The JPEG standard has widely been accepted in the areas of electronic image com-
munication, computer graphics, and multimedia applications, however, due to the lossy character of
the JPEG compression its application to the field of medical imaging has been limited. In this paper,
the JPEG standard is investigated for medical image compression with a series of head sections of
magnetic resonance (MR) images (256 and 4096 graylevels, 256 X 256 size). Two types of Huffman cod-
es are employed, i. e., one is optimized to the image statistics to be encoded and the other is a pred-
etermined code, and their coding efficiencies are examined.

From experiments, compression ratios of higher than 15 were obtained for the MR images without
noticeable distortion. Error signal in the reconstructed images by the JPEG standard appears close to
random noise. Compared to existing full-frame bit-allocation technique used for radiological image
compression, the JPEG standard achieves higher compression with less Gibb’s artifact. Feature of the
progressive image build-up of the JPEG progressive coding may be useful in remote diognosis when
data is transmitted through slow public communication channel.
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Fig. 1. A simplified block diagram of DCT-based JPEG encod-
er and decoder.
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Table 1. A quantization table for luminance component based
on the psychovisual thresholding.
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16 11 10 16 24 40 51 61
12 12 14 19 26 58 60 55
14 13 16 24 40 57 69 56
14 17 22 29 51 87 80 62
18 22 37 56 68 109 103 77
24 35 55 64 81 104 113 92
49 64 78 87 103 121 120 101
72 92 95 98 112 100 103 99
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Fig. 2. Three stages of reconstructed images by the extended
JPEG progressive coding are shown. The images are reconstruc-
ted with quantized DCT coefficients up to 4(a), 16(b), and 64
(c), respectively. Original image is also shown in (d).
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Fig. 3. Error images of the JPEG-compressed images shown
in Fig. 2. Error image is defined by the differences between orig-
inal image and reconstructed image multiplied by a factor of 5 for
better visualization.
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Table 2. Compression ratios (CR) and peak signal-to-noise
ration (PSNR) for the reconstructed images(Fig. 2) by the
JPEG DCT-based progressive coding are shown. The com-
pression ratios are evaluated for the optimized Huffman colde
H.) and a predetermined Huffman code (P.H.), respectively.

A | M Fw< | PSNRIAB] |'CR(O.H) | CR(P.H)
1 4 2.5 339 34.1
2 16 28.0 174 17.4
3 64 30.0 154 15.2

g 4. &EH|E 8 2 5to] &3 JPEG 22 EE F AT
Bt HME (a0t DX HAE (D). (a) HHALE o) FrL¥]1=408.
(b) A5 of Fgv=356. (¢) HAAEN FE¥)=352. ¥
AgE F&u]o A3l HAE of F-FHs Gakel de) ki
ch2A viephd

Fig. 4. Three compressed MR images of head sections with
compression ratio of 8 are shown in (a)-(c) by the extended
JPEG. Corresponding error images are also shown in (d)-(f).
The peak signal-to-noise ratios for the reconstructed images are:
(a) PSNR=40.8, (b) PSNR=35.6, and (c¢) PSNR=35.2. Note
that the peak signal-to-noise ratios are varying depending on the
complexity of the images.
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Fig. 5. Three compressed MR images by the extended JPEG
with compression ratio of 16 are shown in (a)-(c). Correspond-
ing error images are also shown in (d)-(f). The peak
signal-to-noise ratios for the recomstructed images are: (a)
PSNR=36.9, (b) PSNR=31.5, and {c) PSNR=30.9.
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E 3. 1632 8hits/pixel Y 12bits/pixel 2 ALY | 2H FAS0Me] BF FHM S Of Z2H ! T 24|
Table 3. Average compression ratios and peak signal-to-noise ratios for the 16 slices of MR images with 8bits/pixel and 12

bits/ pixel precisions.

Rl 8 bitspiel ‘ Fo 12 bits/pixel -
| A st | PSNRavgldB] |- CRavg(OH) | CRavg(BH) | PSNRavg[dB] |' CRavg(OH) | :CRavg(PH)
1 4 24.0 39.2 379 27.6 51.2 50.6
2 16 29.6 212 20.8 32.6 27.5 273
3 64 315 19.3 18.7 34.8 243 23.8
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(c) A=At 21934 (d) B4 JPEG L3134

Fig. 6. Compressed images by the full frame bit allocation
technique and extended JPEG standard are shown with com-
pression ratio of 8 (a) Compressed image by the FFBA.
PSNR=31.7. (b) Compressed image by the JPEG. PSNR=35.2.
(c) Error image of the FFBA. (d) Error image of the JPEG.
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£ 9% 9 gk Algedake g A48 8 bits/pixel ¥ 12
bits/pixel2] ®A}7] 34 @3 AAHE (M2 HE-, transac-
tional view, 256 X 256, 16 slices)ol] 4] 158 o]AFe] S0
A A2 gFe] gl FAES 95 5 g} B4 JPEG
HR A Bel g Azl o MAshy 27437
W Foll AfSer) m8] Jdyk FE-S B3 G4 BA Y
HAA D #2314 AEE 5 o) 71E9 A ZH Y v
= @ Ao vlsted JPEGE At o 38 oA
T o 318} ¢F5u]E A& = 9l o] Gibb's artifact =
A 2 el JPEG ol 9lo)A] B2 artifact & 9FA}

ag 7. Mzl HIE T AL HY PEG 22 Y5
B F A AE HaE(ab). gHule FodAl B 1622
FAART AedA}e ¢ o d of Yehi ek (a) AZA LS,
FAAE o i-5u]=278, (b) &3 JPEG, AH4lE o 34w
=309 (c) AZAYtF 22144 (d) 3 IPEG 22434
WA o2 Axddd 5oz &Y GddA el 24
velnd a7, Gibb's artifact & FZ o},

Fig. 7. Compressed images by the full frame bit allocation
technique and extended JPEG are shown with the compression
ratio of 16. (a) Compressed image by the FFBA. PSNR=27.8.
(b) Compressed image by the JPEG. PSNR=30.9. (c) Frror im-
age of the FFBA. (d) Error image of the JPEG. For the same
compression ratio, the reconstructed image of the FFBA tech-
nique appears much noisy compared to that of the JPEG. Gibb's
artifact is also more evidenl in the compressed image by the
FFBA technique.
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