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(57) ABSTRACT 

Aprocess is disclosed for compression and reconstruction of 
digital images taking advantage of information entropy 
properties to reconstruct image data from minimal informa 
tion. The algorithm yields the possibility of achieving image 
compression factors of 10,000 to 100,000, thus decreasing 
the necessity of high bandwidth transmission modes for 
image data. The algorithm also has cryptographic properties 
which offer secure transmission of image data over non 
secure data lines. 

1 Claim, 1 Drawing Sheet 

A statutory invention registration is not a patent. It has 
the defensive attributes of a patent but does not have the 
enforceable attributes of a patent. No article or adver 
tisement or the like may use the term patent, or any term 
suggestive of a patent, When referring to a statutory 
invention registration. For more speci?c information on 
the rights associated With a statutory invention registra 
tion see 35 U.S.C. 157. 
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MAXIMUM ENTROPY BASED IMAGE 
COMPRESSION AND RECONSTRUCTION 

PROCESS 

STATEMENT OF GOVERNMENT INTEREST 

The invention described herein may be manufactured and 
used by or for the US. Government for governmental 
purposes Without the payment of any royalty thereon. 

BACKGROUND OF THE INVENTION 

The present invention relates generally image reconstruc 
tion and more speci?cally to a process for reconstruction of 
digital images that takes advantage of information entropy 
properties. 

Lossy image compression algorithms are currently used in 
order to minimiZe storage requirements and transmission 
bandwidth requirements for digital image data. “Lossy” 
compression schemes stand in contrast to “lossless” com 
pression in that lossless compression yields a reconstructed 
image Which is identical to the original image. Lossy com 
pressions rein?ate to an image Which has some degradation. 
The advantages of lossy compression over lossless com 
pression is that much higher compression fractions can be 
achieved With lossy schemes. Further, to the human eye, 
little or no loss can be perceived, Which makes lossy 
compression adequate for may uses. 

Current compression algorithms gain reductions in the 
amount of data storage required by taking advantage of 
redundant information in the original image. These redun 
dancies can be in spatial or spectral domains, or in the time 
domain in video applications Where multiple frames are 
being sent. 

Examples of current image compression and reconstruc 
tion algorithms and systems are shoWn in the following US. 
Patents, the disclosures of Which are incorporated herein by 
reference: 
US. Pat. No. 6,054,943, Apr. 25, 2000, Multilevel digital 

information compression based on LaWrence algorithm, 
LaWrence, John Clifton, 
US. Pat. No. 6,298,162, Oct. 2, 2001, Image 

compression/expansion using parallel decomposition/ 
recomposition, Sutha, Surachai, 
US. Pat. No. 6,259,819, Jul. 10, 2001, Ef?cient method of 

image compression comprising a loW resolution image in the 
bit stream, AndreW, James Phillip, 
US. Pat. No. 6,212,301, Apr. 3, 2001, Systems and 

methods for digital image compression, Warner, Scott J. 
US. Pat. No. 6,243,420 B1, Mitchell et al; US. Pat. No. 

6,222,884, Mitchell et al; US. Pat. No. 6,198,842 B1, Yeo 
et al. All of the patents are related and refer to methods to 
perform multi-spectral (i.e. multi color) image compression. 
The “neW art” described in all three is the method to 
compress multiple color planes into a single plane. The 
actual compression of single plane images relies on methods 
not included in the patent. As described, the patents suggest 
using the JPEG standard. The maximum entropy method I 
describe is a method suitable for single color plane images, 
and could be used With these patents in place of the J PEG or 
GIF standards as the single plane image compressor. 
US. Pat. No. 6,208,754 B1, Abe. The patent presents a 

device that combines three-color data into a single image 
pixel. The resulting single plane image is then expected to be 
compressed using an extant technique, such as JPEG com 
pression. As is the case the Mitchell et al and Yeo et al 
patents, the maximum entropy method could be used in 
place of the JPEG compression With this device. 
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2 
US. Pat. No. 6,295,379 B1, Goldstein et al. The method 

concentrates on a technique primarily for transmission of 
digital video. The image compression technique differs from 
the maximum entropy method of the present invention in 
that it concentrates on a line-by-line compression of images, 
Where the present method compresses the entire image at 
once. 

US. Pat. No. 6,201,614 B1, Lin. This patent is for a 
codebook method to compress dithered images relating gray 
scale levels in dithered images to a codebook entry. The 
present invention uses no codebooks, nor is it limited to 
dithered images. 
US. Pat. No. 6,226,445 B1, Abe. The patent is for a 

device Which alloWs JPEG compression (or any compres 
sion relying on discrete cosine transforms (DCTs)), and 
incorporates copy-protection properties and passWord pro 
tection into the ability to decompress the images. The 
maximum entropy method does not use DCTs. 

US. Pat. No. 6,212,301 B1, Warner et al. The method 
presents a line-by-line image compression method, Which 
alloWs for progressive/iterative improvement of the image as 
it is transmitted. The maximum entropy technique by con 
trast compresses the entire image at once, alloWing for 
greater image compression than line-by-line methods are 
capable of. 
US. Pat. No. 6,298,162 B1, Sutha et al. Compression 

method for massively parallel computers. Method assumes 
an image compression technique Which uses subsampling of 
the images, Which yields advantages for parallel computing 
in that each subsample can be acted on by a separate 
processor. The maximum entropy method described in the 
present invention does not subsample image pixels, and is 
not improved by using parallel computers. 
The standard in lossy compression schemes for image 

data is the JPEG (Joint Photographic Experts Group) algo 
rithm. This is an algorithm based on the Discrete Cosine 
Transform (DCT) and typically achieves compression ratios 
of 20:1. Other lossy techniques include Wavelet transforms, 
vector quantization, and fractal compression. Wavelet trans 
form compression algorithms are similar but make use of the 
discrete Wavelet transform (DWT) rather than the DCT. The 
DWT tend to have improved compression properties over 
DCT schemes, alloWing compression factors of 100:1 With 
fairly mild image degradation. Also, DWT schemes are 
more robust against transmission and decoding errors than 
DCT schemes. Vector quantization (V Q), is a technique 
Which maps blocks of pixels (subsets of the image) to similar 
blocks de?ned in a “codebook” library. Typically compres 
sion ratios of ~50:1 are achieved by this method. Fractal 
compression is a special case of VQ, Where the codebook is 
virtual and made up of fractals from Iterated Functions 
Systems (IFS). These fractal subimages then map the vari 
ous scales, from large to small, making up the entire image, 
the implementation of Which is knoWn as Partitioned Iter 
ated Function Systems (PIFS). Fractal compression offered 
the possibility of 10,000:1 compression ratios, but Was very 
costly (hundreds of hours) in computer time to encode. In 
practice, for non-contrived images, compression ratios from 
4:1 to 100:1 have typically been achieved. 

SUMMARY OF THE INVENTION 

The present invention is a digital image compression and 
reconstruction process that uses an algorithm for compres 
sion and reconstruction of digital images taking advantage 
of information entropy properties to reconstruct image data 
from minimal information. The algorithm yields the possi 



US H2179 H 
3 

bility of achieving image compression factors of 10,000 to 
100,000, thus decreasing the necessity of high bandwidth 
transmission modes for image data. The algorithm also has 
cryptographic properties Which offer secure transmission of 
image data over non-secure data lines. 

The process for each of N functions for N+1 moments of 
siZe distribution image data for (i,j)th pixel is Ilj for the 
continuous function W (x,y) using 

<E>I< = Z ZIijWijk 
i 1' 

Where the information entropy equation becomes 

s E Z Z 1- mi 
i j ‘1 Pi] 

Where pij is noW the prior value of the I,jth pixel. In practice, 
these Will likely be set to unity. 

After the compressed image is transferred over a media to 
a receiver, the reconstructed image pixel values I'lj are 
determined using the Lagrange multipliers Wk, as 

The values of the Lagrange multipliers are determined 
from the solution of the set of N equations, 

N 

w» = E cal-Z knwijn 
. . n:1 

l J 

fork=l,2, N 

Wijk = 0, 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an image compression, transmission and recep 
tion system that uses the process of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

The invention is a neW process for the compression and 
reconstruction of digital image data. The method takes 
advantage of information entropy properties, and maximum 
entropy reconstruction techniques to reconstruct image data 
from minimal information. The algorithm alloWs the 
achievement of image compression ratios of 10,000:1 to 
100,000:1, thus decreasing the necessity of high bandWidth 
transmission modes for image data. The algorithm also has 
cryptographic properties Which Will alloW the secure trans 
mission of image data over non-secure data lines. 

FIG. 1 depicts a functional block diagram of the compo 
nents in one system that uses the invention. FIG. 1 includes 
a digital image 110, an encoder 114, a transmitter 118, a 
communications media 122, an image data stream 126, 
requests for additional data 130, a receiver 134, a decoder 
138, and a display unit 142. 
The digital image 110 is an original, uncompressed image 

composed of lines or roWs of data. Typically the image 110 
is a bi-level or tWo-tone image, such as White and black, in 
Which the roWs of data are composed of bits of data With 0 
and 1 values. In one embodiment of the invention, the image 
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4 
may also be part of a multicolor image, in Which the image 
110 referred to in FIG. 1 is one bit plane in the multicolor 
image, each bit plane representing one color value. For 
example, a color image can be composed of 8 bit planes 
representing 8 basic colors in the image. In one embodiment 
of the invention, and encoder 114 compresses each bit plane 
as though it Were an image 110. 

The encoder 114 is a device or computer program that 
compresses the image 110. The encoder 114 passes a com 
pressed portion of the image 110 to the transmitter 118 as an 
image data stream 126. The image data stream 126 is a 
continuous stream of data that the transmitter 118 transmits 
sequentially through a communications media 122 to a 
receiver 134. 
The communications media 122 is any media suitable for 

transmitting electronic data, including, but not limited to, 
electronic Wire or cable or optic cable. In other 
embodiments, the communications media 122 may be based 
on any suitable part of the electromagnetic spectrum, such as 
visible light, infrared, microWave, or radio Wave transmis 
sions. In further embodiments, the communications media 
122 is based on any communications media suitable for 
transmitting an image data stream of bits from one location 
to another. The communications media 122 may be a con 
nection over a local computer netWork, such as a LAN, or a 
global computer netWork, such as the Internet. 
The receiver 134 is a device or computer program that 

receives the image data stream 126 and passes it to the 
decoder 138. The decoder 138 decompresses the image data 
stream 126 that it has received and produces an uncom 
pressed image for display after the algorithms described 
beloW are used by receiver 134. 

Vicanek and Ghoniem (J. Comp. Phys. 1992. 101, 1) 
developed a maximum entropy technique to reconstruct 
particle siZe distributions if the moments of the distribution 
function Were knoWn. Their method reconstructs particle 
siZe distribution from N+1 moments of the siZe distribution, 
plus a constraint on the minimum particle siZe. The k’h 
moment of the particle siZe distribution f(a) is given by 

Mk :[00 f(a)akda. (1) 

If the upper limit of particle siZe is also constrained, the 
moment equations become 

Mk : famaxfmmk da. (2) 
min 

The Air Force Research Laboratory and the Ballistic 
Missile Defense Organization developed a generaliZed form 
of this method, for expectation values in general, such that 

max 3 

(En :fg f(a)Wk(a)da () 

for any set of N+1 arbitrary functions Wk(a). 
While a ?nite set of measurements, <E>k, do not provide 

sufficient information to uniquely determine the underlying 
function, a feW measurements With different Wk(a) do con 
strain f(a) to a limited class of functions. Of these, We are 
interested in ?nding that Which best ?ts our sample of 
measurements. As Vicanek and Ghoniem note, the most 
general nonlinear reconstruction method available is the 
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maximum entropy approach, Which “provides the means to 
select an unbiased estimate, in the sense of Bayes, of the 
distribution, given only the incomplete information of a 
?nite set of expectation values (moments)”. 

The heart of the method lies in maximizing the informa 
tion entropy, S, Where 

Where f(a) must satisfy the expectation value constraints. 
The function p(a) represents the prior probability or 
measurement, of the state (a,a+da). In our case, We do not 
knoW the a priori probability of a state being ?lled, so We set 
p(a)=l. Maximizing this entropy by introducing Lagrange 
multipliers, kk, for the k expectation values (0 to N) one 
?nds the result 

(5) 

in the case Where We are using moments of the siZe 

distribution, and 

in the general case. The Lagrange multipliers are determined 
from the constraints by solving the non-linear systems of 
equations 

(7) 

min [:0 

for moments, or 

(3) 

amin [:0 

if We consider a generaliZed scheme. We solve this numeri 
cally With a modi?ed PoWell’s hybrid algorithm. 

Extending the above arguments from the one-dimensional 
particle siZe distribution to a tWo-dimensional general 
problem, the method lends itself to image compression. In 
the case of images, the data, Which replaces the siZe distri 
bution function f(a) in the one-dimensional case above, is 
discrete pixel data rather than a continuous functions. I may 
Write the image data for the (i, J)”’ pixel as Iij. Likewise, the 
generaliZed compression functions must tWo-dimensional. 
These functions Will most likely be analytic, continuous 
functions, W(x,y). HoWever, at each pixel the functional 
value Wij can be calculated. The number of Weighting 
functions required, N, Will depend on the degree of com 
pression required and the amount of image degradation (in 
the spatial frequency domain) Which can be tolerated in the 
reconstructed image. The counterpart to equation (3) above 
for the image compression algorithm is 
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Where WiJ-k is de?ned as Wk(i,j). 
The information entropy equation becomes 

(10) 

Where pi]. is noW the prior value of the i,j’h pixel. In practice, 
these Will likely be set to unity. The reconstructed image 
pixel values, I'i], folloWing the form of Eqn. (6) can noW be 
Written using the Lagrange multipliers, M, as 

(11) 

(Note that k=l, . . . , N is noW being counted. In the particle 

siZe distribution case, the numbering k=0, . . . , N Was an 

artifact of needing the Zeroeth moment for particle siZe 
distribution.) As before, the values of the Lagrange mult 
pliers are determined from the solution of the set of N 
equations, 

fork=l,2, N 

(12) 
Wijk =0, 

Prior to compressing images and reconstruction them, the 
N compression functions 

Wk(x,y) for k=l,2, . . . N (13) 

must be developed. The number of compression functions 
needed Will depend on (1) the degree of compression 
required, (2) the amount of spatial frequency degradation 
(loss) to be tolerated, and (3) the degree to Which the 
compression functions being used can capture information at 
all spatial frequencies. 

Image Compression: Following the development of the N 
Compression functions, to compress and transmit the image 
perform the calculation described in Eqn. (9), in order to 
calculate the N expectation values 

fork: 1,2, N. 

For a typical 8-bit image, the required N Will be between 
10 and 100. For a 1024x1024 pixel image, Which, 
uncompressed, Would require 1,048,576 bytes of data trans 
mission or storage, this Would result in a compression factor 
of betWeen 100,000 and 10,000. 

Image Transmission: From sender to receiver, the N 
values of <E> Would be transmitted for each frame of data. 
It is assumed that both sender and receiver have the identical 
compression functions resident With their compression/re 
in?ation softWare. 

Image Re-In?ation: Upon receipt of the set of expectation 
values for a compressed image, the re-in?ation softWare 
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Would ?rst determine the Lagrange multipliers, Wk for k=l to 
N, by solving the set of N equations described in Eqn. (12) 
above. Following this, the re-in?ation software Will solve 
Eqn. (1 l ), resulting in the reconstructed image l'lj. Again, the 
compression functions, Wljk for k=l,2, . . . N, must be 
identical to those used in the image compression step. 

This algorithm maximizes image compression, in order to 
make maximum use of limited transmission bandWidth. The 
re-in?ation step is computationally intensive, but in the 
current bandWidth and computation environment, band 
Width is expensive, but computing poWer is relatively cheap. 
The method presented here Will alloW real time encoding, 
and re-in?ation Which takes seconds. 

The algorithm also has interesting cryptographic proper 
ties. The compression functions are like cryptographic keys 
held by both the compressor and re-in?ator. If these func 
tions are held only by parties, it Would be dif?cult or 
impossible for a third party to reconstruct the images. 

While the invention has been described in its presently 
preferred embodiment it is understood that the Words Which 
have been used are Words of description rather than Words 
of limitation and that changes Within the purvieW of the 
appended claims may be made Without departing from the 
scope and spirit of the invention in its broader aspects. 

What is claimed is: 
1. A digital image compression, transmission and recon 

struction process comprising the steps of: 

Compressing a digital image in Which image data for i”’ 
and 1”’ pixel is lij for a continuous function W(x,y) 
using 
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Where information entropy equation becomes 

1.. 

s5; zlijlnjj 
And Where pij is a prior value of the i,jth pixel, such that 
these are set to unity, and 

transmitting compressed image data over a media to a 
receiver; and reconstructing image data l'ij using a 
Lagrange multiplier yk using: 

Where values of the Langrange multipliers are determined 
from the solution of the set of N equations, 

fork=l,2, N 

Wijk = 0, 

and prior to compressing images and reconstruction them, N 
compression functions are Wk(x,y) for k=l,2, . . . N. 

* * * * * 


