Compression of Color Skin Tumor Images
with Vector Quantization

he many different imaging modalities schemes was rated equal to or better than

uged in_ medicine, combined with digi- Ly GUO, Scott Umbuugh, Yue (heng the JPEG f(_)r 19 out of 66 images. The
tal imaging computer systems being De SNRs of their compression schemes range
widely available, and the advent of from 17 dB to 25 dB.
telemedicine have created the need fo For this research we wanted to extend
new image compression methods. Evel the compression schemes to include the
well-established imaging modalities suchtion. As shown in Fig. 1, the tumor area isdiscrete cosine transform (DCT) and re-
as X-rays and ultrasound are increasinglynost pertinent for a dermatologist, and thesolve some of the issues caused by prepro-
being processed and stored in a digital forpattern of the skin around the tumor is arcessing with the PCT. Also, since we were
mat. If we need to keep multiple copies inimportant reference, while the black edgemore interested in comparing the wavelet
different sites, or need to transfer thesatthe bottom and the ruler are not of interto the DCT, comparisons to older com-
images from site to site through theest. pression algorithms were not included.
Internet or certain physical channels, the There is a trade off between the com- .
need for high-performance compressiompression ratio and the compression qual- Methodology and qullpmenl
algorithms to reduce storage and transity. Normally, the higher the compression )
mission costs is evident [1]. ratio, the lower compression quality it will Equipment and Development

This research discussed in this articlée. The compression quality can be also Environment _
was implemented for compression of a seaffected by other factors. For example, The code written for this research is
of skin tumor images, building on previ- color shifting, which is troublesome from Part of an Image-processing software
ous work [1-5]. One goal of thisworkis to a dermatologist's perspective, can bdackage, CVIPtools, which was devel-
develop a tool that will be useful as a phy-caused by quantization when using th@ped under the Solaris version of Unix
sician’s aid and in mass screening in setprincipal components transform (PCT);[7]- The algorithms were |mplementeql n
tings such as shopping malls or nursindosing contrast during compression can b@nsi C, and the user interface was written
homes. As aresult, a relatively large dataenhanced by the histogram stretchind? T¢l/Tk 8.0. The subjective tests were
base consisting of more than 1000 digitatechniques. carried out under the Windows98 envi-
skin tumor images has been established Previous research in image comprestonment, usinganimage viewer writtenin
for the purpose of developing and testingsion for skin tumor images using a combi-the Tcl/Tk 8.0 and some DOS batch pro-
the analysis tool. Each original image hasation of the wavelet transform and vectocess files. To do the subjective evaluation
a spatial resolution of 518 512 pixels, quantization (WVQ) [1] designed three©f the compressed images, a compressed
24-bit magnitude (8 bits for each band)compressions schemes, which perfornmage and the original one were displayed
and occupies 786 kB of storage space. Vector quantization in the wavelet trans-Side by side on a 17-in Sony monitor, with

form domain. The PCT was used as a prel024x 768 pixels and true-color (24 bits
Overview processing step in one of the threeer pixel) display mode.

There are two important points to beschemes.
considered for designing the compression The compression algorithms gave Compression SchemeS
schemes: 1) compression ratio and 2fairly good compression results. They Preprocessing, Compression, and
compression quality. performed both an objective test (SNRs) _ Postprocessing Algorithms

For the compression ratio, to meet dif-and a subjective test, and made compari- 10 meet different requirements, four
ferent possible requirements, four comsons with the joint photographic expertscompression ratios were designed (4:1,
pression ratios were designed: 4:1, 8:1group (JPEG) and the color cell compres8:1, 14:1, and 20:1). The compression ra-
14:1, and 20:1. For the compression qualsion (CCC) algorithms [6]. According to tios at 4:1 and 8:1 are designed to give
ity, the compression schemes aimed ahe subjective tests, two of their threeNigh compression quality with relatively
keeping as much of the pertinent informa-compression schemes were rated equal W compression ratios, while 14:1 and
tion in a skin tumor image as possible, andr better than the CCC compressior?0:1 are designed to offer relatively high
coarsely compressing the information noscheme. Although the JPEG was rated a@ompression ratios with acceptable com-
significant for a dermatologist's evalua-the best one, one of their compressioression quality.
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For each compression ratio, the com- were used in this research, as shown in
pression was performed in both the DCT (L - 1)2 Fig. 5. We can see most of the important
domain and the discrete wavelet transSNRy,) = 10xlogyg 1 information is keptin the L-L band, which

form (DWT) domain. And for each do-
main, two schemes were designed—with
the PCT as a preprocessing step or without

*z:jzl(xk = X )2

is the top-left quarter [1].
Figure 6 shows the wavelet trans-
formed image for a skin tumor image

the PCT. The histogram stretching wagvherex, are original pixel values, and,  327n.ppm (log remapped for display pur-

used as a postprocessing step for eadhe the decompressed pixel values.  poses).
compression scheme. So, all together, .
4(compression ratiosx 2(domains)x comPI'GSSlO“ Schemes The Discrete Cosine Transform (DCT)

2(with or without the PCT) = 16 compres- The DCT is a transformation based on co-
sion schemes that were designed. Preprocess sine functions, which can transform an
Vector quantization was used to codel he Principal Components Transform  image from the spatial domain to the spec-
the transformed images. Bit allocation for(PCT) tral domain [7]. In the transformed image,
the vector quantization was based largelyf he 24-bit color skin tumor images usedhe frequencies increase from left top cor-
on heuristics and on trial error, althoughin this research are composed of thre@er to right bottom corner. Normally, for a
the “optimal” bit allocation rule is used as color bands—red, green, and blue. Figurekin tumor image, most of the important
a general guideline [8, 9]. The algorithm3 shows each color band of skin tumor im-nformation exists in the left top area,
of finding an optimized codebook is de-age 327n.ppm. There exist additional rewhich is the low-frequencies area.
scribed in a later section. Figure 2 shows$lundanciesin such colorimages, sincethe Figure 7 shows the DCT transformed
the flowchart of the compression processcolor bands tend to be highly correlatedimage (log remapped). We can see the left
The decompression process basically folUsing the PCT as a preprocessing techop area is brighter than the right bottom
lows the inverse sequence of the compreglique aimed at removing such redundanarea, due to more energy in low frequen-

sion process. cies among color bands, known as amjes.
eigenvector transform, the PCT can map
Subjective Evaluation most of the information in R (red), G Compression —
of the Images (green), and B (blue) bands into the prin- Vector Quantization

The decompressed images were evalgipal band. Since the R band is typically Vector quantization uses a set of
ated by three graduate students majorinthe first band in an image file, after thesubimages to represent the image. For ex-
in electrical engineering, two image pro-PCT is performed most of the informationample, given a 256 by 256 gray-scale im-
cessing professors, and one dermatolds contained inthe R band. This is becausage, we can represent it with a group of 4
gist. They were asked to grade accordintpere we adopted the method that the Ry 4 subimages. To represent the image,
to the grading scale used to evaluate theand is the first band in the image file, andye will have (256/4)x (256/4) = 4096
quality of analog television signals [10]. respectively, the G band and the B banglocks to quantize. If we have 64 such 4 by
This scale grades picture impairment on are the second and third band in the image subimages as codebook, 6 bits will be
scale from 1 to 6, as shown in Table 1. file. required for quantizing each block. And if

Toeliminate bias, the evaluationswere  Figure 4 shows each band of skin tueach subimage needs 48 = 128 bits to
performed blindly; i.e., observers weremorimage 327n.ppm after the PCT transgiore. we will need 4098 6 + 128x 64 =
not informed as to which compressionformation. 32768 bits (4096 bytes) to store the whole
scheme had been applied to an image. image, including the codebook.
Each decompressed image and the origFhe Discrete Wavelet Transform (DWT)Compared ¢ a 8 bits/pixel scalar
nal image were shown side by side. Obwavelet transforms can be described as guantization, which requires 256256 =
servers were allowed to examine theransform that has basis functions that args536 bytes, we have a compression ratio
decompressed images from any desirehifted and expanded versions of themat 16:1. If we do not save the codebook

distance. selves. Because of th|S, the wavelet tran%long with the Compressed data, we can
biecti form contains not just frequency have a higher compression ratio, which is
Objective Measurement information but also spatial information. around 21.3:1 [7].
of the Images To perform a 2-D wavelet transform on an

The quality of the decompressed iMmimage, one lowpass filter and onecodebook Design

ages was also measured by computing thgghpass fiter are required. At each stagfinimizing the average distortion is very

SNRs [7]. The SNR for each image s cal-of decomposition, we perform circular gificult for a random sequence such as an

;hgee;nglnal and the decompressed iMyectors along the row and column direcynethod to achieve minimum distortion,

: tions, and then decimate both the rows ang ;i i i

_ Foradigital image, which hdslevel - columns by two. This is done by eIiminat-$lyTi|§2|;§2tEri %?g;::?:ddtgzgﬁé ﬁ,r[ijﬂ

in each band, the SNR between the origiyg every other sample. Buzo, Cray (LBG) algorithm [8], g

fr)al (zjand t;e. decompressed image is de-"ag the skin tumor images are 5% authors who developed it for the vector

ined as [7]: 512 pixels, the wavelet decompositionquantization, the training sequences, and
levels can range from 1 to 9. Consideringhe general distortion measures. The LBG
the vector sets will be used for quantizingalgorithm and other iterative codebook
each subimage, three decompositiondesign do not, in general, yield truly opti-
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mum codes. Subject to certain conditionsgivided into ten subimages, which is Postprocess
the LBG algorithm will yield locally opti- shown in Fig. 10 and Table 3. All to- Histogram Stretching
mum quantizers, but in general, there magether, 30 subimages were used, and eattistogram stretching is a very popular

be many locally optimum codes, andof them is a gray-scale image. histogram modification technique used in

some will yield poor performance [8]. image enhancement for gray-level im-
The LBG algorithm may be improved The Design of the Vector Sizes and ages. For an 8 bits/pixel gray-scale image,

by the choice of a good initial codebook,Codebook Sizes normally we have 256 gray levels avail-

or by trying it on several different initial The vector sizes and the codebook sizeable for each pixel [7]. If the gray levels of
codebooks. Two basic approaches to thdirectly determine the compression ratidhe interesting part of an image, or the
design of an initial codebook have beerand the compression quality. For a spewhole image, are spread out over a small
developed: one can start with a simplecific subimage, the vector sizes are derange, which is also called low contrast,
codebook of correct size, or one can starfined by two factors: the vector width andhuman eyes may not see the patternsinthe
with a small codebook size and recurthe vector height, and the codebook sizémage well [7]. After the histogram is

sively enlarge it [11]. defines how many vectors will be saved instretched, we can getthe improved result.
the codebook [11].
The Design of the Vector Sets Normally, with the same vector size, Histogram Stretching with Clipping

In this research, the vector quantizatiorthe larger the codebook size is, the bettgFor some images, although there are some
was performed in the DCT and the DWTthe compression quality that can bedark pixels with gray values around 0 and
domain. As for the DCT, most of the in- achieved. As all the data saved inthe comsome bright pixels with gray values
formation of an image exists in theputer are represented by bits, normally around 255, most of the other pixels only
low-frequency part of the transformed im-power of 2 was chose as a codebook sizepread out in a narrow range [7].
age. For the DWT transformation, threeWith the same codebook size, the larger For such animage we can not perform
decomposition levels were used, and moghe vector sizes, the larger the space réhe histogram stretching directly to en-
of the information also exists in the quired to store the whole codebook, andiance the contrast, but we can enhance
low-frequency bands. To achieve goodhlso the encoding speed will be muchsuch animage by atechnique called histo-
compression quality while getting a highslower. So relatively small vector sizesgram stretching with clipping. The histo-
compression ratio, a transformed imagend proper codebook sizes were chosegram stretching with clipping is done by
was divided into several subimages acaccording to the required compression raelipping some of the pixels at the high end
cording to frequencies. Those subimagetos and compression quality [11]. and low end of the histogram, and stretch-
located in the low-frequency part were As most of the important information ing the other pixels, which should be most
more precisely compressed, which keepis located in the low-frequency area, forof original pixels, from O to 255. Figure 11
as much of the information as possiblethose compression schemes with comshow how this technique works.
And for those subimages located in thepression ratio at 4:1 and 8:1, subimage 1 Itwas found thatthe decompressedim-
high-frequency area, they were morevas specially quantized by vector(s) withages always showed a poorer contrast,
coarsely compressed to reduce the size diie same sizes as the subimage; that ispmpared to the original images. Also,
compressed data. those subimages were only scalathere are always just a few pixels in each
Algorithms were developed with and quantized pixel by pixel [7]. For the colorband atthe top end or the bottom end
without using the PCT in both the DCT schemes with compression ratio at 14:Df the histogram. Figure 12 shows one of
and the DWT domains. Without the PCTand 20:1, to achieve a high compressiothe decompressed images (327n.ppm,
as a preprocessing step, identical conratio, subimage 1 (for schemes withoutcompressed in the DCT domain, 8:1)
pression was performed throughout the Rthe PCT), or subimage 1, 11, and 21 (fowithout any postprocessing steps, and its
G, B bands in each subimage. In otheschemes with the PCT), were preciseljhistogram distribution. We can see there
words, each a subimage was treated asva&ctor quantized so that not much infor4s some contrast lost in the decompressed
small colorimage, and the same codeboofnation there was lost. image.
was used for all three bands. So for the In designing the vector sizes for high  Thisresearch performed the histogram
compression schemes without the PCT asompression ratios, some subimages iatretching with clipping as a postprocess-
a preprocessing step, each transformeithe high frequency area, especially thoség step on each color band. 0.25% of alll
image was divided into ten subimagesinthe G and B bands (for schemes with théhe pixels in each band were clipped at
which is shown in Fig. 9 and Table 2. PCT as a preprocessing step), werboth the top end and the bottom end of the
For those compression schemes witljuantized with a codebook size of 0; thahistogram. Figure 13 shows the decom-
the PCT as a preprocessing step, as thig, those subimages were totally dispressedimage after such a postprocessing
PCT transforms most of the informationcarded. As such, subimages located istep as well as its histogram distribution.
in three bands onto the R band, which wakigh-frequency area are relatively largeWe can see that the contrast of the decom-
the principal band, the R band should beand discarding such subimages capressedimage after such a postprocessing
compressed more precisely to keep agreatly increase the compression ratiostep looks better.
much information as possible, and the GConsidering that the human visual system The SNRs of the decompressed image
and B bands may be compressed moris not sensitive to such high-frequency inwithout postprocessing, shown in Fig. 12,
coarsely. So different vector sets were deformation, discarding this information did is 22.2 dB, while the SNR of the decom-
signed for R, G, and B band for eachnot reduce the compression quality muclpressed image after the postprocessing
subimage. As a result, each of the R, G[7]. step, shown in Fig. 13, is 30.5 dB. Re-
and B bands in the transformed image was
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search showed such a postprocessing stéps shown that both the professionals anéchieve a high compression ratio while

can enhance the SNRs by 5~8 dB. students ranked the DCT with the PCT akeeping as much information as possible
apreprocessing step as the worst one. Thg/ mapping most of the information in
Results and Analyses professionals ranked the DCT as the beshree color bands into the principal band.

In this research, both subjective and®ne, while the students ranked the DWTin both the subjective evaluation and the
objective tests were performed for all thewith the PCT as a preprocessing step aghjective tests, we can see that the two
compression schemes. Sixty-five skin tuthe best one, which is ranked by professchemes with the PCT as a preprocessing

mor images were used in the tests. sionals as the third best one. Similar to th%tep show the two best qualities. The DCT
evaluations for 4:1, the difference amongyith the PCT as a preprocessing step is
Results and Analyses for the the four schemes is not significant, butthg ;ned around 0.6 of a grade better than

Schemes with Compression Ratio 4:1 professionals ranked the images aroung,, pcT by the subjective evaluations
Figure 14 shows the subjective evalua0.6 of agrade worse than the students did,y jt sho\s 0.7 dB higher than the DCT
fontr e compressn s a 41 e bty s S\ o e T s
is shown that the compression quali , - -
among the four schemes is very simi-DWT with the PCT as a preprocessing’ reipargges;ltrégr frt]zalfhr: rg\?vql_akr)oiangbcif
lar—the best is just around 0.45 bettestep are thoughtto be the best two, and th® gt' luati d it sh y L4dB
than the worst, but overall the professionDCT withthe PCT as a preprocessing Stehe.c rl]ve iva uz |0£\7\,/_? ) INSR ows - -
als ranked the images one grade loweis thought to be the worst one. 'gher than the In SNRs tests. Fig-
than the students did. Figure 18 shows the objective mea-Ur€ 22 shows the 327n.ppm Image com-
The professionals ranked the DWT asurements (SNRs). The DWT with thePressed with the schemes at 14:1.
the best one, and the DCT with the PCT a®CT as a preprocessing step showed th
a preprocessing step as the worst one. Ifighest SNR, while the DWT, which was
consistently, students ranked the DCT aganked as the second best by the profes- _. o
the best or?/e while the DWT, which wassionals, shows the lowest SNé/z. Simri)lar to. Figure 23 shows th? subjective evalug-
ranked as the best one by professionals, dke subjective evaluations, the averagd®"s forthe compression schemes at20:1.
the worst one. As both the professionalSNRs of the four schemes do not differ! '@ Professionals ranked the DCT with
and the students gave good evaluations f@uch, and the highestis only around 1 dgN€ PCT as a preprocessing step as the best
the DCT, the DCT is thought to be the beshigher than the lowest one. And since th@N€, While the students ranked the DWT
one, and the DCT with the PCT as a prestandard deviations are similar, it can baVith the PCT as a preprocessing step as
processing step is thought to be the worszoncluded that no significant difference isthe best one. But both of them ranked the
one, and the difference between them ifound by this measure. As the compresDCT as the worst one because of the bad
only 0.3 of a grade. sion ratio (8:1) is still relatively low, the color shifts, more than one grade worse
Figure 15 shows the objective mea-advantage of performing the PCT as a prethan the other three schemes. We can see
surements (SNRs). We can see that therocessing step still was not obvious. Figthe compression quality among the four
DWT and the DCT show the two highesture 19 shows the 327n.ppm imageschemes at 20:1 spread out in a relatively

Results and Analyses for the Schemes
with Compression Ratio 20:1

SNRs, and the DCT with the PCT as a precompressed at 8:1. large ranggél the DCT with the PCT as a
processing step shows the lowest one, preprocessing step maintained most of the
which is consistent with the profession- Results and Analyses for the Schemes jnformation and produced acceptable
als’ evaluation. Similar to the subjective ~ With Compression Ratio 14:1 compression quality, while the DCT

evaluation, the difference among the Figure 20 shows the subjective evaluagysed unacceptable color shifts and the
SNRs of the four schemes is not obvioustions for the compression schemes at 14: 1., nression quality is much worse.

and the highest average is only 2.9 dBlhe professionals and students gave con- Figure 24 shows the objective mea-
higher than the lowest one. sistent evaluations among the four

- - _ . surements (SNRs). Consistent to the sub-
As the compression ratio (4:1) is rela-Schemes. Both ranked the DCT with thggctive evaluations, the DCT with the PCT
tively low, all the R, G, and B bands did PCT as a preprocessing step as the best : :
. : ' preprocessing step and the DWT with the
not lose much information during the ©N€, and the DWT as the worst one : :
. g ECT preprocessing step show the highest
compression. So the advantage of peround one grade worse than the best one.

: : i he difference of the compression qualityW© SNRs, and the DCT shows the lowest
forming the PCT as a preprocessing step € pr q 'SNR d6dB I than the oth
was not obvious. If the vector sizes and®Mong the four compression schemes iSNR, aroun ower than the other
codebook sizes used in the schemes witflore obvious than with the 4:1 and g:15¢hemes. - . .
the PCT as a preprocessing step can be ofompression schemes. . #As 20:1is the highest compression ra-
timized more, the compression quality Figure 21 shows the objective meadiointhis research, the adv_antage ofusmg
may be enhanced to be a bit better thagurements (SNRs). Consistent with subthe PCT as a preprocessing step is very
those schemes without the PCT. Figure 1gctive evaluation, the DCT shows theObvious. As we have seen, the DCT with-
shows the 327n.ppm image compressed &ighest SNR, and the DWT showed theout the PCT as a preprocessing step
4:1. lowest, which is around 1.9 dB lower thanshowed very bad color shift, while the

the highest. DCT withthe PCT as a preprocessing step

Results and Analyses for the As the compression ratio (14:1) is rela-is ranked by the professionals as the best
Schemes with Compression Ratio 8:1 tively high, more information in each one and showed the highest SNR. Figure

Figure 17 shows the subjective evaluacolor band was lost during compression25 shows the 327n.ppm image com-
tions for the compression schemes at 8:IThe PCT did provide a good way to pressed at 20:1.
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Comprehensive Analysis of ratios can be achieved by using a less-pretoes not look clear to human visual
the Four Compression Ratios cise data type to save the codebook, sucdystem [7]. Further research can be inves-
Figure 26 and Fig. 27 show both theas the byte data type, which uses 1 byte ttgated for this problem. One of the possi-
professionals’ and students’ subjectivestore each number. If the codebook ible methods is to perform an “adaptive
evaluations of the four schemes alongaved as byte type, the compression quatiipping,” which is to adjust the amount of
with the compression ratios. For the curvety will not be changed much, while the the pixels to be clipped according to the
of the DWT, we can see that the compressizes of the codebooks will be reducedspecific histogram of an image. Such a
sion ratio of 14:1 even showed worsemuch. Such animprovement can enhancmethod was not investigated in this re-
evaluations than 20:1. We believe the reathe compression ratio 1.5~2.5 timessearch.
son for this is that when the evaluatorshigher, while keeping the compression There may be many possible enhance-
were grading the 20:1 compressed imguality almost the same. This is becausenent methods for this research, but by op-
ages, compared to the other compressiasually the data range of the byte can adimizing the vector sizes and codebook
schemes that showed relatively low qualcommodate the data range of most of theizes, the preprocessing techniques, and
ity, evaluation for the DWT was psycho- transformed images. Thus, we can remathe postprocessing techniques are the
logically biased. At the compression ratiothe float data type of the codebook (aftethree primary areas for further enhance-
of 4:1, all four compression schemeshe transforms) into the byte data type bements.
showed similar compression quality, butfore saving the codebook. Also with vec-
as the compression ratio goes higher anr quantization in the DCT domain, and Acknowledgments
higher, the compression qualities amongising byte data type, we can further im-  This research was funded in part by
the four schemes are more and more difprove the compression quality by remov-SIUE FUR Grantnumber F-EN927, SIUE
ferent, and using the PCT as a preprocesiag the DC term before doing the FUR Grant number 2-79433, and NIH
ing step shows more and moretransform and keeping the DC term sepaSBIR Grant number
enhancement in the compression qualitytately in the compressed image file. This2-R44-CA60294-02A2 by Stoecker &
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step, but at 20:1, the DCT with PCT as ahe data precision when remapping the
preprocessing step shows much betteffoat data type into the byte data type. PLEASE SUPPLY BIOS AND AD-
compression quality than the DCT. The color shiftis a problem for this re- DRESS FOR CORRESPONDENCE
Figure 28 shows the SNRs of the foursearch. Here, compression was performed
schemes along the compression ratiosn a group of skin tumor images, and any
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Table 1. Subjective Measurement Scales 13. (@) The decompressed image of
327n.ppm after postprocessing. (b) The
Grades Comments histogram distribution of the decom-
1 Imperceptible impairment pressed_image of 327n.ppm after post-
processing.
2 Just perceptible impairment 14. The subjective evaluation for the
. . . compression schemes at 4:1.
3 Perceptible but not disturbing 15. The objective measurement for the
4 Somewhat objectionable impairment compression schemes at 4:1.
5 Definitely objectionable impairment tthé g\avé%ld:)nrrtgﬁ D(S)T 4(:15 T:\atlr?e (S)Cflr%jén
6 Extremely objectionable impairment main with the PCT preprocess. (d) 4:1
in the DWT domain with the PCT
preprocess
Commun,vol. 28, no. 1(PAGE NUMBERS?)  University of Missouri — Rolla. UMI Dissertation 17. The subjective evaluation for the
1980. Services. Ann Arbor, MI, 1990. compression schemes at 8:1.

9. M. Antonini, M. Barlaud, P. Mathieu P, and I. 21. J. Wodds and S. O'Neil, “Subband coding of18. The objective measurement for the
Daubechies, “Image coding using wavelet transimages’ |[EEE Trans. Acoust., Speech, Signalcompression schemes at 8:1.
form,” IEEE Trans. Image Processingpl. 1, no.  Processingvol. 34, (PAGE NUMBERS?) Oct.  19. (a) 8:1 in the DCT domain. (b) 8:1in

2, (PAGE NUMBERS?) 1992. 1986. the DWT domain. (c). 8:1 in the DCT
10. L.S. Golding, “Quality assessment of digital domain with the PCT preprocess. (d)
television signals,"SMPTE J.vol. 87, pp. 1. A skin tumorimage, 327n.ppm. 8:1 in the DWT domain with the PCT
153-157, 1978. 2. Flowchart of performing the com- preprocess.

11. A. Kjoelen, “Wavelet based compression ofPression. 20. The subjective evaluation for the
color skin tumor images,” M.S. Thesis, Southern3. (2) The original image of 327n.ppm. compression schemes at 14:1.

lllinois University, Edwardsville, 1995. (b) The R band of 327n.ppm. (c) The G 21. The objective measurement for the
12. C. Aleman, “Still picture image coding basedband of 327n.ppm. (d) The B band of compression schemes at 14:1.

on Waveletan_d V(_ectorq_uanti_zation,”M.S. Th_esis,327n,ppm, 22.(a) 14:1 in the DCT domain. (b) 14:1
Southern lllinois University, Edwardsville 4. (a) The “R” band (the principal band) i the DWT domain. (c) 14:1 in the DCT
(DATE?) of the PCT transformed image of domain with the PCT preprocess. (d)
13. K.R. CastlemarDigital Image Processing 327n.ppm. (b) The G band of the PCT  14:1 in the DWT domain with the PCT
Englewood Cliffs, NJ: Prentice Hall, 1998. transformed image of 327n.ppm. (c) The preprocess.

14. C. Chui,An Introduction to WaveletsSan B band of the PCT transformed image 23, The subjective evaluation for the
Diego, CA: Academic Press, 1992. of 327n.ppm. compression schemes at 20:1.

15. R. Gonzalez and R. WoodBjgital Image 5. Decompositions of the wavelet trans- 24 The objective measurement for the
Processing Reading, MA: Addison-Wesley, form. compression schemes at 20:1.

1992. 6. The DWT transformed image for skin 25, (@). 20:1 in the DCT domain. (b) 20:1
16. P. Heckbert, “Color image quantization fortumor image 327n.ppm. in the DWT domain. (c) 20:1 in the DCT

frame buffer display,"Computer Graphicsyol. 7. The DCT transformed image of PR
16, no. 3, pp. 297-304, 1983, 9 domain with the PCT preprocess. (d)

“ _ - 327n.ppm. _ 20:1 in the DWT domain with the PCT
17.S.A. Mallat_ _Theory for multiresolution Sig- 8. Flowchart for the codebook design. preprocess.
nal decomposition: the wavelet fepresentatlon,gl Subimages design for the compression 2g. pProfessionals’ subjective evaluation
IlElEIrfOTr7anls§8I;attern Ana. Machine Intellol. schemes without the PCT. for four compression ratios.
18, 3.0, Murray and W. V. Encycloped 10. Subimages design for the compres- 27, Students’ subjective evaluation for
¢ G .h'urrag_lan': ' ?n[)ngAr_;_%cNo;z)eFm sion schemes with the PCT. four compression ratios.
ot Brapnics e f ormatg . 11. lllustration of histogram stretching 28. The SNRs of the four compression
PUBLISHER?): O'Reilly & Associates Inc., . - :
1994 with clipping. ratios.
! - ) 12. (a) The decompressed image of
19. W.K. Pratt,Digital Image ProcessingNew . ;
York: Wiley, 1991. 327n.ppm without postprocessing. (b) CALL-OUTS

The histogram distribution of the de-

20. S.E. Umbaugh, “Computer vision in medi—Com ressed image of 327n.ppm without
cine: color metrics and image segmentation meth- p 9 PP

ods for skin cancer diagnosis,” Ph_D_apostprocessmg step.
Dissertation, Electrical Engineering Department,

The decompressed images were evalu-
ated by three graduate students majoring
in electrical engineering, two image pro-

Table 2. Sizes of 10 Subimages
Subimage 1 2 3 4 5 6 7 8 9 10
Width 64 64 64 64 128 128 128 256 256 256
Height 64 64 64 64 128 128 128 256 256 256
Number of Bands | 3 3 3 3 3 3 3 3 3 3
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Table 3. Sizes of 30 Subimages

Subimage 1 2 3 4 5 6 7 8 9 10
Width 64 64 64 64 128 128 128 256 256 256
Height 64 64 64 64 128 128 128 256 256 256
Number of bands 1 1 1 1 1 1 1 1 1 1
Subimage 11 12 13 14 15 16 17 18 19 20
Width 64 64 64 64 128 128 128 256 256 256
Height 64 64 64 64 128 128 128 256 256 256
Number of bands 1 1 1 1 1 1 1 1 1 1
Subimage 21 22 23 24 25 26 27 28 29 30
Width 64 64 64 64 128 128 128 256 256 256
Height 64 64 64 64 128 128 128 256 256 256
Number of bands 1 1 1 1 1 1 1 1 1 1

cessing professors, and one dermatoldransformed image was divided into sev-quickly when the compression ratio goes
gist. eral subimages according to frequencies.up.

To achieve good compression quality We can see that the compression qual-
while getting a high compression ratio, aity of the scheme with the DCT goes down
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