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Abstract. Color images may be encoded by using a gray-scale im-
age compression technique on each of the three color planes. Such
an approach, however, does not take advantage of the correlation
existing between the color planes. In this paper, a new
segmentation-based lossless compression method is proposed for
color images. The method exploits the correlation existing among
the three color planes by treating each pixel as a vector of three
components, performing region growing and difference operations
using the vectors, and applying a color coordinate transformation.
The method performed better than the Joint Photographic Experts
Group (JPEG) standard by an average of 3.40 bits/pixel with a da-
tabase including four natural color images of scenery, four images of
burn wounds, and four fractal images, and it outperformed the Joint
Bi-Level Image experts Group (JBIG) standard by an average of
3.01 bits/pixel. When applied to a database of 20 burn wound im-
ages, the 24 bits/pixel images were efficiently compressed to 4.79
bits/pixel, then requiring 4.16 bits/pixel less than JPEG and 5.41
bits/pixel less than JBIG. © 2001 SPIE and IS&T.

[DOI: 10.1117/1.1383781]

1 Introduction

where the diagnosis of burn patients is performed with digi-
tal color photographs. As automatic classification is per-
formed in a procedure where color and texture are essential,
a lossless compression method is needed for this particular
application.

Although significant effort has been directed towards the
development of lossless algorithms for compressing image
data, most of such methods have been oriented towards
compressing gray-scale or two-tofl@nary) images. It is
commonly stated that a red-green-blgRGB) color image
can be easily compressed by using a gray-scale image com-
pression technigue on each of the three color components.
However, such an approach does not take advantage of the
correlation existing between the color planes.

Recently, a few efforts have been directed towards com-
pression of true-color images by taking advantage of their
spectral correlation Singét al® proposed an integer-based
wavelet transform method, which was shown to be efficient
for compression of images with fine details. Memon and

Lossless compression techniques are essential in archiv avood pronosed several methods based on error predic-
and communication of medical images. Increasing applica-t. Y dp | P q red i : th P ‘
tions of telemedicine in the areas of dermatology and pa- lon mModels, and reported improvement over the perfor-
thology are creating new demands, such as transmissior) ‘a1 of the Joint Phptographlc Experts Grad EG)

and archival of color images. The Burn Unit of the Hospital standard of about 1.5 bits per color pixel. Bocksteno- .
Universitario Virgen del Roa de Sevilla and the Biomedi- PoSed a new method based on a lossless transformation
cal Engineering and Signal Processing Groups of the Uni-Tom the RGB planes to other planes, defined as linear

versity of Sevilla are developing a telemedicine project cOmbinations of the former, and compressing each of the
new planes with a gray-scale image lossless compression

algorithm? Van Asscheet al® proposed a technique based
on the Karhunen—Loe transformKLT) to decorrelate the
color planes; compression rates of about 0.5-2.0 bits per
pixel better than those provided by lossless JPEG were ob-

Paper 99083 received Dec. 22, 1999; revised manuscript received Aug. 7, 2000;
accepted for publication Feb. 23, 2001.
1017-9909/2001/$15.00 © 2001 SPIE and IS&T.

720/ Journal of Electronic Imaging / July 2001 / Vol. 10(3)
Downloaded From: http://electronicimaging.spiedigitallibrary.org/ on 03/30/2017 Terms of Use: http://spiedigitallibrary.or g/ss/termsofuse.aspx



Segmentation-based lossless compression . . .

SLCIC-Encoder
Error
Data
Bi
o |y BIG
Discon- Gray Encoder
tinuity /
RGB to Y,1,Q, Region Growing Index
'—V conversion » Procedure Data
High-Bits Seed Data
Original
Image

= = = e e e e o e e e e m e e mmmmmm—m———————e
i

SLCIC-Decoder !

Error H

Data § ;
Gray 1
o) ld me |

Y1Q toRGB [ | Region Growing Discon- Binary Decoder
conversion Procedure tinuity /

H Index

Data

High-Bits Seed Data  [$

.....................................................................................

Fig. 1 Summary of the SLCIC procedure.

tained, but with the disadvantage of high computational tinuity map. With a view to obtain better compression, we

time. have included a lossless color-coordinate conversion step
In 1985, Kuntet al® proposed a contour-texture ap- from RGB to the luminance, in-phase, and quadrature-

proach to picture coding; they called such approachesphase(YIQ) representation systeffi.

second-generation image coding techniques, and they ap- We devote Sec. 2 to provide details of the segmentation-

plied it to lossy compression. The main idea behind this based lossless color image codif®lCIC) algorithm, and

technique is to first segment the image into nearly homo-provide the results of its comparison with the JPEG inter-

geneous regions surrounded by contours such that the corrational standard for lossless still-image compression

tours correspond, as much as possible, to those of the obSec. 3.

jects in the image, and then to encode the contour and

texture information separately. Because contours can be Segmentation-Based Lossless Coding

represented as one-dimensional signals and pixels within a  Algorithm for Color Images

region are highly correlated, such methods are expected n ossless image compression, the task is usually split into

attain high compression ratios. Although the idea seems to X L ; .
be promising, its implementation meets a series of difficul- two stages: one is image transformation, with the purpose

ties. A major problem exists at its very important first step ?f datg ddecolrrelﬁtlogLCtTg "Ithef r'ls encoding of ]Ehe trans-
of segmentation, which determines the final performance of OrMeX ata. In the algorithm, image transformation
: . is achieved in both the region growing procedure and, later,
the ?etg_]menltatptr;]-basgd cgdmg mtﬁ.thOdf MOISt of the Sh(.agin the JBIG algorithm. The JBIG algorithm uses an adap-
mentation algornthms based upon this principle are SOpNIS=; o 4,66 dimensional coding model followed by an adap-
gg?ﬁggggd give good performance only for specific types tive arit_hmetic cod_e?.Figure 1 gives a block diagram dem-
Shen énd Rangayy&mroposed a segmentation-based onstrating the various steps in the SLCIC procedure.
lossless image codin¢SLIC) technique for radiographic . ) .
images. To overcome the problem mentioned above in re-2-1 Region Growing Algorithm
lation to segmentation, they proposed a simple regionAs described by Shen and Rangayyafor single-
growing method. Instead of generating a contour set, a discomponent images, the region growing procedure starts
continuity map is obtained during the region growing pro- with a single pixel, called the seed pixel. Each of the seed’s
cedure. Concurrently, the method also provides a corre-four-connected neighbor pixels, scanned in a fixed order, is
sponding error image based on the difference between eacbhecked with a region growin@r inclusion condition. If
pixel and its corresponding “center pixel.” The last step in the condition is satisfied, the neighbor pixel is included in
the algorithm is to code the discontinuity and error data the region. The procedure is recursively continued until no
with the Joint Bilevel Image experts GroypBIG) com- spatially connected pixel meets the growing condition. A
pression standarftl. new region growing procedure is then started with the next
We have recently extended the SLIC algorithm to color pixel of the image which is not already a member of a
images’ In order to exploit the correlation existing among region. The procedure ends when every pixel in the image
the three color planes, our algorithm treats each pixel of thehas been included in one of the regions grown.
image as a three-dimension@D) vector (RGB) and per- The region growing conditions used in this work are
forms 3D region growing. The method produces a three-the neighbor pixel is not a member of any of the regions
component error image but only a one-component discon-already grown, andii) the absolute difference between the
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red, green, and blue intensities of the neighbor pixel and 36 114 151 |45 115 151]55 110 151]84 176 184]55 111 153
those of the corresponding “center pixel” is less than a 45 115 151 |45 115 151|55 110 151 |52 112 15255 111 153
predefinederror_level The center pixel is defined as that 45 115 154 |45 115 15451 110 151|48 110 154|55 110 151
pixel which is being used as the reference to check its four- 48 114 152 |48 114 152]50 110 151|52 115 153|54 113 152
connected neighbors for inclusion in the region being 55 114 151 [55.114 15149 116 152]48 111 152|55 112 152
grown; the center pixel would have already been included @)

in the region. When a new neighbor pixel is included in the 35170 151

region being grown, iterror_levelshift-up difference with (seed)

respect to its center pixel is stored as the pixel's “error” 55 110 151

value; this value is a vector of three components. If only the
first of the two region growing conditions is met, the dis-
continuity index of the pixel is incremented. The disconti-
nuity index indicates how many times a pixel has been
tested to be included in a region and finally it has not been
included. Therefore, after region growing, a “discontinuity
index image data part” and a three-component “error im-
age data part” will be obtained. The maximum value of the

51110 151
{seed)

50 110 151

48 110 154155 110 151

S20115 153110481 138152

8 111 152 [SRE

discontinuity index is four. Most of the previously reported [0 [0 |1 [3 [0 6271354[767 1400|444
segmentation-based coding algorithms include contour cod- [0 [0 |1 |0 |0 35414441444 1165]735
ing and region coding; instead of these steps, we use a|® |° |2 |3 |® AT [ddir [36F [14d (432
discontinuity index data part and an error image data part. |° | |2 |° |° 4321732 344 (263|373

The error_level is determined by the preselected ['|'|* [? [° 17 444 [i40 [AF0 234

(c) @
|51417|61317|102223|613]7|61417!61435|61335!
(e)

error_bits assigned to each of the three components of the
vector aserror_level=28"°"-bits"1 For instance, if the

error image is allowed to take up to 5 b/color-plane-pixel
for each componente(rror_bits= 5), the Corresponding Fig. 2 Simple example of the region growing procedure and its re-

; . : sult with error bits set to be three: (a) a 5X5 segment of the 512
error_level is 16; in other words, the allowed difference X 512 24-bit color Lena image, where each value represents the R,

range is thefﬁ__ 15, 13 The error value of the seed pixel of G and B component, respectively; (b) result of region growing; (c)
each region is defined as the vector formed by the low corresponding discontinuity index data part; (d) corresponding error
error_bits bits of each component. The value of the high image data part; (e) the corresponding high-bits seed data part.
(N—error_bits) bits of the three components of the pixel

is stored in a “high-bits seed data part,” whekeis the 2.2 Segmentation-Based Lossless Color Image
number of b/pixel in the original image data. Compression Procedure

The above three data parts are used to fully recover the o -
original image during th(iJ decoding process.yThe region | N€ complete SLCIC procedure is illustrated in Fig. 1. At
growing conditions during decoding afe@ the neighbor the.encodln.g end, the onglnal Image 1S transfor_med by t_he
pixel under consideration for inclusion is not in any of the irr?dgle?(nir%rgg\;l\gno?agoggr?uv(/ietrllnct)%g](rjeir?wgr?srgzhg}ee?éﬁgr?tt;nua&y d
previously grown regions, andi) the discontinuity index the error image data part and the high-bits seed dat'c; part
of the pixel is equal to zero. When the conditions are met ., \nseq of 3D vectors. The first two data parts are then
for a pixel, its pixel value is restored as the sum of its

) ; g gray coded, broken down into bit planes, and finally JBIG
error_levetshift-down error value and its center pixel coded. The last data part is stored or transmitted as-is; it
value (except for the seed pixel of every region, for which needs N—error_bits)*3 bits per seed pixel.

the latter is given by the high-bits seed data pdftonly At the receiving end JBIG-coded data files are JBIG-

the first of the two conditions is satisfied, the discontinuity y..,qed first and then the gray-coded bit planes are com-

!ndex of the pixel is.decremented..Thgs the discontjnuity posed back to binary code. Finally, the parts are combined

index generated during segmentation is used to guide reyggether by the same region growing procedure to recover

gion growing during decoding. _ as in the encoding scheme to recover the original image.
The region growing procedure may be viewed as adap-

tive scanning of the image with the aim of maintaining a 2.3 [ossless RGB-to-YIQ Transformation

localized difference or error value within a limited dynamic

range prespecified and controlled esror_bits.

Usually, when coding color images with loss, a transforma-

Ei o - le for illustrati f the re- tion from RGB color coordinates to YIQ is performed. This
_rlgure £ 1S a simp’e exampie Tor flustration of th€ e~ s 550 upon the observation that the Y component is un-

gion growing procedure and its result. The original image is - related with the chrominance componefhiand Q, and

the 512<512 24-bit Lena image. A 85 segment of the  that most high-frequency components of a color image are

image is shown in Fig.(@). The value ofrror bitsis setto  concentrated in the Y componefitin lossless compres-

three in this example. Figure(l? is the result of region  sjon, the second advantage cannot be exploited, but the first

growing. The corresponding three data parts, namely dis-one is used to gain improved compression.

continuity index image data, error image data, and high-bits  To change the color coordinates from RGB to YIQ the

seed data, are shown in Figgc2-2(e). following linear transformation is performé&d
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v 0.299 0.587 0.114 1 r malltion (a;tli)ally they look like grfa);l-scsle ig1agesf being
color one$, but retains a portion of the boundary informa-
| |=| 0596 —0.274 -0322|| G|. @ tion of the image. The discontinuity index clearly corre-
Q 0.211 —-0.523 0.312|LB sponds to edges in the image.
The compression performance of the SLCIC method
However, this transformation cannot be applied in loss- with the initial set of 12 images is summarized in Tables 1
less compression because it involves floating-point opera-and 2 along with the results of JPEG and JBIG compres-
tions, thus requiring quantization. In order to avoid quanti- sion. The SLCIC method has a tunable parameter, which is
zation error, a transformation based on integer arithmetic iserror_bits. The SLCIC method has outperformed lossless
required. Such a transformation is completely reversible JPEG on the average for the test image set used by 0.68 bits
and hence lossless, and is given'by: per color pixel(with the original images having 24 b/pixel
in the RGB domaii and JBIG by 0.29 b/pixel. As shown

R+B in Table 1, when using the ¥Q, coordinates, the perfor-
o +G mance of the SLCIC is much better, providing an average
Y =|————|, 2) of 9.24 b/pixel. The method outperformed standard JPEG
? by an average of 3.34 b/pixel, JBIG by 2.95 b/pixel, and
SLCIC with RGB coordinates by 2.66 b/pixel. In Table 2 a
l,I=R-B, (3 comparison of the code and decode times for SLCIC,
JPEG, and JBIG is done, where the times of reading and
R+B writing the images to and from the disk are also considered
Q=|——|"6 (4 and, for the case of the SLCIC algorithm, the time em-
ployed in the conversion from RGB to YIQ is also in-
wherel-| denotes the floor function. cluded. Although internally SLCIC uses JBIG, it gets faster
The inverse transformation is given by: times than JBIG alone. This is due to the fact that JBIG
acting alone has to code 24 bit planes whereas JBIG joint to
Q+1| [+1 SLCIC only has to code the number of bit planes deter-
R=Y,+ 3 + — (5) mined by the parameterror_bits. Additionally, the region
- growing procedure does not add a significant quantity to
Q the total computational time. The JBIG software we have
G=Yi-|3] (6)
Table 1 Comparison of the performances of SLCIC, JBIG, and
B=v,+ Q+1 _V—lJ ) JPEG using twelve 24 b images by b/pixel.
L 2 20
SLCIC (b/pix)
The subscript is used to indicate the lossless nature of JPEG  JBIG
the transformation. This transformation performs the YIQ Image (b/pixel) (b/pixel) RGB YI,Q

one, but without losses, and it is proved in Ref. 1. It is Scenany:
important to note that in order to preserve the lossless na- v

ture of the algorithm, one bit must be added to each of the;. peppers 1569  15.65 15.99  16.29
chrominance error componentsne for | and one for ® 5 Germany 17.73  17.49 16.49  12.35
due to the sign that appears when converting from RGB to, | ... 1479 1512 1508  14.98
YihQ- 4. Parrots 18.04  12.06 18.01 9.63

Average for scenery: 16.56 15.08 16.39 13.31

3 Experimental Results

The SLCIC technique was tested using 12 24-bit color im- Burm wounds:
ages of different sizes and nature. The performance of the1 Photo 1
SLCIC technique was compared with that of the lossless_’

10.8 12.43 10.64 5.87

JPEG 7 standard and the JBIG standard. The initial test "% 2 736 819 656 4.04
image set includes four images of scenérgna, Peppers, 3. Photo 3 145 8.68 6.8 432
Parrots, and Germahyfour images of burn wounds, and 4 Photo 4 733 867 674 422
four fractal images (from http:/dir.yahoo.com/Arts/ ~ Average for burn wounds:  8.24  9.49 7.69 4.61
Visual_Arts/Computer Generated/Fractals/Artisjs/ The Fractals:

burn wound images have been taken following a protocol

explained in Ref. 13. In this protocol a digital photograph 1. Atlantis 1512  14.05 13.76  12.76
camera is used, and the photographs are stored as true-coler 7 thm 12.09  11.27 11.00  10.97
ones, i.e., 24 bits per pixel, 8 bits per each color components \andsilv 1458  14.46 13.45 7.90
(RGB: red, green, blye 4. Yinywthm 995 817 825  7.62

Figures 3-5 show the error and the d_|scont|nU|ty index Average for fractals: 1204 11.99 11.62 981
data parts as images for three of the test images used. It can
be observed in all of the cases illustrated that the erroraverage for all images: 1258  12.19 11.9 9.24
image does not contain any significant chromaticity infor-
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Fig. 3 Lena: (a) original image; (b) error image; (c) discontinuity index image.

Fig. 4 Burn wound: (a) original image; (b) error image; (c) discontinuity index image.

Fig. 5 Fractal: (a) original image; (b) error image; (c) discontinuity index image.
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Table 2 Comparison of code and decode time for JPEG, JBIG, and
SLCIC-YI,Q,. Computing time of less than 1 s is entered as 0 in the

Table 3 Comparison of the performances of SLCIC2, JBIG, and
JPEG using twelve 24 b images by b/pixel. The SLCIC2 algorithm is

table. implemented using different number of error_bits for the Y, I, and Q
components.
Code/decode
time (s) JPEG JBIG SLCIC2
Size Image (b/pixel) (b/pixel) (b/pix)
Image (colXrowxb/pixel) JPEG  JBIG SLCIC
Scenery:
Scenery:
1. Peppers 15.69 15.65 16.29
1. Peppers 512X 512X 24 2/0 14/14  12/12 2. Germany 17.73 17.49 12.32
2. Germany 768X512X24 2/0 19/19 18/18 3. Lena 14.79 15.12 14.97
3. Lena 512X512X24 2/0 13/13 12/12 4. Parrots 18.04 12.06 9.61
4. Parrots 768X 512X 24 3/0 19/19  16/16 Average for scenery: 16.56 15.08 13.30
Burn wounds: Burn wounds:
1. Photo 1 832X 624X 24 4/1 2323 17/17 1. Photo 1 108 12.43 5.83
2. Photo 2 832X 624 24 4n 22122 19/19 2. Photo 2 7.36 8.19 4.01
3. Photo 3 832 624 24 51 2222 1717 3. Photo 3 7.45 8.68 429
4. Photo 4 832x 624 24 51 2121 18/18 4. Photo 4 7.33 8.67 4.20
Average for burn wounds: 8.24 9.49 4.58
Fractals:
Fractals:
1. Atlantis 0/0 4/4 1/1
2 7th 32024024 0/0 " 0/0 1. Atlantis 15.12 14.05 12.69
Sfmme 16012024 2.7 thm 12.09 11.27 10.80
3. Mandsilv 460024 0/0 1 0/0 3. Mandsilv 1458 14.46 7.58
4. Yinywthm 320X 240% 24 0/0 4/4 1/1 4. Yinywthm 9.95 8.17 755
Average for fractals: 12.94 11.99 9.66
T Average for all images: 12.58 12.19 9.18

employed is a free distribution version developed by AT&
in 1991.

After examining the Y, I, and Q component images
separately, we realized that the | and Q components were.
much more uniform than the luminance one so, they WouldeBlG._Howel\D/er_, thde results V\I/ere poor because the number
need lesgerror_bits to be encoded than the Y component. of regions obtained was not large.

We changed the algorithm in order to code each component . :
with different number oferror_bits, and we got better re- 4 Discussion

sults, that are summarized in Table 3. To avoid confusionsWhile there have been some works on lossless compression
we have called this modification of the SLCIC algorithm, of color images, very few have exploited the notion of what
SLCIC2. With the SLCIC2 the improvement gained over has been called second-generation image cotfiim par-
JPEG is 3.40 b/pixel on average and 3.01 b/pixel overticular the segmentation-based approach. In this article, a
JBIG. method based on segmentati@agion growing has been

Due to the good results obtained with burn wound im- presented. When tested with several general-purpose im-
ages, we were encouraged to study the algorithm for ourages, the proposed method resulted in an improvement of
particular application. Hence, we tested the SLCIC proce-3.40 hits per color pixel over the lossless JPEG standard
dure with a larger database of 20 burn wound images. Theand of 3.01 bits per color pixel over the JBIG standard.
results are summarized in Table 4, given as the mean andVhen tested with a database of 20 burn wound images, the
the variance for SLCIC, SLCIC2, JPEG, and JBIG, where method outperformed standard JPEG by 4.16 bits per color
we can see that the SLCIC method has outperformed stanpixel, and standard JBIG by 5.41 bits per color pixel. As we
dard JPEG by an average of 4.13 b/pixel and JBIG by 5.38said, the reason for such a good performance with burn
b/pixel, and the SLCIC2 has outperformed JPEG by anwound images can be found in the special features of the
average of 4.16 b/pixel and JBIG by 5.41 b/pixel. The rea- images: they have uniform colors, such that majority of its
son for such a good performance with burn wound imagesinformation is located in the luminance component exclu-
can be found in the special features of the images: theysively. Additionally, even in the luminance component,
have uniform colors, such that majority of its information is there are large, almost-uniform regions. So, we get very
located in the luminance component exclusively. Addition- good results when considering different number of
ally, even in the luminance component, there are large,error_bits for each component. The chrominance compo-
almost-uniform regions. nents(l and Q need lesserror_bits than the luminance

In the same way as the error matrix and the discontinuity one, because they carry less information.
index matrix are coded with JBIG after the region growing  The computational speed of SLCIC is not very slow
step, we experimented with encoding the seed vector withcomparing with that of JPEG due to the use of an efficient
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Table 4 Comparison of the performances of SLCIC, SLCIC2, 9. B. Acha, C. Serrano, R. M. Rangayyan, and L. M. Roa, “Lossless
JPEG, and JBIG by b/pixel using 20 burn wound images. Each im- compression algorithm for colour imagesElectron. Lett. 35(3),

age is of size 832x 624 pixels, with 24 b/pixel in the RGB represen- 214-215(1999.

tation. 10. C. Serrano, B. Acha, and R. M. Rangayyan, “Segmentation-based

lossless compression for color images,”Rnoc. Tenth International
Conf. on Image Analysis and Processing (ICIAP99gnice, Italy,

20 burn wound JPEG JBIG SLCIC SLCIC2 pp. 90—94(1999
images (b/pixel) (b/pixel) (blpixel) (b/pixel) 11. G. K. Wallace, “The JPEG still picture compression standafiin-
mun. ACM34(4), 30—44(1991).
Average 8.95 10.20 4.82 4.79 12. C. S. Lim,Two-dimensional Signal and Image Processing, Prentice
Variance 2.16 2.07 0.54 0.54 Hall Signal Processing Serie®rentice-Hall, Englewood Cliffs, NJ,

(1990, pp. 422-423.
13. C. Serrano, L. Roa, and B. Acha, “Evaluation of a telemedicine plat-
form in a burn unit,” Proc. of IEEE International Conf. on Informa-

. . : tion Technology Applications in Biomedicin&ashington DC, pp.
region growing method. Most of the computational cost of 1'22_18206(28533’ ppiications i Elomedicineashington PP

SLCIC is due to JBIG coding included in the algorithm. 14. s.van Assche, W. Philips, and I. Lemahieu, “Lossless compression
The region growing procedure does not add a significant  of pre-press images using a novel color decorrelation technique,”
quantity to the total computational time. In a SUN Ultra Proc. SPIE3308 85-92(1998.

SPARC (120 MB memory, 2.1 GB disk, clock 167 MHz,
112 KB cache memopySLCIC required 1-20 s to encode/
decode the images used; JPEG required 1-5 s for the sam
images.

We are exploring possibilities of further improvement in
the performance of SLCIC by analyzing the nature of the
error image. One improvement under consideration is, in-
stead of changing color coordinates of the whole image, to
change the representation of only the error image from th
RGB planes to hue, saturation, and val{i¢SV) or to
Y 1,Q,. We are also exploring the possibility of using tech-
niques other than JBIG, after the region growing step, to
code the error and discontinuity parts in order to take into
account the individual characteristics of each part.
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