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taken as 16 bits, last column.
Then, wal for SPIHT o with BFS and MaP for NLS

38 -- BFS --algorithms are,

DFS Msa,FS= Sc+S(c-2+t) / 4 =S(5c-1) / 4 (1)

34 =BFS-m MN S(4+5w/16) (2),
32 -_ DFS-m respectively. In here, type bit t is taken as 1. The first and
304 - - - - - - - - - --_____- BL-TC-BFS the second parts of these equations are for the memory

28 _ _ _ _ _ _demand for LIP, LSP and LIS, respectively.
0.1 0.3 0.5 0.7 0.9 For the SPHIT with the mask (SPIHT m), Lmsk replaces

the lists LIP and LSP as given in Section II.B. Parameter m is
the number of the bits to indicate if a coefficient is encoded,

36 and c-2+t is memory demand for every root in LIS. Then, the
35 ------M---- P for SPIHT_m-BFS,
34 BFS amm+S(c-2+t) 4 (3).
33 -DFS -AfsBFT
32 BFS-m =S(C+3)/4 (4)
30 -; -0 --DFS-m If this is applied with DFS search algorithm, LIS is fixed with

298 BLTC-BFS the number of initial roots which is given by S 2-2L,
27 ~~~~~~~~~~~~MS-DFS -Miis + CS~/ 2(L)(5

0.1 0.3 0.5 0.7 0.9

=S(1+CI22(L-)) (6)
Fig. 7. (a, b) PSNR values in dB for Lena (above) and Goldhill (below) for in this case m=
L=5. BFS and DFS: original SPIHT applied with BFS and DFS , 1 bpp, L IS taken as the level of the
respectively. BFS-m and DFS-m: where m stand for mask replacing LIP and decomposition, C=log2(rs2 -) = c-L+I bpp is required to
LSP, BL-TC_BFS, Block-wise SPIHT with type C and BFS. allocate memory for LIS with forward indexing (see Figure 6,

for s/2L-1 rows each with r coefficients).
roots with descendants and S is the number of the pixels in an In the third configuration presented in Section II.C, the
image. Locating the position of the consecutive four children additional total memory demand for the SPIHT_m with type-
of a root is a process of left shifting index i and addition of C, is 0.5 bits per pixel for both cases in Eq.3 and Eq.5, which
four values -1, 0, r, r-1, where r refers to the row size. This means when applied with search algorithm BFS, from the
procedure favors DFS search in hierarchical trees without equation 3, with m=lbpp, t 2, it gives,
requiring any lookup table and is faster than interleaving. M mFS TC = S(C+ 4) 4 (7).

III. MEMORY AND R/D ANALYSIS But, when it is applied with the search algorithm DFS, the
additional memory required for the type information isComparison for the total maximum working memory

demand (MXa) of each algorithm is performed with respect to incorporated into m by setting it equal to 1.5 in the first part of

the SPIHT_o and NLS. the Equation (5). The second part that is memory for LIS
- . . . ~~~~~~~~~~remainsthe same in the same equation. Then,Suppose that in an image with r row and s columns, mai t m h e i e

S: is the number of picture elements equal to rs, M S-DFS -m-TC S (1 .5 + C I 2 2(L 1)) (8).
c: is the number of bits (per coefficient) to represent the Table 1 presents the numerical results of the equations for

addressing information for LIP and LSP, equal to log2(S), the worst case with the empirical PSNR values achieved. The
c-2+t bits are required for LIS (with linear indexing), where second and the last columns present the maximum memory

t indicate type that is 1 bit per coefficient in LIS, and, demand for the SPIHT_o and NLS for Equation 1 and 2 with
w: is the precision of a wavelet coefficient in bits which is the wavelet decomposition level L = 5, respectively. The

SPIHTm SPIHT m-TC|piPIHT_ d | g | DFS|NLS
BES DES BFS DES

Mmax (bits) 22.25S 5.25 S+40 1L2344S 5.75S 1.5S+40 1.7344 S 9S

Av. reductionl 0 099 0.46 0.12341 0.152i2 0

Table. 1. Realizable values of maximum memory demand calculated for image size 5 12x512 therefore c =18, and for the 9 and 5 level of wavelet
decomposition. Calculations are given for the worst case, from the memory analysis provided in Section III, and the experimented PSNR values are the
averages based on the plots given in Figure 7. L is the level of wavelet decomposition.
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Therefore, two different decomposition levels are presented [2] F. W. Wheeler and W. A. Pearlman, "SPIHT Image Compression
with DFS, under the columns of SPIHT_m/DFS and without Lists," ICASSP 2000, June.
SPIHT_m-TC/DFS. After L level subband decomposition of [3] A. Said, "Example of SPIHT Application for Image Compression" 1999,

2L available at http://www.cipr.rpi.edu/-pearlman/papers/ex_spiht-ezw.pdf.the images, the number of coefficients in DC band is 2 S [4] H. Arora, et al, "Memory Efficient Set Partitioning in Hierarchical Tree
These coefficients with no offspring are included within the (MESH) for Wavelet Image Compression" ICASSP 2005, March.
list LIP, and are bitplane encoded. Increasing the initial
number of the coefficients in the LIP to less than or equal to
2-2LS, and then, taking the number of roots in the list LIS with
3 times those in the LIP for various decomposition levels, do
not give rise to a large reduction in the final PSNR values.
The reduction is found to be at the range of 0.2-0.05 dB for
0.2 bpp compression rates (CR), for Lm.L<4, where Lm is the
dyadic depth of the image. The reason for the fall in PSNR is
the increasing number of zeros hosted in the LIP which could
be easily avoided with the expense of additional complexity.

The Aax with DFS algorithm in Table 1, is calculated for
the number of the initial root numbers in LIS equal to 3 and
3072, at depth L = 9 and 5, respectively. The filters employed
for the subband decomposition are biorthogonal Daubechies
with the tap size 9/7. The PSNR values in Figure 7 are plotted
for Lena and Goldhill (both available in CIPR-RPI). In Table
1, the minimum memory Afax is maintained by using the
configuration of SPIHT_m with search algorithm DFS, but
with approximate cost of 0.5 dB average deterioration in
PSNR (Section II.B). With a small increment in memory, that
is not more than 1 bit per pixel used for the type information,
the PSNR values are almost recovered to its original values,
with an average reduction about 0.125 dB.

IV. CONCLUSION

This paper has presented two different variants of SPIHT
algorithm, each experimented with BFS and DFS search
techniques to reduce maximum working memory demand.
Initially lists of LIP and LSP are replaced with a mask
marking each pixel encoded (1 bpp). When applied with DFS,
the significant pixel search starts from a certain fixed set of
initial roots without conveying the type information to the
consecutive bitplanes. Because of this, there is no memory
expansion of the lists, and no spatial mingling of the blocks.
But the loss in PSNR is in the range of 1dB for 1 bpp
compression rates. To avoid this, a new branch type is
introduced for the blocks that require no grandchild check,
and the type information is transferred to the lower bitplanes
with two bits per block additional memory to provide
initialization from the branches where search is terminated. By
avoiding retransmission of the type bits, PSNR values are
recovered almost to the level of the original SPIHT. From
these results, the memory requirement for SPIHT algorithm
can be reduced to lower than 6 bpp, by using BFS algorithm,
and to lower than 2 bpp with by using DFS algorithm, with
little sacrifice of overall image quality.
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