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Recursive SPIHT (Set Partitioning in Hierarchy Trees) Algorithm
for Embedded Image Coding
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ABSTRACT

A number of embedded wavelet image coding methods have been proposed since the introduction of
EZW(Embedded Zerotree Wavelet) algorithm. A common characteristic of these methods is that they use
fundamental ideas found in the EZW algorithm. Especially, one of these methods is the SPIHT(Set Partitioning
in Hierarchy Trees) algorithm, which became very popular since it was able to achieve equal or better
performance than EZW without having to use an arithmetic encoder. In this paper We propose a recursive set
partitioning in hierarchy trees(RSPIHT) algorithm for embedded image coding and evaluate it’s effectiveness
experimentally. The proposed RSPIHT algorithm takes the simple and regular form and the worst case time
complexity of O(n). From the viewpoint of processing time, the RSPIHT algorithm takes about 16.4%
improvement in average than the SPIHT algorithm at T-layer over 4 of experimental images. Also from the
viewpoint of coding rate, the RSPIHT algorithm takes similar results at T-layer under 7 but the improved
results at other T-layer of experimental images.

Key words : embedded image coding, EZW Coding(embedded zerotree wavelet coding), SPIHT(set partitioning
in hierarchy tree) algorithm, layered progressive transmission, RSPIHT (recursive SPIHT), SOT(spatial orientation
tree) coding tree structure, significance map, arithmetic coder
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Fig. 1 Layered Progressive Transmission Process
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step 1) Initialization: output

n=|log y,(max (; ;lc; Dito the decoder;

step 2) Sorting Pass: output v ,, followed by the pixel
coordinates 7( k) and sign of each of the y , coefficients
such that2 "< | ¢, | <2 "1

step 3) Refinement pass: output the #th most significant
bit of all the coefficients with | ¢, ;| 22 "*!(ie., those

that had their coordinates trnasmitted in previous sorting
pass), in the same order used to send the coordinates;

step 4) Quantization-Step Update: decerment » by one,
and go to step 2);
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Algorithm 1T
main_recursive_spiht(T,n)

begin
if T = & then return;
partition T into the child subsets {T1,T2,T3};
sig_val_l=create_sig_tree(T1, n-1);
sig_val_2=create_sig_tree(T2, n-1);
sig_val_3=create_sig_tree(T3, n-1);
sig_val=sig_val_I+sig_val 2+sig val_3;
if sig_val>=1 then sig_val=1
/* D(0,0)=sig _val *+/
out_self_significance(S«(root(T)));
/+ self significance, Sp(root(T))=S4(0,0) +/
out_siginificance(sig_val);
/* descendant significance */
if S(root(T))=1 then out_sign_bit(root(T));
/* sign bit */
if sig_val=1 then
begin
out_self significance(S(root(T1)),root(T1));
/* child_1 self significance */
out_siginificance(sig_val_1);
/* child_I descendant significance */
if S(root(T1))=1 then out_sign_bit(root(T1));
/* sign bit +/
out_self_significance(S.(root(T2)),root(T2));
/* child_2 self significance */
out_siginificance(sig_val 2);

/* child_2 descendant significance */
if S(root(T2))=1 then out_sign_bit(root(12));
/* sign bit +/
out_self_significance(Sx(root(T3)),root(T3));
/% child_3 self significance +/
out_siginificance(sig_val_3);
/* child_3 descendant significance */
if S(root(T3))=1 then out_sign_bit(root(T3));
/* sign bit +/
end
end
create_sig_tree(T, n)
begin
if n=1 then return(Sq(root(T)));
/* leaf node */
partition T into the child subsets {T1,7T2,T3,T4};
sig_val_l=create_sig_tree(Tl, n-1);
sig_val_2=create_sig_tree( ’I? n-1);
sig_val_3=create_sig_tree( T3, n-1);
sig_val_4=create_sig_tree(T4, n-1);
sig_val=sig_val_Il+sig_val_2+sig_val_3+sig_val_4,
if sig_val=0 then return(sig_val);
if sig_val>=1 then sig_val=1;
out_self_significance(S«(root(T1)),root(T1));
/% child_1 self significance */
out_significance(sig_val_l);
/% child_l descendant significance */
if S(root(T1))=1 then out_sign_bit(root(T1));
/* sign bit +/
out_self_significance(, Sn( root(T2)),root(T2));
/% child 2 self significance */
out_significance(sig_val_2);
/* child_2 descendant significance */
if S(root(T2))=1 then out_sign_bit(root(12)),
/* sign bit +/
out_self_sigmfwauce( Su(root(T3)),root(T3)).
/¥ child_3 self significance */
out_significance(sig_val_3),
/* child_3 descendant significance */
if S(root(T3))=1 then out_sign_bit(root(T3));
/* sign bit +/
out_self_sigmﬁmnce( Su(root(T4)),root(T4)),
/* child_4 self significance */
out_significance(sig_val_4);
/* child_4 descendant significance */
if S(root(T4))=1 then out_sign_bit(root(T4));
/% sign bit +/
return(sig_val);
end
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Fig. 9 The comparison of coding rate for Goldhill image
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