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METHOD OF COMPRESSING AN
ULTRASOUND IMAGE

[0001] The present application claims priority from Korean
Patent Application No. 10-2006-0061088 filed on Jun. 30,
2006, the entire subject matter of which is incorporated herein
by reference.

BACKGROUND

[0002] 1.Field

[0003] The present invention generally relates to a method
of compressing images, and more particularly to a method of
compressing an ultrasound image by using coding pixel val-
ues of the ultrasound image with a Huffman table.

[0004] 2. Background

[0005] Generally, a frame image is composed with ten
thousands to millions of pixels. The number of pixels com-
posing the frame image affects the resolution thereof. The
resolution ofthe image is expressed as 1024*768, 800%640 or
the like. 1024*768 resolution of an image means that the
image is composed with 786432 pixels (1024 rows*768 col-
umns). More pixels mean that the image would be clearer. A
pixel value is usually represented in terms of brightness,
chrominance, luminance and the like. The brightness,
chrominance or luminance may be indicated with an integer
value. For example, the brightness of the pixel is indicated
with levels 0 to 255. The frame image is a huge matrix of pixel
values such as brightness, luminance and chrominance cor-
responding to each of 1024*768 pixels.

[0006] Since the image is composed with tremendous
amount of image data such as the pixel values, data compres-
sion is required to efficiently transmit and store the image
data. In order to compress the image data, the image is parti-
tioned into a plurality of blocks, wherein each block corre-
sponds to an 8*8 matrix. For example, if the image is a matrix
of 1024*728 pixels, then the image is partitioned into 128%*91
(horizontal*vertical) blocks. The block of 8*8 pixel matrix is
a refererice unit for the image compression. The image com-
pression of joint Photographic Expert Group (JPEG) is also
carried out by using this block as a reference unit.

[0007] The image to be compressed is converted from an
RGB color space into an YCbCr color space for JPEG coding
using the following equation (1).

¥Y=0.29900%R+0.58700 *G+0.11400*B
Cb=-0.16874*R-0.33126 *G+0.50000 *B

Cr=0.50000%¥R-0.41869%G-0.108131 *B €8}

[0008] Among Y, Cb and Cr components, one component
(typically Y component) may be stored. Alternatively, three
components Y, Cb and Cr may be stored. Storing the Y com-
ponent means that the image is stored in a gray color.

[0009] R, G and B colors are used for expressing the color
of a pixel in an image file such as BMP, PCX, GIF or the like.
Each color is stored in a same ratio. However, the components
Y, Cb and Crina JPEG file may be stored in a different ratio.
For example, while the Y components of all the pixels are
stored, CB and Cr components of specific pixels may be
selected (referred to as “downsampling”) and then stored. A
downsampling interval is represented as a sampling ratio.
When there is no downsampling, the sampling ratio is of
4:4:4. If the Y component of all the pixels is sampled and the
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CB and Cr components are sampled for an arbitrary one pixel
among 4 pixels, then the sampling ratio is 4:2:0. The amount
of image data can be reduced by adjusting the sampling ratio.
[0010] The block of 8*8 pixels in the downsampled image
is converted into a frequency space by using discrete cosine
transform (DCT), as shown by the following equation (2).

1 . 25+ Dur . Qy+Lva @
Su = ZC,,CV; ;Syxcos 6 sin 6
[0011] Inthe DCT converted block of 8#8 pixels, the value

of a top-left corner represents a DC coefficient. The remain-
ing 63 coeflicients are referred to as AC coeflicients. The DC
coefficient corresponds to a low frequency component repre-
senting a characteristic ofthe block, while the AC coefficients
correspond to high frequency components representing char-
acteristics of pixels in the block. Especially, the brightness of
the block depends upon the DC coefficient. FIG. 1 shows a
specific 8#8 block 10 of an original image. FIG. 2 shows
coefficients in a block 20 obtained by applying DCT to the
8*8 block 10 of the original image.

[0012] Subsequently. quantization is carried out by divid-
ing the DCT coefficients by a constant and then rounding to
the nearest integer. As aresult of the quantization, many of the
higher frequency components are rounded to zero. Further,
many of the remaining components become small positive or
negative numbers, which take fewer bits to store. According
to quantization, the data that are not visibly important in the
DCT coefficients are removed.

[0013] After the quantization, the quantized block is
scanned in a zigzag manner, thereby obtaining an integer
sequence such as an example of [15, 0, -2, -1, -1, -1, 0, 0,
-1]. Subsequently, a bit string compression is carried out for
the integer sequence by using a Huffman coding table. This is
so that the 8*8 matrix is reduced to a combination of a few Os
and 1s. That is, the amount of data of the original 8*8 integer
matrix is considerably reduced through DCT, quantization,
zigzag scanning and Huffman coding,

[0014] The ultrasound image includes a speckle noise,
which is different from general images. Since the speck noise
is a high frequency component, it tends to degrade the com-
pression rate of the ultrasound image. However, the speckle
noise is an important factor for diagnosis. Since the conven-
tional JPEG compression method employs a quantization
table and a Huffman coding table reflecting the characteristic
of the general images, there is a problem in that the speckle
noise becomes damaged during the compression.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] Arrangements and embodiments may be described
in detail with reference to the following drawings in which
like reference numerals refer to like elements and wherein:

[0016] FIG. 1 shows an example of a 8*8 block in an
original image;

[0017] FIG. 2 shows an example of DCT coefficients in a
8%*8 block;

[0018] FIG. 3 shows a zigzag scanning in a quantized
block;

[0019] FIG. 4 is a flow chart showing a process for coding

an ultrasound image in accordance with one embodiment of
the present invention;
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[0020] FIG. 5 shows a conventional quantization table for
luminance components; and

[0021] FIG. 6 shows a conventional quantization table for
chrominance components.

DETAILED DESCRIPTION OF THE PRESENT
INVENTION

[0022] The present invention provides an ultrasound image
compressing method, which conducts coding by using a
Huffman coding table updated by reflecting the frequencies
of appearance of DC and AC coefficients of previously coded
ultrasound images. Hereinafter, one embodiment of the
present invention will be described with reference to the
accompanying drawings.

[0023] FIG.4isa flowchart illustrating a process of coding
an ultrasound image in accordance with one embodiment of
the present invention. As illustrated in FIG. 4, a plurality of
ultrasound images is sequentially inputted at step S41. A
current ultrasound image, among the sequentially inputted
ultrasound images, is partitioned into a plurality of blocks,
wherein the block is an 8*8 pixel matrix. Then, discrete
cosine transform (DCT) is applied to all pixel values of the
corresponding block. This is so that 64 DCT coefficients are
obtained at the block at step S42. Thereafter, the DCT coef-
ficients are quantized. The quantization is carried out by
dividing equalized quantization parameters and rounding off
the division result as the following equation (3),

Svu 3
Sewe = round(—] &

Vi

wherein round( ) represents an operator for rounding off the
division result to the nearest integer. Svu represents a DCT
coefficient and Qvu represents an equalized quantization
parameter. In the quantization of the conventional JPEG com-
pression, the AC coefficients (high frequency components)
and the DC coefficient (low frequency component) within the
block are quantized by using different quantization param-
eters for the respective luminance components and chromi-
nance components.

[0024] FIG. 5 shows a conventional quantization table for
the luminance components. The quantization table 50 for the
luminance components includes 64 quantization parameters
corresponding to the 64 DCT coefficients of the block. As
shown in FIG. 5, the DCT coeflicients corresponding to the
higher frequencies are generally quantized with higher quan-
tization parameters. That is, the AC coefficients, which are far
away from the DC coefficient 51, are quantized with larger
quantization parameters than those of the AC coefficients
close to the DC coefficient 51.

[0025] FIG. 6 shows a conventional quantization table for
the chrominance components. The quantization table 60 for
the chrominance components includes 64 quantization
parameters corresponding to the 64 DCT coefficients of the
block. As shown in FIG. 6, the DCT coefficients correspond-
ing to the higher frequencies are also quantized with higher
quantization parameters. That is, the AC coefficients far from
the DC coefficient 61 are quantized with larger quantization
parameters than those of the AC coefficients close to the DC
coefficient 61. When the DCT coeficients are quantized with
the conventional quantization parameters, the DCT coeffi-
cients corresponding to the higher frequencies experience
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more loss than those of the low frequencies. As such, a loss of
speckle components corresponding to the high frequencies
occurs.

[0026] Therefore, in accordance with one embodiment of
the present invention, the DC coeflicient and the AC coeffi-
cients contained in the same block are quantized with the
equalized quantization parameter Qvu. This is so that the loss
of speckle components corresponding to the high frequencies
can be prevented. That is, since the high frequency compo-
nents and the low frequency components in an ultrasound
image, which contains many high frequency components
compared to the general images, are quantized with an iden-
tical quantization parameter. Thus, a loss of information asso-
ciated with the speckles and the blood flow can be efficiently
suppressed.

[0027] Subsequently. it is checked whether the currently
inputted ultrasound image constitutes a first image at step
S44. 1fit is determined that the current ultrasound image is the
first ultrasound image, then the ultrasound image is coded by
using a typical Huffman table. On the other hand, if it is
determined that the current ultrasound image is not the first
ultrasound image (e.g., the current ultrasound is an n” ultra-
sound image), then the Huffman table used to code a (n—1)"
ultrasound image is updated by reflecting the characteristics
of the first to (n—1)" ultrasound images. To update the Huff-
man table, codewords of the quantized DC and AC values for
the luminance components, as well as the chrominance com-
ponents and the number of each codeword, should be deter-
mined. The codewords may be determined according to the
frequency of occurrence of each value in the corresponding
image frame. That is, when the frequency of occurrence is
higher, the shorter codeword is assigned in the Huffman table.
For example, the length of the codewords corresponding to
the quantized DC values for the luminance components may
be represented in the Huffman table as the following equation

*.

bits_de_luminance[5]={0,1,2,1,4} 4

wherein, the numbers 0, 1, 2, 1 and 4 represent the numbers of
0-bit, 1-bit, 2-bit, 3-bit and 4-bit codewords, respectively.
[0028] The quantized DC values for the luminance compo-
nents corresponding to the equation (4) may be represented as
the following equation (5),

val_dc_luminance[ ]={0,5,1,3,6,4,7,2} (5)

wherein the quantized DC value ‘0’ for the luminance com-
ponent is represented by the 1-bit codeword, the quantized
DC values *5” and ‘1” are represented by the 2-bit codeword,
the quantized DC value “3” is represented by the 3-bit code-
word, and the quantized DC values ‘6’, ‘4’, *7’ and 2’ are
represented by the 4-bit codeword.

[0029] The Huffman table used to code the first ultrasound
image may be set for DC code lengths, quantized DC values,
AC code lengths and quantized AC values for the luminance
components using the following equation (6),

bits__dc_ luminance[16] = (6)
{0,1,5,1,1,1,1,1,1,0,0,0,0,0,0,0 }

val__de_ luminance[ | =
{0,1,2,3,4,5,6,7,8,9,10,11 };

bits__ac_ luminance[17] =
{0,0,2,1,3,3,2,4,3,5,5,4,4,0,0, 1,

val__ac_ luminance[ | =
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-continued

{  0x01,0x02, 0x03, 0x00, 0x04, Ox11, 0x05, 0x12,
0x21, 0x31, Ox41, 0x06, 0x13, 0x51, 0x61, 0x07,
0x22, 0x71, 0x14, 0x32, 0x81, 0x91, Oxal, 0x08,
0x23, 0x42, 0xb1, Oxcl, 0x15, 0x52, 0xd1, 0x10,
0x24, 0x33, 0x62, 0x72, 0x82, 0x09, 0x0a, 0x16,
0x17, 0x18, 0x19, Ox1a, 0x25, 0x26, 0x27, 0x28,
0x29, 0x2a, 0x34, 0x35, 0x36, 0x37, 0x38, 0x39,
0x3a, 0x43, 0x44, 0x45, 0x46, 0x47, 0x48, 0x49,
Oxda, 0x53, 0x54, 0x55, 0x56, 0x57, 0x58, 0x59,
0x5a, 0x63, 0x64, 0x65, 0x66, 0x67, 0x68, 0x69,
Ox6a, 0x73, 0x74, 0x75, 0x76, 0x77, 0x78, 0x79,
0Ox7a, 0x83, 0x84, 0x85, 0x86, 0x87, 0x88, 0x89,
0x8a, 0x92, 0x93, 0x94, 0x95, 0x96, 0x97, 0x98,
0x99, 0x9a, Oxa2, Oxa3, Oxad, OxaS, 0xa6, Oxa7,
Oxag, Oxa9, Oxaa, 0xb2, 0xb3, 0xb4, 0xb5, Oxb6,
0xb7, 0xb8, 0xb9, Oxba, 0xc2, 0xc3, Oxc4, Oxc5,
0Oxc6, Oxc7, 0xc8, 0xc9, Oxca, 0xd2, 0xd3, Oxd4,
0xdS, 0xd6, 0xd7, 0xdR, 0xd9, Oxda, Oxel, Oxe2,
Oxe3, Oxed, OxeS, Oxe6, Oxe7, Oxe8, Oxe9, Oxea,
0xfl, 0xf2, 0xf3, Oxf4, 0x{5, 0xf6, 0xf7, 0x{R,
0xf, Oxfa }

[0030] Also, the Huffiman table used to code the first ultra-
sound image may be set for DC code lengths, DC values, AC
code lengths and AC values for the chrominance components
using the following equation (7),

bits__dc__chrominance[16] = @)
{0,3,1,1,1,1,1,1,1,1,1,0,0,0,0,0 };
val__dc_ chrominance[ | =
{0,1,2,3,4,5,6,7,8,9,10,11 };
bits__ac_ chrominance[17] =
{0,2,1,2,4,4,3,4,7,5,4,4,0,1,2,0x77 };
val__ac_ chrominance[ | =
{ 0x00,0x01, 0x02, 0x03, 0x11, 0x04, 0x05, 0x21,
0x31, 0x06, 0x12, 0x41, 0x51, 0x07, 0x61, 0x71,
0x13, 0x22, 0x32, 0x81, 0x08, 0x14, 0x42, 0x91,
0Oxal, Oxbl, Oxcl, 0x09, 0x23, 0x33, 0x52, 0xf0,
0x135, 0x62, 072, 0xd1, 0x0a, 0x16, 0x24, 0x34,
Oxel, 0x25, 0xf1, 0x17, 0x18, 0x19, 0x1a, 0x26,
0x27, 0x28, 0x29, 0x2a, 0x35, 0x36, 0x37, 0x38,
0x39, 0x3a, 0x43, 0x44, 0x45, 0x46, 0x47, 0x48,
0x49, Oxda, 0x53, 0x54, 0x55, 0x56, 0x57, 0x58,
0x59, 0x5a, 0x63, 0x64, 0x65, 0x66, 0x67, 0X68,
0x69, 0x6a, 0x73, 0x74, 0x75, 0x76, 0x77, 0X78,
0x79, 0x7a, 0x82, 0x83, 0x84, 0x85, 0x86, 0x87,
0x88, 0x89, 0x8a, 0x92, 0x93, 0x94, 0x95, 0x96,
0x97, 0x98, 0x99, 0x9a, Oxa2, Oxa3, Oxa4, Oxas,
0Oxa6, O0xa7, 0xag, 0xa9, Oxaa, 0xb2, 0xb3, Oxb4,
0xb3, 0xb6, 0xb7, 0xb8, 0xb9, Oxba, 0xc2, 0xc3,
0xcd, 0xce3, 0xc6, 0xc7, 0xc8, 0xc9, Oxca, 0xd2,
0xd3, Oxd4, 0xd35, 0xd6, 0xd7, 0xd8, 0xd9, Oxda,
Oxe2, Oxe3, Oxe4, Oxe5, Oxe6, Oxe7, Oxe8, Oxe9,
Oxea, 0xf2, 0xf3, 0xf4, 0xf5, 0xf6, 0xf7, 0x{8,
0xf, Oxfa }

[0031] TIf it is determined that the current image is not the
first image at step S44, then the Huffman table is updated by
using a frequency of occurrence of each quantized DCT coef-
ficient atstep S46a. For example, if the current image is an n™
image, then the frequency of occurrence F, of each quantized
DCT coefficient in the n” image may be calculated using the
following equation (8),

Fy=af b ®
wherein f, represents a frequency of occurrence of an arbi-
trary quantized DCT coefficient in the n” image, and F,

represents a frequency of occurrence of the corresponding
DCT coefficient calculated in the (n-1)* image. o and P
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represent the predetermined weights. The weight o may be
determined to be equal to or greater than the weight . As
shown in the equation (8), the frequency of occurrence of
each DCT coefficient is accumulated to be used in the next
image. If a frequency F,, of occurrence of an arbitrary DCT
coefficient is 0, then the frequency is replaced with 1. That is,
the minimum value of the frequency F, becomes 1. The rea-
son for replacing the frequency of 0 is to produce codewords,
which are not produced up to (n-1)” images, at the n” ultra-
sound image. The Huffman table is updated by using the
frequencies calculated according to the equation (8) at step
S46b. Then, the current ultrasound image is coded by using
the updated Huffman table at step S46¢.

[0032] Thereafter, it is checked whether the current ultra-
sound image is the last ultrasound image at step S47. If the
current ultrasound image is the last ultrasound image, then the
process ends. On the other hand, if the current ultrasound
image is not the last ultrasound image, then the (n+1)™ ultra-
sound image is inputted at step S48 and then the process goes
to the step S42.

[0033] As mentioned above, since the ultrasound image is
quantized with the equalized quantization parameters, the
loss of the speckle components corresponding to relatively
high frequencies can be suppressed. Also, due to the ultra-
sound image coded by using the Huffman table reflecting the
characteristics of the previous ultrasound images, the ultra-
sound image can be efficiently compressed without any deg-
radation thereof.

[0034] A method of compressing ultrasound images with a
Huffman table, comprising; a) receiving consecutive ultra-
sound images each having a plurality of pixels; b) determin-
ing characteristics of the pixels of the ultrasound images; c)
updating the Huffiman table based on the characteristics of the
pixels of first to (n—1)” ultrasound images, wherein n is an
integer greater than 1; and d) coding the pixels of an n
ultrasound image with the updated Huffman table.

[0035] Any reference in this specification to “one embodi-
ment,” “an embodiment,” “example embodiment,” etc.,
means that a particular feature, structure or characteristic
described in connection with the embodiment is included in at
least one embodiment of the invention. The appearances of
such phrases in various places in the specification are not
necessarily all referring to the same embodiment. Further,
when a particular feature, structure or characteristic is
described in connection with any embodiment, it is submitted
that it is within the purview of one skilled in the art to effect
such feature, structure or characteristic in connection with
other ones of the embodiments.

[0036] Although embodiments have been described with
reference to a number of illustrative embodiments thereof, it
should be understood that numerous other modifications and
embodiments can be devised by those skilled in the art that
will fall within the spirit and scope of the principles of this
disclosure. More particularly, numerous variations and modi-
fications are possible in the component parts and/or arrange-
ments of the subject combination arrangement within the
scope of the disclosure, the drawings and the appended
claims. In addition to variations and modifications in the
component parts and/or arrangements, alternative uses will
also be apparent to those skilled in the art.
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What is claimed is:
1. A method of compressing ultrasound images with a
Huffman table, comprising:

a) receiving consecutive ultrasound images each having a
plurality of pixels;

b) determining characteristics of the pixels of the ultra-
sound images;

¢) updating the Huffman table based on the characteristics
of the pixels of first to (n-1)" ultrasound images,
wherein n is an integer greater than 1; and

d) coding the pixels of an n” ultrasound image with the
updated Huffman table.

May 29, 2008

2. The method of claim 1, wherein the step b) includes:

bl) sequentially performing discrete cosine transform
(DCT) for the ultrasound images to produce DCT coef-
ficients;

b2) quantizing the DCT coefficients; and

b3) acquiring the characteristics of the pixels of the ultra-

sound images based on the DCT coefficients.

3. The method of claim 2, wherein the characteristics are
frequencies of occurrence of the DCT coeflicients accumu-
lated from the first to (n—1)" ultrasound images.

4. The method of claim 3, wherein if the frequency of
occurrence is 0, then the frequency of 0 is replaced with 1.

5. The method of claim 2, wherein the DCT coefficients are
quantized with an identical quantization parameter.

* 0ok ok kK
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