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THE IMPLEMENTA TION OF A SPIHT WAVELET CODnEC

Owidio COSMA

Abstract. Finding an efficient way to encade the sufiband eeellicients is csentin for revesling the
patential of the wavelst tansform. Saphings paper (1] imerocluecs th werotrecs, as an imstrusment For
taking advantage of  the corrclation between the coofficients n scveral subbands, The SPIHT cadec
presented m 2] is alés bused on 2erotnes, but achieves betre warnaression. In this paper are presentod the
resnlis of implementing & Jave coder based ar the SPIHT alarithe, with lictle oplirmisstions.
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1. Zerotrees

A zerotree is a quad-iree in which all the nodes are smaller or equal with the rool, Such a
wee can be coded with a single symbol and reconstrscted by the decoder ag & quad-tree filled
with 2eros

The coefficients obtnined by applying the nonstandard wavelel tramsform [3] to an
image can be represented with trees, hecause of the subsampling that is performed in the
transform. Each coetficient in a low subband has four descendents i the next higher suhband,
and every descendent has fouwr other descendents in the next higher subband.

Matural images vsually Tave o low pazz spectrume The energy in the  subbands
decreases as the scale decreases. a0 (he wavelel coefficients will he smaller in the higher
subbands than in the Iower subbands [4]. 151 Fig. 1| presents fhe first 16 % 06 waveler
coefMicients, (the Mirst fowr subthands) for the Lena poriradt, generated with the Villasdnor 18715
filter [4]

2, The SPIHT Coiles

The SPIHT encoder exploits the eeromecs, based on the property that the wavelet
coctlicients usually decrease with scale, and there is a good probabiicy that all the cosMicients
0 o quad-iree will be smaller than o cerain treshold, if the root is smaller than this meshold, IF
the rmage is seanned goving from the lowsst subband to higher subbands, many positions can he
coded efficicotly with zerotrees symbols,
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The algonithen  bulds  the e
followmng data structures: The Liss of ET T
Ingigrificant Sers LIS that containg the
rodts of the zerodress, and tao lists that
hold the coefficients, extracted. from the
tramsformed  image: the Live  of
fsigmificant Pirely LIP, and the Livg of
Sigrificent Picels TAP, The LIP kecps
the coefMcients, that are lower than a
certain iresheld, and. the ST holds the
cocfficignts dhat are  bigger. than . the
reshald [2].

The ﬁ'ﬂluwi::g sets af
coordinates are uaed for presenting the
SPTHT algorithm:

Nt i= all the descendents of the
mode (710 i the quisd-tres
— O =20, 2,028 25+ 1), (2i+ 1, 25). 12

52 1) ) Figure 1
= L A=DY O 6 Coefficiemts ol the wivelet transform.
!-En_lr-mx .||:'j.l|.|'¢|-g
Syl = 4 i I
|0, otherwize

The LIS contams elements. #i,¢) of type A that represent Dviy), amd elements of ope B,
than represent L7,

L1, The encoding algorithin
The image has b xJ pixels, and J is a power of 2,
@y, @E 0 0 bl are the wavelet mansform eoefficients,
The LIF contains the cocfficients o, that are below the treshold o, and LIP the
cocfiicients thal excesded the treshold, in ahsolule value, The clements of the LIS have the
[ollowing structare: ¢, §, fymel,

I.p —ngz{nmxl.lj Cif |]J

oatput 11 =27 f and the averall average o4

mubialize LEP az an emply lis]

acdd the coefficients ¢, in the lowest subband to the LIT

acd the coordinates (7§} in the lowest subband to the LIS, as type A entries
2. for cach coelficent ¢, in the LIP do:
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| il &; {= W . then
olput 1
add the valae | &, | —# o the LSk
wutput the sign of the coeflicient o
| remmovk the coaflicient o, from the LTP
€lse outpat 0
fiur each entry (1) in the LLS do
if the entry is of tvpe A, then
outpu 5,0
i 50001 = 1, then
for each (k1) € O ) do
I 1
if ley,|zn . then

| output 1
add the value | £, , | =7 to the LSF

outprat the sign of the coeflicient g
elas
output {

| | podd the coelMcient o o the LIF
if Liij) # ¢, then

| set the type B for the element (1,71 m the LIS

| encode_ type_D_element i}
elae

| remove the element ¢ from the LIS.
wlse

encode_type_B_element(i)

1 for each element ¢, in the L3P, cxcephing the ones included in the Jast pass, do;

it e, =M , then:

l outpait 1, £, =€, —H
| else oarpul 0
4. p=ui2, gotostepl

[he condition for ending the process, can be related o the reach of a certmin value for
the current meshold 1, or to the length in bits of the resulting code.
encode tvpe P_clementyy i)
output L
il S fLfigd = 1, then
add each clement (k.4 € Qi) to the end of LIS, as a type A glement,
remuove the element (77 from the LIS
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2.1, The decoding algorithim
The elements of the LEP have the stroctune (ijc,,), those of the LIF have the
structure: (4,7, and those of the LIS have the structure: (@, faoe).

I. read w, ! and the overall average o 0

add the coordinates of the lowest subband 1o ihe LIS, as =lements of the form {8541

add the elements (7)) m the lowest subband 1o the [ L1P

mitialize the TSP, as an empty list
2. for each element (60 in the LT do;

| remd the next bit of the cocfficient i The coefficients are read staring with the MSB.
if the read Tl = 1, then
| read the sign 5., of the coetficient ¢, ;

ndd the clement (i %, , -1 J o the LSP

remove the element (77 from the TIP
for each element (7 in the LIS do:
if the element 12,6) 15 of 1ype A, then
read S0 )
il S,fii i) = 1, then

| for each (& { = i) do:
read the mext bit of the coefficientiy,
if the read it = 1, then

read the sign gy of the coefficient oy ;
| add the element & [ 5, , - # ) to the LEP

clac
add the clement (&40 1o the LIP
if L) # @ . then
[ st the tvpe T for the element 00 in the 115
| decode fipe B oelementfy, i)
elge
rermove the element /70 from the LIS

elnn
decode_tvpe B element(i )

3. for cach element (ij. ¢, in the L3P, excepting the oncs added i the last pass, do:
read the next hil of the coefficient ¢,
if" the read bit =1, then

€y =0C ;T8 -, where 5, 15 the sigh of the coefficient-¢; 5
d. r=r/2 potostep 2
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dhe process can contimue wnii] it is reached a certain treshold R,OT @ certain

COMProsson ratic, of o the énd of the inpul data. In the end of the algorithin, the reconsimcted
cocficients are in the LSP, in the farm of (4,f.,;) clements,
decode_type B clementyi il
read Sl s
iT SfEren) =1, then

add cach elemens (k) in N to the LTS, nz a bvpe A element

remorve (3} from the LIS

X Implementation results
My implementation fullows the SPIHT algorithm, with a few optimisitions, The next

two images present the performance of the origingl SPIUT algorithm, compared w iy
implementation (MTLAY).
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Rool Mean Square Brror:

. il g 0 | 1
RMSE = ;—%{E‘, o U = fipiny

= fa

where [, and .J.‘;::..'“" the pixels of the original, and those of the reconsiructed image.
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