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the 144 texture
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that wa, ;n the original
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i, obtained, the difference

a lot of the ,tructure
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Even though
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to re,olve

this problem

in a number of way,
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Consider the sequence
xn:O,7,4,3,5,2,1,7
We can see that all the numbers lie between 0 and 7. a range of values that would require
3 bits to represent, Now suppose we predict a sequence element by the previous element in
the sequence, The sequence of differences
rn=Xn-Xn-l
is given by
rn:O,7,

-3,

-1,2,

-3,

-1,6

If we were given this sequence, we could easily recover the original

sequence by using

Xn = Xn-l + rn,
However,

the prediction

residual values r n lie in the [- 7,7]

range. That is, the alphabet

required to represent these values is almost twice the size of the original alphabet, However,
if we look closely we can see that the value of r n actually lies between -Xn-l and 7- Xn-l ,
The smallest value that r n can take on occurs when Xn has a value of 0. in which case r n
will have a value of -Xn-l'
The largest value that r n can take on occurs when Xn is 7, in
which case r n has a value of 7 -Xn-l'
In other words, given a particular value for Xn-l ' the
number of different values that r n can take on is the same as the number of values that Xn
can take on, Generalizing from this, we can see that if a pixel takes on values between O
and M- I, then given a predicted value X, the difference X -X will take on yalues in the
range -X
[0, M-

to M-

1-

X, We can use this fact to map the difference

I ], using the following

mapping:
0-+0
1-+1
-I

-+ 2
2-+3

-X-+
X + I-+

2X + 1

X+2-+

2X+2

M-I-X-+
where we have assumed that X::: (M-

2X

I)/2,

M-I

values into the range
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Another

approach used by CALIC

cation of a technique
representing
example.

LOSSLESS

IMAGE

COMPRESSION

to reduce the size of its alphabet is to use a modifi-

called recursive

indexing

[76]. Recursive

indexing

is a technique

for

a large range of numbers using only a small set. It is easiest to explain using an

Suppose we want to represent positive

and 7-that

is, a representation

the number to be represented

until the remainder
by 7 followed

works as follows:

If

represent it by that number.

is greater than or equal to 7, we first send the number 7,

number, and repeat the process. We keep repeating

the process

is a number between 0 and 6. Thus, for example, 9 would be represented

by a 2, and 17 would be represented by two 7s followed

when it sees a number
saw 7, would

indexing

lies between 0 and 6, we simply

If the number to be reprcsented
subtract 7 from the original

integers using only the integers between 0

alphabet of size 8. Recursive

between

0 and 6, would

keep accumulating

This method of representation
sequences that follow

the values until

followed

a geometric

by a 3. The decoder,

decode it at its face value, and when it
a value between 0 and 6 was received.

by entropy coding has been shown to be optimal for

distribution

[77].

In CALIC, the representation alphabet is different for different coding contexts. For each
coding context k, we use an alphabet Ak = {0, I, ..., Nk} Furthermore, if the residual occurs
in context k, then the first number that is transmitted
further recursion

We can summarize
, .Find

is coded with respect to context k; if

is needed, we use the k + I context.

initial

the CALIC

prediction
prediction

algorithm

as follows:

X.

2.

Compute

context.

3.

Refine prediction

4.

Update bias estimate.

5.

Obtain the residual and remap it so the residual values lie between 0 and M -I,

by removing

M is the size of the initial

the estimate of the bias in that contex'

6.

Find the coding context k.

7.

Code the residual using the coding context.

All these components
image compression.
of the more involved

7.4

working
However,

where

alphabet.

together have kept CALIC

as the state of the art in lossless

we can get almost as good a performance

aspects of CALIC.

if we simplify

some

We study such a scheme in the next section

JPEG.LS

The JPEG-LS

standard looks more like CALIC

proposals for the new lossless compression

than the old JPEG standard. When the initial

standard were compared, CALIC

in six of the seven categories of images tested. Motivated
from Hewlett-Packard

was rated first

by some aspects of CALIC,

proposed a much simpler predictive

(for low complexity),
that still performed close to CALIC [78].
As in CALIC, the standard has both a lossless and a lossy mode. We will
the lossy coding procedures.

a team

coder, under the name LOCO-I
not describe

