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ABSTRACT 2. BACKGROUND

We apply the framework of multitree dictionaries introduced2.1. Best Basis Search Problem.
Itﬂ cE7;Ji]élt%gseslsggfalgcoalllecl;zlargizgi cc\)/(\jlsrst;]%s\ﬁctihc;rtl L?Srp?rgaorghe general best basis search problem is formulated, for ex-
9 : 9 ple, in [2,11]. We consider a dictionafy that is the

coder outperforms both the quadtree-based approach of [1§fn_

N _ A
and SPIHT [16] for textured images. union of orthonormal bases fd*', D = U B*, where
AeA
each basi®* is a family of N vectors,B* = {g) }1<m<n-
1. INTRODUCTION The cost of representing a sign@in a basisB* is defined
as
= o ()P

A number of research efforts have recently concentrated on C(f,B") = Z o <’7"'2> , (1)
developing adaptive algorithms for representing and approx- m=1 171

imating signals in overcomplete dictionaries. This paper adwhere® is application dependent. Any basis which achieves

dresses thbest basis problerror, more generally, theest  the minimum of the cost'(f, B*) over all the bases in the

representation problengiven a signal, a dictionary of repre- dictionary, is called the best basis.

sentations, and an additive cost function, the aim is to select

the representation from the dictionary which minimizes thes 5 | gcal Cosines.

cost for the given signal. This paradigm has been success-

fully used for problems in compression [7, 10, 13, 15], esti-A local cosine family [12] is defined using cosine functions

mation [3,4,9, 14], and time-frequency (or space-frequencyjnultiplied by overlapping smooth windows. For each dis-

analysis [5, 6, 8]. crete intervalu, v — 1] C Z of lengtha = v — u, we define a
The original papers on best basis search [2] considereffindow functiong, ., which gradually ramps up from zero

the wavelet packet bases and bases of local cosines on dyadft0ne around: and goes down from one to zero around

intervals. In each of these two cases, all the bases in the dié-— 1"

tionary can be organized using a single tree: a dyadic tree in T (t—(u—m)) fu—l-n<t<u—1+n
1-D and a quadtree in 2-D. This organization was exploited 1 ! fu—Li4n<l<o—1L-—
in [2] to devise a fast recursive tree pruning algorithm to findfu, (t) = (w-1/2)—t\ - H _ N
the best basis for any additive cost function. " ( n ) fo—g-mstsv—z+n

Since then, a number of efforts [1,4,5,10] have sought to 0 otherwise,

lift the restrictions that a fixed dyadic/quadtree structure im-where the parameter € R controls how fast the window
poses on the underlying dictionary. In the present paper, weapers off, and- is a monotonically increasing profile func-
build on one such effort reported in [7, 8] where we devel-tion. We always set. — v > 2n. Following [12], we define
oped a new framework of multitree dictionaries. We use thighe discrete local cosine family,, ,, as follows:
framework to design a novel image coder based on lapped v—u—1
orthogonal bases of local cosines. We apply our image cod _ Buw(n)v2 m(k+ %)(n —(u— %))

to the compression of textured images and show thatour new™” | /o —u €08 v—1u

coder outperforms both the quadtree-based coder of [13] and _ )
SPIHT [16]. wheren ¢ Z is a discrete parameter. It can be shown [12]

that this set of signals is orthonormal. A 2-D orthonormal

This work was supported in part by a National Science FoundationlOCal cosine fa'm”)BP can similarly be defined for any rect-
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3. MULTITREE DICTIONARIES AND IMAGE
COMPRESSION.

embedded wavelet coder—on highly textured images. Our
algorithm provides more flexibility in the choice of tilings,
and therefore outperforms the algorithm of [13], as shown
in Fig. 1. We use thred12 x 512 images from [13]: “fin-

erprint,” “Barbara,” and “clown,” shown in the top row of

ig. 1. Rate-distortion curves are plotted in the middle row
of the figure; in addition, the bottom row shows these curves
tile is larger thar2n x 27, induces the 2-D local cosine basis With rates as p?_rcentag_es” of th? rate actli_eved by our algo-

rithm. For the “fingerprint” and “Barbara” images, our al-

x . . i
g tho sli P \INL;E ?é{h ‘gJeB é’ 0 t.a\i/x;les mrcetcC:Jur;if/re]z?lcse cl)iittilrl:n%th gorithm typically achieves about 5% more compression than
; : y y spiting the quadtree-based algorithm of [13] and up to 35% more
angles into pairs of subrectangles. Such a splitting process . u . .
: compression than SPIHT. For the “clown” image which, as

can be represented as a binary tree whose root corresponds : . ) ,
Do remarked in [13], is more wavelet-friendly, our algorithm
to the entire image and whose every node corresponds to a

unique rectangular region of the image. The resulting Ioc:aPerforms similarly to SPIHT (except for very low bit rates
cosine dictionary which consists of all th.e bases corres d/_vhere SPIHT is significantly better) and outperforms the
. ry Whi . . Pon quadtree-based algorithm of [13] by 5-20%.

ing to all such tilings, is easily shown to be a multitree dictio-

nary [7]. The problem of finding the global minimum of the
costC(f, B*) (Eq. (1)) can therefore be efficiently solved
using our search algorithm presented in [7].

3.1. A Multitree Local Cosine Dictionary.

We consider all images supported on a discrete rectangul
domainQ C Z2. Any partiton\ = {P,, P,,..., P;} of
this domain into rectangular tilegg,, P, . .., P; where each
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3.3. Examples
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Fig. 1: Top row: three images; middle row: rate-distortion curves for these images, for our algorithm (dotted line with triangles), the algorithm in [13]
(dashed line with stars), and SPIHT (solid line with circles); bottom row: rate-distortion curves with bit rates as percentages of the bit ralgdaittoar



