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Bitplane-by-Bitplane Shift (BbBShift)—
A Suggestion for JPEG2000 Region of Interest
Image Coding

Zhou Wang Student Member, IEEEBNd Alan C. Bovik Fellow, IEEE

Abstract—The JPEG2000 image coding standard defines two of bitplanes to be shifted. Fig. 1(a) and (b) illustrates how the
kinds of region of interest (ROI) coding methods—the general pitplanes are shifted in the general scaling based method.
scaling based method and the maximum shift (maxshift) method.  There are three major drawbacks of the general scaling based
The former requires shape coding of the ROIls, which leads to thod sh in Eig. 1(b). Eirst. it t ient to deal with
increased complexity of codec implementations and limits the me od shownin Fig. 1(b). '.rs "_ ISNno Convemen_ 0 .ea Wi
choice of ROI shapes (currently, only rectangle and ellipse shapes different wavelet subbands in different ways, which is some-
are defined). The latter allows for arbitrarily shaped ROl coding times desired by the users. For example, the users may like to
without explicitly transmitting any shape information to the  treat all the coefficients equally at some low frequency subbands
decoder, but does not have the flexibility to select an arbitrary and differently (better quality at ROIs than BG) at the high fre-

scaling value to define the relative importance of the ROI and the . .
background wavelet coefficients. We propose a bitplane-by-bit- U€NCY subbands. Second, it needs to encode and transmit the

plane shift (BbBShift) method, which supports both arbitrary ~Shape information of the ROIs. This significantly increases the

ROI shape and arbitrary scaling without shape coding. complexity of encoder/decoder implementations. Third, if arbi-
Index Terms—mage coding, JPEG2000, region of interest trary ROl shapes are desired, then shape coding will consume a

(ROI), bitplane coding, wavelet coding, maximum shift (maxshift), large number of bits, which significantly decreases the overall

bitplane-by-bitplane shift (BbBShift). coding efficiency. The current standard attempts to avoid this
problem and only defines rectangle and ellipse shaped ROIs [2],
|. PROBLEMS WITH JPEG2000 ROI 6DING which can be coded with a small number of bits. However, this

. . . limits the application scope of ROI coding because in real-world
EGION of interest (ROI) image coding allows for enppiications, ROIs are usually associated with certain objects in
coding the ROIs in an image with better quality than thg,e image, which generally have arbitrary shapes.
background (BG). ROI coding is one of the requirements in p very effective solution, the maxshift method [1], [3], [7],
the new JPEG2000 image coding standard [1]{3]. Two king] was proposed for JPEG2000, which does not require any
of ROI coding methods are defined—the general scaling basgthpe coding or any shape information to be explicitly trans-

method and the maximum shift (maxshift) method [3]-[6].  mitted to the decoder. In the maxshift method, the scaling value,
In the general scaling based method, the wavelet transfogmyyst be chosen to satisfy [1]:

is applied to the image at the encoder and the resulting coef-
ficients not associated with the ROI are scaled down (shifted s > max(M,), (1)
down) so that the ROI-associated bits are placed in higher bit- N

.planes..During_ the embedded bitplane coding process, the W%eremax(Mb) is the largest number of magnitude bitplanes
in the higher bitplanes are placed before those in the lower kg any ROI coefficient. After scaling, all significant bits associ-
planes. The scaling value and the shape information of the R@}gd with the ROI will be in higher bitplanes than all the signif-
are also added into the encoded bitstream. At the d_e(_:oder, it¥ht bits associated with the background [1]. Fig. 1(c) demon-
bitplanes are reconstructed and the non-ROI coefficients afigates the bitplane shift in the maxshift method. At the decoder,
scaled up to their original bitplanes before the inverse wavelgk nonzero ROI and BG coefficients can be identified simply
transform is applied. If the encoded bitstream is truncated gy |ooking at the coefficients’ magnitudes. All coefficients that
the encoding/decoding process is terminated before the imagg found to be lower than theh bitplane are known to be-

is fully encoded/decoded, the ROIs will have a higher qualifyng to the BG. There is no need to tell the decoder explicitly
than the BG. The relative importance of the ROIs and the B&out the shape information of the ROIs. The BG coefficients
is determined by the scaling valugwhich defines the number re scaled up by bitplanes before the inverse wavelet trans-

form is applied. With the maxshift method, it is also very easy
Manuscript received January 25, 2002; revised April 9, 2002. This work w@ treat different wavelet subbands differently. For example, the
supported in part by Texas Instruments, Inc., and by the State of Texas Advangeftoder can include entire Iow-frequency subbands in the ROI
Technology Program. The associate editor coordinating the review of this man- . . . .
uscript and approving it for publication was Dr. Antonio Ortega. mask and encode a uniform low-resolution version of the image
The authors are with the Laboratory for Image and Video Engineerir@t an early stage of the encoded bitstream. The distinction be-
(LIVE), Department of Electrical and Computer Engineering, The Univetyyeen ROI and BG is made only at high frequency subbands.
sity of Texas at Austin, Austin, TX 78712 (e-mail: zhouwang@ieee.org; TR . . .
bovik@ece. utexas.edu). The major limitation of the maxshift method is that it does not
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Fig. 1. ROI coding methods in JPEG2000 (bitplanes are represented by the
gray bars). (a) No ROI coding, no scaling; (b) scaling based methed,4; LsE | | |
and (c) maxshift methods = 9. [1or] AGH 1]

Fig. 2. BbBShift methods with; = 4 ands, = 5 (Bitplanes are represented
fine the relative importance of the ROl and the BG wavelet codfy the gray bars).

ficients as in the general scaling based method. This means that

in all the subbands, where the ROI/BG distinction is applied, ;

information about the non-ROI coefficients can be received ur?f?f Comparisons

every detail of the ROI coefficients has been fully decoded, evenl) Functionality: In comparison with the general scaling

if the detail is imperceptible random noise (which may happdrased methods defined in JPEG2000 Part Il [2], where only
in reversible coding mode or irreversible coding mode with vergctangle and ellipse ROI shapes are allowed, the BbBShift
small quantization step size). Another limitation of the maxshifeethod supports arbitrary shaped ROI coding. BbBShift also
method is that when there are multiple ROIs in the same imadpgars the same advantage of maxshift that different wavelet
an ROI cannot have its own scaling value, and therefore differeéstbbands can have different ROI definitions. In BbBShift, if

priority during encoding/transmission of the image. we sets; = 0 and choose; according to (1), then BbBShift
is equivalent to maxshift. In other words, maxshift is a special
II. BBBSHIET METHOD case of BbBShift. Compared with maxshfit, BoBShift has the

, flexibility to have an arbitrary scaling value to adjust the relative
A. BbBShift importance between ROI and BG coefficients. This flexibility
We propose a bitplane-by-bitplane shift (BbBShift) methodanay lead to improved quality of ROl coding, depending on
Instead of shifting the bitplanes all at once by the same scalitig application. For example, in certain applications, the user
value s as in maxshift, BbBShift shifts them on a bitplane-bymay choose an; such that “high enough quality” ROI can be
bitplane basis. An illustration of the BbBShift method is showachieved withs; bitplanes of the ROI coefficients. After the
in Fig. 2. Two parameters;; and s., are used in BbBShift. “high enough quality” of ROI is reached, some significant bits
The sum ofs; and s, must be equal to the largest number obf the BG coefficients begin to be encoded/transmitted, which
magnitude bitplanes for any ROI coefficient. In this paper, ware treated at higher priorities than the nonsignificant bits of
index the top bitplane as bitplane 1, the next to top as bitplatiee ROI coefficients. An example is given in Fig. 3, where the

2, and so on. 24 bhits/pixel (bpp) “Barbara” image is compressed reversibly
At the encoder, the bitplane shifting scheme is as follows: and decompressed at 0.8 bpp using the maxghif= 12)
1) For any bitplané of an ROI coefficient: and the BbBShift(s; = 6,s» = 6) methods, respectively.
if & < s1, no shift; It can be observed that without visual difference at the ROI,
if s < b < 51459, shiftit down to bitplanes; +2(b— BbBShift coded image provides better quality at the BG. The
51). limitation of the BbBShift method is that if there are multiple
2) For any bitplané of a BG coefficient: ROls in the same image, the scaling value must be the same
if b < s9, shift it down to bitplanes; + 26 — 1; for all of them. This limitation also applies to the maxshift
if b > 52, shift it down to bitplanes; + s + b. method and is a disadvantage in comparison with the general

At the decoder, for any given nonzero wavelet coefficient, ti€@aling based method, where different ROIs can have different
first step is to identify whether it is an ROI coefficient or a BGCaling values and therefore different priorities during the
coefficient. This can be done by examining the bitplane levBNcoding/tranmission process.

of its most significant bit (MSB). The set of ROI associated 2) Complexity: It is not necessary for the BbBShift method
bitplanes is given by to have a shape coding component, which is essential in the gen-

eral scaling based methods. The general scaling based methods
Bror={blb<siorb=s +2kk=12...,5} (2 also require a complex ROl mask generation procedure, which
is different for different ROI shapes and significantly increases
If the wavelet coefficient’'s MSB is at bitplaree Bgror, then the computation and hardware/software implementation ex-
it must be an ROI coefficient. Otherwise, it is a BG coefficienpenses. By contrast, the ROI/BG identification process in
The bitplanes are then shifted back to their original levels bgaxshift and BbBShift is much cheaper. Compared with the
reversing the bitplane shifting scheme in the encoder. maxshift method, a more complicated procedure is needed
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being encoded. It is reported [7], [8] that for lossless coding of
images with ROIs, the maxshift method increases the bit rate
by 1-8%, compared to lossless coding of an image without
ROI (and less compared to the general scaling based method,
depending on the scaling value used). If the point of lossless
coding is reached, the BbBShift and maxshift methods result in
similar bit rates because they have the same number of bitplanes
and the information to be coded in each biplane is exactly the
same. The difference is that the bitplanes are placed in different
order, which may have effect on the entropy coding module. Our
current experimental results show that the effect is insignificant.
For example, for lossless coding of the 24 bpp “Barbara” image
with the ROI (/16 of the image size) selection as in Fig. 3,
BbBShift (s; = 6,32 = 6) and maxshift(s = 12) spends
12.88 bpp and 12.76 bpp, respectively. More experiments on
sixteen 24 bpp RGB images (with size ranging from 51212

to 800x 600) show that BbBShift spends 1.00-3.75% (average
2.37%) less bits than maxshift for ROI siz¢4 of the image
size, and 0.49-1.47% (average 0.97%) more bits than maxshift
for ROI size1/16 of the image size.

4) Compatibility: It needs to be mentioned that the proposed
BbBShift method is not compatible with the current JPEG2000
ROI coding definitions, in which only maxshift and rectangle
and ellipse shape scaling based ROI coding are defined. In order
to use BbBShift, a new ROI coding mode must be added to the
standard.

I1l. CONCLUSION

We propose a BbBShift method for JPEG2000 ROI coding
and compare it with the current general scaling based method
and maxshift method defined in the standard. We believe that
BbBShift has many advantages and would complement the ex-
isting standard. Another contribution of this work is the idea of
using the bitplane level of MSB to distinguish nonzero ROI and
BG coefficients. This idea is valuable for future research on ROI
image coding.

Fig. 3. The 24 bpp RGB “Barbara” image coded reversibly and decoded at

0.8 bpp using the maxshift method [(@)}= 12] and the BbBShift method [(b)
s1 = 6,52 = 6]. The ROl is at the face area ai@d16 of the image size.
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