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EP O 123 456 B1 
Description 

The present invention relates to a method for processing image signals to remove, redundant 
information thereby making the signals more suitable for transfer through a limited-bandwidth medium. 

5 The present invention specifically relates to methods and apparatus for use in video compression systems. 
Many signal processing techniques useful in video compression systems are known. For example, 

digital encoding is often employed in processing television signals which are to be transferred over 
transmission channels since digital data streams are more immune to noise degradation. 

In order to digitally encode a television signal, a significant number of bits, 4 or more, may be required 
10 to provide for an acceptable range of gray scale for each of the hundreds of thousands of separate picture 

elements (pixels) which form an image. Consequently, data rates for unprocessed digitalized television 
signals typically require a bandwidth greater than 40 megabits per second. If the communications link is an 
earth satellite, an unprocessed video signal typically occupies nearly the entire bandwidth of the satellite, 
with very few channels, if any, left over for other uses. A T1 communication channel is typical and has only 

15 a 1.5 megabit per second bandwidth. A practical yet effective way to reduce the bandwidth of digitalized 
television signals is needed so that fewer channels are required for transmission over a communications 
path and so that the quality of transmitted signals is maintained even when reduced bandwidth 
transmission is employed. 

United States Patent US-A-4,302,775, assigned to the same assignee as the present invention, 
20 describes an improved scene adaptive coding technique which eliminates redundant information and 

thereby reduces the bandwidth. 
The patent describes a single-pass digital video compression system which implements a two­

dimensional cosine transform with intraframe block-to-block comparisons of transform coefficients 
without need for preliminary statistical matching or preprocessing. 

25 Each frame of the video image is divided into a predetermined matrix of spatial subframes or blocks. 
The system performs a spatial domain to transform domain transformation of the picture elements of each 
block to provide transform coefficients for each block. The system adaptively normalizes the transform 
coefficients so that the system generates data at a rate determined adaptively as a function of the fullness 
of a transmitter buffer. The transform coefficient data thus produced is encoded in accordance with 

30 amplitude Huffman codes and zero-coefficient run length Huffman codes which are stored asynchronously 
in the transmitter buffer. The encoded data is output from the buffer at a synchronous rate for transmission 
through a limited-bandwidth medium. The system determines the buffer fullness and adaptively controls 
the rate at which data is generated so that the buffer is never completely emptied and never completely 
filled. 

35 In the system receiver, the transmitted data is stored in a receiver buffer at the synchronous data rate of 
the limited-bandwidth medium. The data is then output from the receiver buffer asynchronously and is 
decoded in accordance with an inverse of the encoding in the transmitter. The decoded data is inversely 
normalized and inversely transformed to provide a representation of the original video image. 

The US-A-4,302,775 patent reduces redundancy by employing intraframe coding techniques 
40 utilizing intraframe comparisons of cosine transform coefficients. While the patent provides significant 

improvement over other techniques, there is a need for even greater compression. 
In addition to intraframe coding techniques, interframe coding techniques have been used to reduce 

the rate required for video transmission. Typically, each video frame is held in memory at both the 
transmitter and the receiver and only frame-to-frame changes are transmitted over the communication link. 

45 In contrast to intraframe coding schemes in which the quality of coded images is dependent upon the 
amount of detail in each single image frame, the quality of the coded image in interframe coding is 
dependent upon the differences from frame to frame. 

Frame-to-frame differences are often referred to as "motion". 
lnterframe coding techniques are broadly classified into two categories, namely, spatial domain coding 

50 and transform domain coding. In one real-time interframe spatial-domain coding system, spatial domain 
data is threshold processed to obtain and store frame difference signals in a transmitter buffer. The 
threshold value is adaptively determined as a function of the transmitter buffer fullness. That system has 
not been entirely satisfactory because a wide range of threshold values is employed and results in a 
displeasing breakdown of the reconstructed image. In order to eliminate the image breakdown, both spatial 

55 and temporal subsampling has been proposed. Although these proposals have resulted in some 
improvement, they have not provided a system with fully satisfactory compression. 

lnterframe coding using transform domain coding has not been widely employed. In most proposed 
systems, the high cost of implementing a real-time spatial-to-transform domain transformer has made 
transform domain coding seem impractical. Nonetheless, several interframe transform coding systems 

60 have been proposed. 

65 

A conditional replenishment transform video compressor is described by Harry W. Jones, Jr. in the 
article "A Conditional Replenishment Hadamard Video Compressor", SPIE Vol. 119, Application of Digital 
Image Processing, (IOCC 1977), pp. 91-98. In that system, the transform coefficients for one frame are 
stored and compared with the transform coefficients for a subsequent frame. If the frame-to-frame 
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threshold coefficient difference exceeds a threshold, the picture image or subimage is considered to have 
changed. 

The coefficient differences are measured relative to preselected vectors of the array of transform 
coefficients. 

5 Another interframe transform coding system is described by J. A. Rose, W. K. Pratt, and G. S. 
Robinson, in an article entitled "lnterframe Cosine Transform Image Coding", IEEE Trar:isactions on 
Communications, COM 25, 11 November 1977, pp. 1329-1339. In that system, frame-to-frame differences 
are employed as part of a differential pulse code modulation predictive coding technique. The transform 
coefficients are predicted using a fixed, first-order linear prediction function. 

10 Another transform domain coding system is described by David N. Hein and Harry W. Jones, Jr., in an 
article entitled "Conditional Replenishment using Motion Prediction", SPIE Vol. 207, Applications of Digital 
Image Processing 111, (1979), pp. 268--277. That system detects and sends only the changed portions of the 
image. The receiver uses the data from the previous frame for the non-changed portion. Such systems are 
known as conditional replenishment systems, since only the changed data is sent (replenished). In the 

15 Jones system, the frame-to-frame difference analysis to determine change is carried on in the spatial 
domain. The conditional replenishment technique of Jones does not achieve fully satisfactory data 
compression. 

While many different signal processing systems have been proposed, including those described 
above, none of them have provided fully satisfactory and sufficient data compression. 

20 Accordingly, there is a need for improved signal processing methods and apparatus for data 
compression systems. 

The present invention is a method for signal processing employing intraframe and interframe variable 
prediction transform coding. Images are represented by sequential frames of two-dimensional arrays of 
digital signals. The digital signals are transformed to form transform coefficients for each frame. Predicted 

25 transform coefficients are formed using sets of variable prediction factors determined as a function of the 
values of the predicted transform coefficients. The predicted transform coefficients for each frame are 
compared with corresponding actual transform coefficients for the frame to form transform coefficient 
difference signals. The difference signals are processed to control their range of values. The prncessed 
difference signals are statistically coded such that the more frequenly occurring values are represented by 

30 shorter code lengths and the less frequently occurring values are represented by longer code lengths. The 
coded signals are stored in a buffer memory for transmission. 

The coded signals in the buffer memory are transmitted, over a limited-bandwidth medium, to the 
receiver along with processing information. The processing information includes codes identifying the set 
of variable prediction factors utilized in the transmitter. The same set of variable prediction factors is 

35 utilized in the receiver to reconstruct predicted transform coefficients which in turn are used to reconstruct 
representations of the original images in the transmitter. 

The present invention employs variable prediction factors because the correlation of corresponding 
transform coefficient from frame to frame, in general, is variable and non-linear. For typical images, the 
correlation of low frequency coefficients is greater than the correlation for high frequency coefficients. The 

40 prediction factors are selected to vary in the manner that the transform coefficients are expected to vary. 
Different sets of prediction factors are selected as a function of frame-to-frame differences in image data. 

The present invention eliminates redundant data in the intraframe spatial domain and in the interframe 
time domain and thereby achieves a significant reduction in the amount of data to be coded and 
transmitted. 

45 The data used for prediction of coefficients is totally historial so that both the transmitter and the 
receiver can predict identical transform coefficients. The data coded is derived from the -differences 
between the amplitudes of the actual coefficients and the predicted coefficients. The variance of the 
difference data is, in general, much less than the variance of the coefficients themselves. 

When the coefficients from frame to frame are highly correlated, that is the differences from frame to 
50 frame are small, only small amounts of data representing the differences are coded and transmitted. 

However, when the correlation is low or entirely absent, then the coefficients themselves are coded and 
transmitted rather than the differences. 

The scene adaptive coding of frame-to-frame coefficient differences using variable prediction of the 
present invention achieves the objective of providing an improved signal processing system which is 

55 capable of reducing the bandwidth required in order to transmit high quality images. 
Additional objects and features of the present invention will appear from the following description in 

which the preferred embodiments of the invention have been set forth in conjunction with the drawings. 
Fig. 1 depicts an image processing system, including a transmitter and receiver connected by a 

transmission line, which employs the transform coding of the present invention. • 
60 Fig. 2 depicts a block diagram of the three-dimensional transform processor utilized in the transmitter 

of the Fig. 1 system. 
Fig. 3 depicts a schematic block diagram of the 3rd dimension (3rdD) coefficient generator utilized in the 

3D transform processor of Fig. 2. 
Fig. 4 depicts a schematic block diagram of the block analyzer utilized in the 3rdD coefficient generator 

65 of Fig. 3. 
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Fig. 5 depicts the contents of the table which is utilized in the block analyzer of Fig. 4. 
Fig. 6 depicts the contents of the range table utilized within the block analyzer of Fig. 4. 
Fig. 7 depicts the predictor which forms part of the 3rdD coefficient generator of Fig. 3. 
Fig. 8 depicts the contents of the coefficient tables which form part of the predictor of Fig. 7. 

5 Fig. 9 depicts a schematic block diagram of the coefficient processor and the statistical coder which are 
part of the transmitter of the Fig. 1 system. 

Fig. 10 depicts the operation of the coefficient processor shown within Fig. 9. 
Fig. 11 depicts the statistical coder shown in Fig. 9 and which is part of the transmitter within the Fig. 1 

system. 
1o Fig. 12 depicts the timing control which forms part of the transmitter control within the transmitter of 

the Fig. 1 system. 
Fig. 13 depicts a schematic block diagram of the decoder utilized in the receiver of the Fig. 1 system. 
Fig. 14 depicts a block diagram of the inverse three-dimensional (3D) processor utilized in the receiver 

of the Fig. 1 system. 
15 Fig. 15 depicts a schematic block diagram of the 3rdD inverse generator which forms a part of the 

inverse 3D processor of Fig. 3. 
Fig. 16 depicts a representation of a plurality of digital image frames 0, 1, ... , f and their organization 

into blocks. 
Fig. 17 depicts a schematic representation of the transformation of spatial image signals to 2D 

20 transform image signals for each of the blocks within the Fig. 16 frames. 
Fig. 18 depicts a schematic representation of the cosine transform coefficients for the fh frame and the 

bth block. 
In Fig. 1, digital signals, representing images to be processed and transmitted to a receiver appear on 

the input bus 12. The system of Fig. 1 is typically a video compression system. The transmitter 24 processes 
25 the digital image signal on bus 12 and provides transmission signals on bus 15. The processing carried out 

by transmitter 24 includes combined intraframe and interframe scene adaptive coding. The signals on bus 
15 are transmitted over a transmission bus 8, or other transmission medium, to a receiver 25. Receiver 25 
receives the transmitted signals on bus 17 and inverse processes the received signals to reconstruct digital 
image signals on output bus 21. The signals on bus 21 are the reconstituted signals representing the digital 

30 input signals on bus 12. 
Each block of a digital image is represented by a two-dimensional array of transform coefficients. In 

general, the correlation of the corresponding coefficients in corresponding blocks from frame to frame is 
variable and non-linear. When the coefficients from frame to frame are highly correlated, that is the 
differences from frame to frame are small, only a small amount of data representing the difference between 

35 predicted and actual values is transmitted. The minimum mean square difference is achieved when the 
predictor, P, used for forming the predicted value has the form, 

P=k (amplitude)+(1-k) (mean amplitude), 

40 where 
k is proportional to correlation. 
Since the mean value of all coefficients is zero, the second term in the above equation can be dropped. 

The coefficient k is known as the "leakage factor" or prediction factor, since for any value less than unity, a 
portion of the transmitted data represents absolute amplitude information and any spurious error will be 

45 incrementally removed, or "leaked away" in subsequent frames. 
In the absence of noise and any frame-to-frame difference, frame-to-frame correlation is uniformly 

unity for all coefficients. Under usual conditions, however, noise-free operation cannot be achieved. In 
practical environments, a large portion of the coefficient set, even from otherwise identical frames, will 
exhibit some small difference. At the low frequency end of the spectrum, correlation tends to be high even 

50 in blocks representing large frame-to-frame differences so that the assigned prediction factor will be close 
to or equal to unity in such cases. The assigned prediction factor varies over the intermediate frequency 
regions according to the magnitude of frame-to-frame differences. 

The variable prediction factors are selected as a function of frame-to-frame differences in the image 
data. The accumulated sum of the transformed image data differences over a block are accumulated to 

55 form a measure of the magnitude of the data correlation within the block. If the accumulated count is high, 
indicating a low correlation, then one set of prediction factors is employed. If the accumulated count is low, 
indicating that the correlation of the blocks from frame-to-frame is high, then another set of prediction 
factors is selected. The magnitude of the accumulated count is used to select which set of prediction factors 
is to be used. Each coefficient within the block is associated with a different prediction factor from the 

60 selected set of factors. The range of the prediction factors in each set is between unity and zero. In general, 
the prediction factors for any particular set varies nonlinearly from coefficient to coefficient. 

65 

In one embodiment, the selection of a set of prediction factors is determined by an analysis of the 
differences between untransformed 2-dimensional spatial digital signals within corresponding blocks in 
sequential frames. 
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In another embodiment, the selection of a set of prediction factors is determined by an analysis of 
frame-to-frame transform coefficient differences. 

The sets of prediction factors are stored in a prediction table. In a preferred embodiment, the prediction 
factors are not utilized as a means of regulating data rate, but as a means of optimizing the reduction in 

5 data required to represent various blocks whose statistics vary with the amount of frame-to-frame 
difference. 

In a preferred embodiment, rate regulation is accomplished primarily by means of thresholding and 
normalization. In the thresholding process, coefficients having an amplitude below a predetermined 
threshold are treated as being the least significant data and therefore, the data which can most readily not 

10 be transmitted. 
In a typical system to be described, the transform coefficients are represented by 12-bit words. With 

twelve-bit words, eight quantization levels are utilized thus allowing accurate regulation of the number of 
coefficients deleted by the threshold process. 

The transmitter functions to process the image data in the same manner as the image data will be by 
15 the receiver. This duplication is carried out in the transmitter so that the transmitter can form an accurate 

difference signal for predicting data for subsequent frames. 

Transmitter/Receiver System-Fig. 1 
In Fig. 1, the 3D transform processor 2 carries out a three dimensional data mapping to generate 

20 coefficients representing the digital image provided on input bus 12. The 3D transform carried out by 
processor 2 includes a 2D transform. The 2D transformation is typically a cosine transform like that 
described in U.S. Patent US-A-4,302,775. Additionally, the 3D transform processor 2 generates 3rdD 
coefficients as a result of frame-to-frame correlation. 

The transform coefficients generated by the 3D transform processor 2 are further processed by the 
25 coefficient processor 3. The coefficients are processed by thresholding and normalization. The processing 

is controlled by the transmitter control 1 in response to the data rates in the statistical coder 4 relative to the 
average or constant data rate over the transmission bus 8. 

The statistical coder 4 statistically codes the signals from the coefficient processor 3 in a manner which 
minimizes the number of data bits required. This coding is achieved by assigning codes having fewer 

30 numbers of bits to data values having higher frequencies of occurrence and assigning codes having greater 
numbers of bits to data values having lower frequencies of occurrence. 

With these operations in the transmitter 24, the transmitter tends to optimize the data rate on bus 15 
whereby the highest quality image is transmitted for the available bandwidth of the transmission bus 8. 

The transmitter 24 performs interframe scene adaptive coding in a manner similar to the intraframe 
35 scene adaptive coding of U.S. Patent US-A-4,302,775. Further details of statistical coding techniques and 

scene adaptive coding are available in that patent and can be utilized in the present system. 
In Fig. 1, the receiver in decoder 6 decodes the received transmission signal on bus 17 to provide the 

received signal on bus 20. The received signal on line 20 is connected as an input to the inverse 3D 
processor 7 which generates the digital image signals on bus 21. The signals on bus 21 are a reconstituted 

40 representation of the digital image signals on input bus 12. 

3D Transform Processor-Fig. 2 
In Fig. 2, the 3D transform processor 2 within the transmitter 24 of Fig. 1 is shown in further detail. The 

processor 2 includes a 2D transform processor 26 connected via bus 28 to a 3rdD coefficient generator 27. In 
45 one embodiment, the 2D transform processor 26 is a cosine transform device like device 18 in the above­

referenced United States Patent US-A-4,302,775. 
Typically, the input signal for each pixel of a digital image on bus 12 of Fig. 1 is designated as f1(j, k)<m. n>· 

With this input, the output from the 2D transform processor 26 is the cosine transform coefficients 
designated as F1(u, v)<m, n>· The subscripts m and n indicate the row and column locations of a block in a 

50 particular frame and the subscript f indicates the frame number. The variables j and k designate the row 
and column location of the spatial domain pixel within a block. The variables u and v are the transform 
variables resulting from the cosine transform of the block of pixels in the J-by-K matrix of pixels in the 
block. 

Referring to Fig. 16, a plurality of frames 144 identified as the frames 0, 1, 2, ... , Fare shown. Each of 
55 the frames represents an image such as a television display or a picture. Each of the frames 144 in turn is 

organized into a matrix of blocks in rows 0, 1, ... , (m-1) and in columns 0, 1, 2, ... , (N-1). In a typical 
example, each frame has 32 rows and 32 columns so that the maximum value of Mand the maximum value 
of N are each equal to 32. 

In Fig. 17, a typical one of the blocks 145 having block coordinates (2, 0) is shown in expanded detail. 
60 The block 145 in Fig. 17 is composed of a J-by-K matrix of pixels 146. In a typical example, the matrix is a 16-

by-16 array of pixels so that the maximum value of both J and K equals 16. 
During the processing of data, each pixel, such as the (1, 0) pixel 146 in Fig. 17, has an amplitude which 

is typically represented by an 8-bit number. The 8-bit numbers representing the amplitudes of pixels 
appear on the input bus 12 one at a time at the sampling frequency, CLK. For 256-pixel blocks, all 256 of the 

65 8-bit digital numbers for one block are input to the 2D transform processor 26 of Fig. 2. 
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The amplitude of each signal on input bus 12 for the (j, k)1h pixel, the (m, n)'h block, and the fh frame is 
designated as f1(j, klcm, n>• 

For each block of pixel amplitudes, as represented by Fig. 17, the 2D transform processor 26 of Fig. 2 
provides a cosine transform to form, for the (m, n)1h block of image signals in the fh frame, the transform 

5 coefficients designated as Fi(u, vlcm, n>• where 
u=cosine transform row coordinate 
v=cosine transform column coordinate. 

10 

The cosine transform of the two-dimensional image array of image signals f1(j, klcm, n> when j, k=0, 1, 
... , N-1, appear on bus 28 of Fig. 2 and are given as follows: 

N-1 N-1 
Fi(u, vlcm, n>=[[4C(u, v)]/N2

] L L [f1(j, k)(m, n>cos[(2j+1)un/2N]cos[(2k+1)vn/2N]] 
j=0 k=0 

15 for u, v=0, 1, ... , N-1, where 
C(u, v)=1/2, for (u, v)=0 

C(u, v)=1, for (u, v),60. 

20 The order in which blocks in each of the frames 144 of Fig. 16 are processed and appear on bus 28 are 
typically the row m and the column n order. In the example described, Mand N are each 32 so that there are 
1024 blocks which are uniquely identified by a 10-bit count designated as the count, b. The 10-bit count is 
conveniently segregated into a 5-bit count which represents the row number m and into second 5-bit count 
which represents the column number n. 

25 Each time a different column in the same row is processed, the column count is incremented. After a 
complete row of columns is processed, the row count is incremented and all of the columns in the next row 
are processed. 

The processing of the transform coefficients F1(u, vl<m, n) does not proceed in the row and column order 
of the u-by-v matrix but, in a preferred embodiment, proceeds along the diagonals of the matrix. 

30 In accordance with the diagonal processing, the coordinates (u, v) are scanned in the order (0, 0), (0, 1 ), 

35 

40 

45 

50 

55 

60 

(1, 0), (2, 0), (1, 1 ), (0, 2), (0, 3), ... , (255, 254), (255, 255). That order of processing row and column 
coordinates (u, v) is represented by the sequence of c numbers, where c is equal to 0, 1, 2, ... , 255, 
respectively. The relationship between the c numbering and (u, v) numbering is shown in the following 
Table I. • 

C 

0, 
1, 2, 
3, 4, 5, 
6, ... , 9, 
10, ... , 14, 
15, ... , 20, 

246, ... , 249, 
250, 251, 252, 
253,254, 
255 

TABLE I 

(u, v) 

(0, 0) 
(0, 1), (1, 0), 
(2, 0), (1, 1 ), (0, 2), 
(0, 3), (1, 2), (2, 1 ), (3, 0), 
(4, 0), (3, 1), (2, 2), (1, 3), (0, 4), 
(0, 5), (1, 4), ... , (4, 1 ), (5, O), 

(0, 13), (1, 12), ... , 
(14, 0), (13, 1), ... , 
(0, 15), (1, 14), .. . 
(15, 1), (14, 2), .. . 

(12, 15), (13, 14), (14, 13), (15, 12), 
(15, 13), (14, 14), (13, 15), 
(14, 15), (15, 14), 
(15, 15) 

t (0, 14), 
, (14, 1), (15, 0), 
, (2, 14), (1, 15), 

The cosine coefficients on bus 28 from processor 26 represented in Fig. 18 are processed in the 3rdD 
coefficient generator 27 in order to remove redundant information. In general, the coefficients for a 
particular frame fare compared with the coefficients for the previous frame f-1. The output on bus 11 is the 
difference signal, e1(u, vlcm, 0 _ 11 which represents the difference between the coefficients in the fh frame and 

65 the predicted coefficients for the fh frame for the block [m, n-1 ], The predicted coefficients are determined 
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as a function of the correlation of corresponding blocks of the fh and (f-1 Jlh frames. When the coefficient 
variables (u, v) are reordered as c and using b to represent (m, n), the difference signal eiu, vJcm, n-11 
becomes e1(c)<b-l)• 

Differential Pulse Code Modulation (DPCM) is a predictive coding technique in which the difference 
5 e1(u, v), between the current coefficient F1'u, v) and an estimate of the coefficient Fl(u., v) is given as follows 

ei(u, v)=Fiu, v)-Fl(u, v). 

The estimation of the coefficient is based upon frame-to-frame correlations between the present frame 
10 and the previous frame. The coefficient for the present frame is defined in terms of the previous frame as 

follows: 

75 The term a(u, v) in above equation is defined as the prediction factor which is given as follows: 

a(u, v)=p(u, v)/[cr2(u, v)] 

where p(u, v) is the covariance of F1(u, v) and F1_1(u, v), and o2(u, v) is the variance of Fi(u, v) with F1_1(u, v), 
20 assumed to be stationary. Both the receiver and transmitter make the same estimation of the coefficient 

value so that the receiver can reconstruct the coefficient from the transmitted signal. 
The signals fed back to processor 2 on bus 13 are the threshold selected and normalized difference 

signals developed by the coefficient processor 3 of Fig. 1. In the 3rdD coefficient generator 27, the feedback 
signal on bus 13 undergoes inverse normalization and threshold adding for use in providing the predicted 

25 value of the transform coefficients. The predicted coefficient values are used for comparison in forming the 
next difference signal on bus 11. Further details of the 3rdD coefficient generator 27 are shown in Fig. 3. 

3'd D Coefficient Generator-Fig. 3 
In Fig. 3, the cosine transform coefficients for the fh frame and the bth block appear on bus 28 with the 

30 values F1(c)b where c has values 0, 1, 2, ... , 255. These coefficients are stored in the block delay 38 for one 
block cycle and provide the one block delayed output on bus 36 as F1(c)<b-l>• The coefficients on bus 36 form 
one input to the subtractor 45. Subtractor 45 receives, from bus 49, the predicted value of coefficients, 
Fl(c)<b-1>• The difference between the predicted value on bus 49 and the actual value on bus 36 forms the 
difference signal, e1(clcb-l) on output bus 11. The difference signal on bus 11 represents the 3D coefficients 

35 with correlation reduced from frame to frame. The correlation is from frame to frame because the predicted 
value on bus 49 is predicted as a function of the previous frame coefficients F'<1_ 1>(c)<b-l) which appear on 
bus 47 from the frame store 41. The superscript "r" signifies that the coefficients have been reconstructed 
from the transmitted difference signals. The difference signals for coding are fed back on bus 13 to the 
inverse normalizing and threshold adding unit 42. When processed by unit 42, the reconstituted difference 

40 signal e{(c)<b-1> is formed on bus 50 and is added to the predicted coefficients on bus 49 to form the 
reconstituted coefficients Ft'(c)<b-l) on bus 48. The reconstituted coefficients on bus 48 are stored for a 
frame delay time in frame store 41 so as to provide the previous frames reconstituted coefficients 
F'<1- 1>(c)<b-l) on bus 47. Frame store 41 also stores the previous frames coefficient for the preceding block, b, 
and provides the reconstituted previous block's coefficients, F'(.f-1i_{c)b on bus 35 to the block analyzer 39. 

45 In Fig. 3, the block analyzer 39 compares the cosine transform coefficients for the fh block and fh frame 
with the reconstituted cosine transform coefficients of the previous frame, the (f-1 )th frame for the 
corresponding bth block. Based upon the magnitude of the difference signal indicating the block-to-block 
difference between the present frame block coefficients and the previous frame block coefficients, block 
analyzer 39 provides an output on bus 46 indicating a selection of one of a number of coefficient tables 

50 within unit 40. Each table stores a different set of prediction factors. If the difference is large, then the 
coefficients from the unit 40 will be all zeros indicating that nothing is subtracted in subtracter 45 from the 
cosine transform coefficients supplied by block delay 38. Under this condition, the actual coefficients from 
block delay 38 without modification appear on the bus 11. If on the other hand, the error signal is small, 
then the coefficients from one of the tables in unit 40 have a greater magnitude. In general, the outputs 

55 from the coefficient tables in unit 40 are nonlinear. Further details concerning the nature of the tables 
stored in unit 40 are described in connection with Figs. 7 and 8. . 

The manner in which the block analyzer 39 compares the fh frame block with the (f-1 )thframe block is 
described further in connection with Fig. 4. 

60 Block Analyzer-Fig. 4 
In Fig. 4, block analyzer 39 of Fig. 3 is shown in further detail. The block analyzer receives one at a time 

the fh frame 12-bit coefficients, F1(c)b, for the bth block on input bus 28 and subtracts from each one the 
(f-,ith frame reconstituted coefficient, F<1_ 1>(c)b, on.bus 35 to provide a 12-bit difference sign<!I on bus 65. 
The signal on bus 65 addresses table 61 to provide on bus 66 a nonlinear 8-bit weighting factor which is a 

65 function of the difference signal on bus 65. The weighting factor from table 61 on bus 66 is added to the 
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accumulated block weighting factor which is stored in accumulator 63. Accumulator 63 has the 
accumulated weighting factors for all prior coefficients (c=0, 1, 2, ... , 255) within the same block, b. The 
accumulated output from accumulator 63 addresses a table 64 to specify one of several different sets of 
prediction factors. 

5 Fig. 5 depicts typical data stored in table 61. The bus 65 [L65] signal includes 11 data bits which address 
table 61 and a 12th sign bit. The sign bit is ignored. 

Fig. 6 depicts the data stored in table 64. 
Typically the output from table 64 is a 2-bit signal which indicates one of four prediction factor tables in 

the unit 40 of Fig. 4. 
10 Each one of the 256 coefficient differences for c=0, 1, 2, ... , 255 provides an input to the adder 62 from 

table 61. Adder 62 adds the value from table 61 with the accumulated value in accumulator 63. Accumulator 
63 can accumulate up to a value of 216

, which is equal to 65,536. The 16-bit values on bus 68 produces, in 
one example, one of four outputs from the range table 64. If the accumulated value in accumulator 63 is 
less than 50, then the output is 0. If the accumulated output is between 50 and 100, the output is 1. If the 

15 output is between 100 and 200, the output from table 64 is 2. If the accumulated value and accumulator 63 is 
greater than 200, then the output from table 64 is 3. The four different values, 0, 1, 2, or 3 output from table 
64 are encoded on the 2-bit bus 46 to specify one of four sets of prediction factors in tables TO, T1, T2 and 
T3, respectively in the unit 40 of Fig. 3. Further details of the tables and the predictor unit 43 of Fig. 3 are 

20 
shown in Fig. 7. 

Predictor Unit-Fig. 7 
In Fig. 7, the memory 70 stores the four tables TO, T1, T2 and T3. The particular one of the four tables 

selected is determined by the block analyzer of Fig. 4 by the 2-bit signal on bus 46. Each one of the tables in 
memory 70 stores up to 256 different 12-bit values, one for each of the coefficients in a block. The values 

25 from the tables are addressed one at a time by the 8-bit address on bus 99 to provide the 12-bit output on 
bus 58. The values in the tables of the coefficient memory 70 have a magnitude between 0 and 1. These 
values determine the leakage factor, K, for each value of the reconstituted coefficient F'11_ 11(c)1b_, 1 for c equal 
to 0, 1, ... , 255. The leakage factor for each value of c, is accessed from the memory 70 and appears on bus 
58 to be multiplied by the corresponding reconstituted coefficient value on bus 47. Multiplier 71 multiplies 

30 the coefficient value times the leakage factor to produce the predicted value of the transform coefficient, 
F,P(c)<b-,1, on the 12-bit bus 49. 

The predicted value of the transform coefficient on bus 49 is the one connected to the subtractor 45 and 
the adder 44 in the coefficient generator of Fig. 3. 

In Fig. 7, the reconstituted transform coefficient F/(c)<b-ll formed from the adder 44 in Fig. 3 is stored in 
35 one of the memories 72-1 or 72-2 each CLK cycle. The reconstituted transform coefficient is connected for 

storage either in the first frame memory, 72-1, or the second frame memory 72-2. Memories 72-1 and 72-2 
are each logically orgnaized into 1024 by 256 locations where each location stores a 12-bit word from bus 
48. At any one time, one of the memories 72-1 or 72-2 is storing information from bus 48 while the other of 
the memories, 72-1 or 72-2 is being read out to provide the transform coefficient to the block delay memory 

40 74. 
Because of the delays inherent in the processing loop of Fig. 3, the addressing of the coefficient 

memory 70, and the frame memories 72-1 and 72-2 are skewed in order that the correct transform 
coefficient values appear in the correct time sequence. The addressing of each of these memories is under 
control the address control 69 which forms a part of the transmitter control 1. The basic timing and 

45 addressing is determined by the data rate of input data on the bus 12 to the transmitter of Fig. 1. If the input 
data rate is the clock rate, CLK, then a new address for each transform coefficient is generated each CLK 
period. One convenient way of generating the addresses for the coefficients is to step a coefficient counter 
with the CLK signal as shown, for example, in Fig. 12. 

In Fig. 12, the coefficient counter 133 is an 8-bit counter which provides the coefficient count C01 on the 
5o 8-bit address bus 136. The carryout from the coefficient counter 133 is the coefficient sync pulse, Csync on 

bus 137. The carryout from counter 133 clocks a 10-bit block counter which provides a 10-bit block address, 
Bc1, on the bus 138. The carryout from the block counter is the block sync pulse, Bsync, on the bus 139. The 
carryout from counter 134 clocks a 1-bit counter 135 which is an odd and even frame indicator, providing 
the 1-bit output on bus 140. 

55 The address control 69 of Fig. 7 receives the output buses and lines 136 through 140 for controlling the 
address generation for the memory 70 and 72-1 and 72-2. 

In Fig. 3, the coe_fficient count, C01 addresses the 256-by-12 word memory of the block delay 38 to store 
the transform coefficient F1(c)b for all 256 values of the bth block. Accordingly, the output from the block 
delay 38 is the (b-1)th block. Also, the output from the predictor 43 is for the (b-1)ih block. 

60 In Fig. 3, the block analyzer 39 does the analysis on the bth block so that the output from the predictor 43 
is also for the bth block, but for the (f-1 )1h frame. Accordingly, the block analyzer 39 does an analysis on the 
bth block for the fh and the (f-1)1h frames. In order that the correct block information is read into and 
accessed from and to the memories of Fig. 7, the address control 69 generates the required addresses. 

The information stored in memory 72-1 and the memory 72-2 is offset as a function of the number of 
65 delays in the Fig. 3 processing loop. Of course, the offset can be any number of cycles. In the particular 
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example shown, there is a one-block offset. When memory 72-1 is reading information, then generally 
memory 72-2 is a writing information. In one period, all of the 256 12-bit coefficients for each of 1,024 blocks 
are stored into memory 72-1. After being stored in memory 72-1 for one frame, the next frame of 
coefficients is stored in the memory 72-2. While the coefficients for the second frame are being stored in 

5 memory 72-2, the coefficients from the previous frame are read from the memory 72-1 to form the (f-1 Jlh 
frame coefficients F•(t-l)(c)b. Because the block addresses are skewed by one block address count, the 
system must read the memory address for the bth count one block cycle earlier than the writing of the 
(b-1 Jlh block count. This offset in the block addressing is controlled by the address control 69. Of course, if 
more than one block address count delay is encountered in the Fig. 3 loop, then a greater offset between 

10 the block memory addresses must be employed. 
In Fig. 7, the block delay 74 is a 256-by-12 memory storing 12-bit words and delays each block read 

from memory 72-1 or 72-2 by one block delay. Accordingly, the bth block appears on bus 35 when the 
(b-1 Jlh block appears on bus 47. 

In Fig. 8, further details of the prediction factor tables TO, T1, T2 and T3 within the coefficient memory 7 
15 of Fig. 7 are shown. When the output from the range table of Fig. 6 is a 0, the TO prediction factor is 1.0 

meaning that the predicted value of the coefficient F,P(c),b_,, is the same as the reconstituted value of the 
transform coefficient, F'(i-1)(c),b_,,. When the output from range table 64 is a 1, the T1 prediction factor of 
Fig. 8 is selected. The prediction factor of table T1 has a nonlinear value which starts at 1.0 and decays to 
approximately 0.5 as a function of the coefficient number, represented by the coefficient count Cc1, which 

20 ranges between 0 and 255 for each block. 
When the table T2 is selected, the prediction factor ranges in nonlinear way from 1.0 down to close to 0. 

When the table T3 is selected the prediction factor is 0 indicating that the predicted coefficients are all 0. 
The different sets of prediction factors of Fig. 8 represent the statistically predicted properties of cosine 

transform coefficients as a function of frame-to-frame transform coefficient comparisons performed by 
25 block analyzer 39. 

Coefficient Processor-Fig. 9 
In Fig. 9, the coefficient processor 3 within the transmitter 24 of Fig. 1 is shown in further detail. The 

difference signal, e1(u, v)<b-l) which is equal to e1(c),b_,, is input on the 12-bit bus 11. A threshold value, Tc, is 
30 subtracted from the difference signal on bus 11 and that difference is output on 12-bit bus 78. The sign bit of 

bus 11 bypasses units 76 and 77 and is reconnected to bus 13. In one embodiment, Tc is a constant number, 
for example, 1.5. The difference signal on bus 78 after subtracting the threshold value in subtracter 76 is 
normalized by a normalization factor 1/N1. The normalizer 77 is a multiplier which multiplies [er(c)(b-,,-Tc] 
by the factor 1/N1. In a typical example, N1 ranges between 4 and 16 and is dynamically specified by the 

35 coefficient processor control 81 on the 4-bit bus 86. Since the input on bus 78 ranges from -2048 to +2047, 
the normalized output on bus 13 will range from Oto 128 for N, equal to 16 to a range of Oto 512 when N1 is 
equal to 4. The magnitude of N1 is dynamically varied by the processor control 81 to control the rate at 
which data is generated in the statistical coder 4 of Fig. 9. In an alternated embodiment, the threshold Tc is 
dynamically controlled by the processor control 81 and appears on the 12-bit bus 85. When the value of Tc 

40 is dynamically controlled, the rate at which data is generated in the statistical coder 4 will vary also. 
The operation of the coefficient processor of Fig. 9 is represented by the graph of Fig. 10. The range of 

input numbers on the 12-bit bus 11 is represented by the horizontal axis labelled [L 11 ]. The controlled range 
of output numbers on 9-bit bus 13 is indicated by the vertical axis labelled [L 13]. 

In Fig. 9, the coefficient processor 3 functions to reduce the input data range from -2048 to +2047 to a 
45 variable output range which can be as large as Oto 512 and as small as Oto 128. This range is dynamically 

controlled in accordance with the operation of the statistical coder 4 of Figs. 1, 9 and 11. 

Statistical Coder-Fig. 11 
In Fig. 11, the statistical coder 4 includes a coder 82 and a transmitter buffer 83. The coder receives the 

50 output bus 13 from the coefficient processor and stores the output value of the coefficient difference in the 
coefficient register 102. A zero detector circuit 101 senses whenever the level of the signal on bus 13 is zero 
to control the selector 109. Selector 109 selects between the contents of the coefficient register 102 and the 
run length counter 103. Counter 103 is incremented each time a zero is stored into register 102. The run 
length counter 103 is selected by the selector 109 whenever zero detector 101 detects a 0. 

55 Whenever zero detector 101 detects a non-zero condition, selector 109 selects the non-zero value from 
coefficient register 102 and resets the run length counter 103. The selected value from register 102 or from 
the counter 103 is input to the Huffman table 111. Table 111 provides a 20-bit output to the Huffman table 
register 112. The 20-bit output from table 111 has a 4-bit field which designates the number of bits in the 
code, between 0 and 16, and a code which is from Oto 16 bits long. The 4-bit code length is input to a format 

60 control 113 and the 0-to-16 bit code is input to a selector 110. Huffman table 111 only has its output latched 
into the register 112 when the zero detector 101 signifies that a non-zero output has been latched into 
register 102. Accordingly, the highest count from the run length counter 103 or numbers from register 102 
cause data to be latched into register 112. The use of run length encoding to recognize long strings of zeros 
significantly reduces the data output from table 111. While a coefficient difference value appears on bus 13 

65 each CLK cycle, an output from register 112 only cocurs in response to non-zero values of data on bus 13. 
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The operation of the coefficient processor 3 of Fig. 9, however, converted many of the small difference 
values, that is, those less than the threshold Tc, to zero values. Further, the normalization by Ni reduces the 
amplitude of coefficient differences in register 102 further reducing the length of the codes from table 111. 
Therefore, the combined operation of the coefficient processor 3 and the statistical coder 4 significantly 

5 reduces the amount of data which is output through register 112. 
Selector 11 0, under control of the 16-bit format control 113 packs the data into 16-bit lengths into the 

format register 114. In addition to the encoded data from the register 112, selector 110 selects a number of 
other data fields to be transmitted to the receiver. The data fields typically include a 16-bit synchronization 
code (SYNC) from a sync generator 104, an end of block code (EOB) from the end of block generator 105, 

10 the threshold value, Tc, in register 106 received from the coefficient processor control 81 of Fig. 9, the 
normalization factor Ni stored in register 107 from the coefficient processor control 81 of Fig. 9 an~ the 
coefficient table number, CT, in register 108 from the 2-bit bus 46 from the block analyzer of Fig. 4. 
Transmission data has the format of the following Table II and Table 111. 

15 

• 20 

25 

30 

Sync 
(16) 

TABLE II 

Hdr NF BO B1 B2 
(4) (4) 

TABLE Ill 

B(X-1) Sync 
(16) 

Bx: [Block x, x=0, 1, ... , (X-1)] where X typically=1024 

CT AO A1 A2 A3 RO A4 R1 A5 R2 
(2) 

CT=Prediction factor table 
A0=DC value for lntraframe only 
Ai=Amplitude code, i=0, n 
Rj=Run length code, j=0, m 
EOB=End of Block code. 

Rm An EOB 

Format control 113, packs the data in the format of Table II and Table Ill into the format register 114. 
35 Whenever the format register 114 is full, the data is transferred to the transmitter buffer memory 116. In one 

typical example, the buffer memory 116 includes 32K 16-bit words. Buffer 116 is filled under control of the 
buffer control 115 at the asynchronous rate at which data is generated. Buffer memory 116 is emptied 16 
bits at a time into the parallel serial register 117 at 1116th the synchronous data rate on the bit-serial 
transmission bus 15 ouptut. The fullness of the buffer memory 116 is determined by the buffer control 115 

40 in any conventional manner and provides the buffer fullness indication on the output bus 80. One method 
of generating the buffer fullness signal is described in U.S. patent US-A-4,302,775. The buffer fullness 
signal on bus 80 is input to the coefficient processor control 81 of Fig. 9 to alter the normalization factor, Ni, 
and/or the coefficient threshold, Tc. Altering of these factors directly affects the rate at which data is output 
from the Huffman table register 112 of Fig. 11. 

45 In Fig. 13, the decoder 6 within the receiver 25 of Fig. 1 is shown in further detail. The decoder includes 
a sync detector 89 which detects the synchronization pattern within each frame of data transmitted by the 
transmitter. The detected sync signal enables the Huffman decoder 90 to decode the Huffman data and 
store it into the buffer 91. The data from the buffer 91 is inverse normalized in inverse normalizer 93 and 
inverse thresholded in unit 156. 

50 The sync detector 89 includes a serial/parallel register 151 which synchronously stores each bit on the 
1-bit input line 17. Register 151 provides a 16-bit output as one input to the comparator 152. The other input 
to comparator 152 is from the sync register 153. Register 153 stores the same 16-bit synchronization code 
provided by the sync generator 104 of Fig. 11. Whenever the comparator 152 detects that the pattern stored 
in the register 151 is the same as the sync code from register 153, the sync signal output on line 154 is 

55 asserted. The sync signal on line 154, together with the CLK input, synchronizes the timing in the timing 
control 129. Timing control 129 includes a counter chain, like that of Fig. 12, and other conventional 
controls for controlling the unpacking of data in the receiver. 

The Huffman decoder 90 is a bit-serial decoder which receives the one-bit input data from the 
transmission line 17 and unpacks the data from the format previously described in connection with the 

60 formats of Table Ill. 
The unpacked data is stored in the buffer memory 91. Buffer memory 91 is typically 32K by 9 bits and is 

addressed to store information output from the Huffman decoder .90. The unpacked information from the 
buffer91 is output over the 9-bit bus 96 and is input to various registers. The sign bit is stored in the register 
100', the prediction table number,½ is stored in the register 108'. The normalization factor, Ni, is stored in 

65 the register 107'. The coefficient threshold, Tc, is stored in the register 106'. The zero counter 103' stores the 
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run-length count. The register 112' stores the 8-bit transform coefficient differences. The output from the 
register 112 is zero whenever a non-zero count is stored in the zero counter register 103'. Counter 103' is 
decremented each CLK time. Whenever the zero counter 103' has been decremented to 0, then the 
coefficient from register 112' is gated as an input to the multiplier 93. 

5 Multiplier 93 multiplies the coefficient by the inverse normalization factor, N1, to provide the 11-bit 
output on bus 155. The inverse threshold table 156 adds the threshold, T0 , to all non-zero values on bus 155 
to provide the inverse processed signals on the 11-bit output from table 156. The sign bit from register 100' 
is combined with the 11-bit output from table 156 to form the signed signal on 12-bit bus 20 which 
represents the received coefficient difference signals. 

10 In Fig. 15, the 3rdD inverse coefficient generator 51 of Fig. 14 is shown in further detail. The 12-bit 
difference signals on bus 20 provides one input to the adder 128. The other input to adder 128 is the 
reconstructed predicted value of the transform coefficient on bus 158. The value on 158 is derived by 
storing the output value from adder 128 into a frame memory 159. The value from the frame memory 159 is 
delayed one frame cycle to provide the 12-bit (f-1 )1h value on bus 160. The (f-1)1h value on bus 160 is 

15 multiplied by a prediction factor from the predictor table 162. The predictor table 162 is like the predictor 
table 70 of Fig. 7 and is addressed in the same way under control of the address control 69'. The address 
control 69' is analogous to the address control 69 in the predictor 43 of Fig. 7. 

The output on bus 53 is the recovered value of the transform domain coefficients. The recovered value 
on bus 53 is input into the inverse 2D transform processor 52 of Fig. 14 and produces the recovered digital 

20 image signals on output bus 21. 

Claims 

1. A method for processing image signals to reduce the amount of data utilized to represent images 
25 where the images are defined by a sequence of frames where each frame includes a two-dimensional array 

of digital signals representing the image, the steps comprising, 
transforming the digital signals to form transform coefficients for each of a plurality of frames in the 

sequence of frames; 
forming predicted transform coefficients for a first frame using prediction factors; 

30 comparing said predicted transform coefficients with corresponding transform coefficients of a second 
frame to provide transform coefficient difference signals for each of the coefficients of said second frame; 
and 

coding said difference signals; 
characterised in that there are further provided the steps of variably determining said prediction factors 

35 as a function of the values of the predicted transform coefficients and of processing said transform 
difference signals, before coding, to form processed difference signals having a controlled range of values; 
and 

the coding step comprises coding said processed difference signals to form statistically coded signals 
such that the more frequently occurring values of coded signals are represented by shorter code lengths 

40 and the less frequently occurring values of coded signals are represented by longer code lengths. 
2. The method of claim 1, wherein said variable prediction factors are determined as a function of 

frame-to-frame differences in said images. 
3. The method of Claim 2, wherein said variable prediction factors are determined in response to 

frame-to-frame comparisons of said transform coefficients. 
45 4. The method of Claim 2, wherein said variable prediction factors are determined as a function of 

frame-to-frame comparisons of said digital signals. 
5. A method for processing image signals to reduce the amount of data utilized to represent images 

where the images are defined by a sequence of frames where each frame includes a two-dimensional array 
of blocks where each block includes a two-dimensional array of digital signals representing the portion of 

50 an image within the block, the steps comprising, 
transforming the digital signals to transform coefficients for each block for each of a plurality of frames 

in the sequence of frames; 
forming predicted transform coefficients for each block of a first frame using prediction factors 

determined for each block; 
55 comparing said predicted transform coefficients with corresponding transform coefficients of a 

corresponding block of a second frame to provide transform coefficient difference signals for each of the 
coefficients in each of the blocks of said second frame; and 

coding said difference signals; 
characterised in that there are further provided the steps of variably determining said prediction factors 

60 as a function of the values of the predicted transform coefficients, processing said transform difference 
signals for each block, before coding, to form processed difference signals having a controlleo range of 
values, and storing said coded signals in a buffer memory, and 

the coding step comprises coding said processed difference signals to form statistically coded signals 
such that the more frequently occurring values of coded signals are represented by shorter code lengths 

65 and the less frequently occurring values of coded signals are represented by longer code lengths. 
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6. The method of Claim 5 wherein the step of forming predicted transform coefficients includes, for 

each block, 
comparing data elements in a block of said first frame with data elements of a corresponding block in 

said second frame to form a data comparison signal, 
5 weighting said comparison signal to form a weighted comparison signal, 

accumulating said weighted comparison signal for each of the data elements in the block to form an 
accumulated count for the block, 

selecting a set of said prediction factors for the block as a function of said accumulated count. 
7. The method of Claim 6 wherein said data elements are transform coefficients. 

70 8. The method of Claim 6 wherein said data elements are said digital signals. 
9. The method of Claim 5 wherein the step of forming predicted transform coefficients includes, for 

each block, 
comparing each transform coefficient in a block of said first frame with a corresponding transform 

coefficient of a corresponding block in said second frame to form a coefficient comparison signal, 
15 weighting said comparison signal to form a weighted comparison signal, 

accumulating said weighted comparison signal for each of the coefficients in the block to form an 
accumulated count for the block, 

selecting a set of said prediction factors for the block as a function of said accumulated count. 
10. The method of Claim 9 wherein said set of prediction factors is unity whenever the accumulated 

20 count is below a first accumulated count value and wherein said set of prediction factors is zero whenever 
said accumulated count exceeds a second accumulated count value. 

11. The method of Claim 10 wherein said set of prediction factors is bounded by unity and zero and 
wherein said factors vary for each transform coefficient difference in the block whenever said accumulated 
count is between said first and second accumulated count values. 

25 12. The method of Claim 11 wherein said factors vary non-linearly such that the factor is greater for 
coefficient differences corresponding to low frequencies and lower for coefficient differences 
corresponding to high frequencies. 

13. The method of Claim 9 wherein said set of prediction factors is unity whenever the accumulated 
count is below a first accumulated count value. 

30 14. The method of Claim 9 including loading a replenishment signal into said buffer memory in place of 
said coded signals whenever said accumulated count is below a first accumulated count value to signify 
that the coefficients for the block of the second frame are to be interpreted as the same as the coefficients 
for the block of the first frame. 

15. The method of Claim 5 wherein the step of storing said coded signals in a buffer memory increases 
35 the fullness of said buffer memory and further including the steps of, 

unloading said coded signals from said buffer memory for transmission thereby reducing the fullness 
of said buffer memory, and 

adaptively controlling the processing of said transform difference signals as a function of the fullness 
of said buffer memory to control the range of values of said processed difference signals whereby the 

40 amount of data representing the images in said coded signals is adaptively controlled. 
16. The method of Claim 15 wherein said processing step includes a normalization step whereby each 

of said difference signals is multiplied by a normalization factor 1/N1 to form a normalized processed 
difference signal and wherein said step of adaptively controlling varies N1 as a function of the fullness of 
said buffer. 

45 17. The method of Claim 16 wherein said processing step includes the step of reducing any normalized 
processed difference signal having a value less than a threshold, Tc, to zero value to form said processed 
difference signals and wherein said coding step includes a run-length coding step representing sequential 
ones of said processed difference signals with zero value in run-length code. 

18. The method of Claim 17 wherein said coding step includes a statistical coding step for coding said 
50 run-length code and said processed difference signals. 

19. The method of Claim 16 wherein the step of forming predicted transform coefficients includes, for 
each block, the steps of, 

comparing each transform coefficient in a block of said first frame with a transform coefficient of a 
corresponding block in said second frame to form a coefficient difference signal, 

55 accumulating said coefficient difference signals for each of the coefficients in the block to form an 
accumulated count for the block, 

selecting a prediction factor as a function of said accumulated count, 
multiplying said processed difference signals by the factor N1 to form a reconstituted difference signal 

and adding said reconstituted difference signal to said predicted transform coefficients to form 
60 reconstituted transform coefficients and multiplying said reconstituted transform coefficients by a 

prediction factor within said set to form a predicted transform coefficient for a subsequent frame. 
20. The method of Claim 16 wherein the step of forming predicted transform coefficients includes, for 

each block, the steps of, 
comparing each transform coefficient in a block of said first frame with a transform coefficient of a 

65 corresponding block in said second frame to form a coefficient difference signal, 
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accumulating said coefficient difference signals for each of the coefficients in the block to form an 
accumulated count for the block, 

selecting a prediction factor as a function of said accumulated count, 
multiplying said processed difference signals by the factor N1 and adding T0 to non-zero values of said 

5 processed difference to form reconstituted difference signal and adding said reconstituted difference signal 
to said predicted transform coefficients, 

10 

selecting a prediction factor as a function of said accumulated count, 
modifying representations of the transform coefficients for the block as a function of said prediction 

factor to f~rm said predicted representations. 

Patentanspruche 

1. Verfahren zur Verarbeitung von Bildsignalen, um die zur Darstellung von Bildern verwendete 
Datenmenge zu reduzieren, wobei die Bilder durch eine Folge von Teilbildern gebildet sind, und jedes 

15 Teilbild ein zweidimensionales Feld von digitalen Signalen enthalt, welche das Bild reprasentieren, mit den 
Verfah rensschritten: 

Umformen des digitalen Signals, um Transformationskoeffizienten fur jedes aus einer Vielzahl von 
Teilbildern in der Folge von Teilbildern zu bilden; 

Bilden von vorausgesagten Transformationskoeffizienten fur ein erstes Teilblid unter Verwendung von 
20 Voraussagefaktoren; 

Vergleichen der vorausgesagten Transformationskoeffizienten mit entsprechenden 
Transformationskoeffizienten eines zweiten Teilbildes, um Transformationskoeffizienten-Differenzsignale 
fur jeden der Koeffizienten des zweiten Teilbildes bereitzustellen; und • 

Kodieren der Differenzsignale; 
25 dadurch gekennzeichnet, daB als weitere Verfahrensschritte variables Bestimmen der 

Voraussagefaktoren als eine Funktion der Werte der vorausgesagten Transformationskoeffizienten und 
Verarbeiten der Transformationsdifferenzsignale, vor der Kodierung, vorgesehen sind, um verarbeitete 
Differenzsignale zu bilden, welche einen eingeschrankten Wertebereich aufweisen; und der 
Kodierungsschritt die Kodierung der verarbeiteten Differenzsignale umfaBt, um statistisch kodierte Signale 

30 derart zu bilden, daB die haufiger auftretenden Werte von kodierten Signalen durch kurzere Kodelangen 
und die weniger haufig auftretenden Werte von kodierten Signalen durch langere Kodelangen 
reprasentiert werden. 

2. Das Verfahren nach Anspruch 1, wobei die variablen Voraussagefaktoren als eine Funktion von 
Differenzen von Teilbild zu Teilbild in den Bildern bestimmt werden. 

35 3. Das Verfahren nach Anspruch 2, wobei ·die variablen Voraussagefaktoren in Reaktion auf 
Vergleiche der Transformationskoeffizienten von Bild zu Bild bestimmt werden. 

4. Das Verfahren nach Anspruch 2, wobei die variablen Voraussagefaktoren als eine Funktion von 
Vergleichen der digitalen Signale von Bild zu Bild bestimmt werden. 

5. Ein Verfahren zur Verarbeitung von Bildsignalen, um die zur Darstellung von Bildern verwendete 
40 Datenmenge zu reduzieren, wobei die Bilder durch eine Folge von Teilbildern definiert sind und jedes 

Teilbild ein zweidimensionales Feld von Blacken enthalt, wobei jeder Block ein zweidimensionalesFeld von 
digitalen Signalen enthalt, die den Teil eines Bildes innerhalb des Blocks reprasentieren, mit den 
Verfah renssch ritten, 

Transformieren der digitalen Signale in Transformationskoeffizienten fur jeden Block fur jedes von 
45 einer Vielzahl von Teilbildern in der Folge von Teilbildern; 

Bilden vorausgesagter Transformationskoeffizienten fur jeden Block eines ersten Teilbildes unter 
Verwendung von fur jeden Block bestimmten Voraussagefaktoren; 

Vergleichen der vorausgesagten Transformationskoeffizienten mit entsprechenden 
Transformationskoeffizienten eines entsprechenden Blocks von einem zweiten Teilbtld, um 

50 Transformationskoeffizienten-Differenzsignale fur jeden der Koeffizienten in jedem der Blocks des zweiten 
Teilbildes bereitzustellen; und 

Kodieren des Differenzsignals; 
dadurch gekennzeichnet, daB als weitere Verfahrensschritte die variable Bestimmung der 

Voraussagefaktoren als eine Funktion der Werte der vorausgesagten Transformationskoeffizienten, die 
55 Verarbeitung der Transformationsdifferenzsignale fur jeden Block, vor der Kodierung, um verarbeitete 

Differenzsignale mit einem kontrollierten Wertebereich zu bilden, und die Speicherung der kodierten 
Signale in einem Pufferspeicher vorgesehen sind und daB der Kodierungsschritt die Kodierung der 
verarbeiteten Differenzsignale umfaBt, um statistisch kodierte Signale derart zu bilden, daB die haufiger 
auftretenden Werte von kodierten Signalen durch kurzere Kodelangen und die weniger haufig auftretenden 

60 Werte von kodierten Signalen durch langere Kodelangen reprasentiert werden. 
6. Das Verfahren nach Anspruch 5, wobei der Verfahrensschritt der Bildung vorausgesagter 

Transformationskoeffizienten, fur jeden Block, die Verfahrensschritte enthalt: Vergleichen von 
Datenelementen in einem Block des ersten Teilbildes mit Datenelementen von einem entsprechenden 
Block in dem zweiten Teilbild, um ein Datenvergleichssignal zu bilden, 

65 Wichten des Vergleichssignals, um ein gewichtetes Vergleichsignal zu bilden, 
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Akkumulieren des gewichteten Vergleichssignals fur jedes der Datenelemente in dem Block, um eine 

akkumulierte Endazhl fur den Block zu bilden, 
Auswahlen eines Satzes der Vorhersagefaktoren fur den Block als eine Funktion der akkumulierten 

Endazhl. 
5 7. Das Verfahren nach Anspruch 6, wobei die Datenelemente Transformationskoeffizienten sind. 

8. Das Verfahren nach Anspruch 6, wobei die Datenelemente digitale Signale sind. 
9. Das Verfahren nach Anspruch 5, wobei der Verfahrensschritt der Bildung vorausgesagter 

Transformationskoeffizienten die Verfahrensschritte, fur jeden Block, enthalt: 
Vergleichen jedes Transformationskoeffizienten in einem Block des ersten Teilbildes mit einem 

10 entsprechenden Transformationskoeffizienten eines entsprechenden Blocks in dem zweiten Teilbild, um 
ein Koeffizientenvergleichssignal zu bilden; 

Wichten des Vergleichssignals, um ein gewichtetes Vergleichssignal zu bilden; 
Akkumulieren des gewichteten Vergleichssignals fur jeden der Koeffizienten in dem Block, um eine 

akkumulierte Endazhl fur den Block zu bilden, 
15 Auswahlen eines Satzes von Voraussagefaktoren fur den Block als eine Funktion der akkumulierten 

Endazhl. 
10. Das Verfahren nach Anspruch 9, wobei der Satz von Voraussagefaktoren immer eins ist, wenn die 

akkumulierte Endazhl unter einem ersten akkumulierten Endzahlwert liegt und der Satz von 
Voraussagefaktoren immer null ist, wenn die akkumulierte Endzahl einen zweiten akkumulierten 

20 Endzahlwert ubersteigt. 
11. Das Verfahren nach Anspruch 10, wobei der Satz von Voraussagefaktoren durch eins und null 

begrenzt ist und wobei die Faktoren fur jede Transformationskoeffizientendifferenz in dem Block immer 
variieren, wenn die akkumulierte Endzahl zwischen dem ersten und zweiten akkumulierten Endzahlwert 
liegt. 

25 12. Das Verfahren nach Anspruch 11, wobei die Faktoren derart nichtlinear variieren, daB der Faktor fur 
Koeffizientendifferenzen, die sich auf geringe Frequenzen beziehen, groBer und fur 
Koeffizientendifferenzen, die sich auf hohe Frequenzen beziehen, kleiner ist. 

13. Das Verfahren nach Anspruch 9, wobie der Satz von Voraussagefaktoren immer eins ist, wenn die 
akkumulierte Endzahl unter einem ersten akkumulierten Endzahlwert liegt. 

30 14. Das Verfahren nach Anspruch 9, wobei das Laden eines Vervollstandigungssignals in den 
Pufferspeicher anstelle des kodierten Signals immer dann vorgesehen ist, wenn die akkumulierte Endzahl 
unterhalb eines ersten akkumulierten Endzahlwertes liegt, um kundzutun, daB die Koeffizienten fur den 
Block des zweiten Teilbildes als die gleichen wie die Koeffizienten fur den Block des ersten Teilbildes zu 
interpretieren sind. 

35 15. Das Verfahren nach Anspruch 5, wobie der Schritt des Speicherns des kodierten Signals in einem 
Pufferspeicher den lnhalt des Pufferspeichers erhoht und als weitere Verfahrensschritte ein Ausladen des 
kodierten Signals aus dem Pufferspeicher zur Obertragung, wodurch der lnhalt des Pufferspeichers 
reduziert wird, und ein adaptives Steuern der Verarbeitung der Transformationsdifferenzsignale als eine 
Funktion des lnhalts des Pufferspeichers vorgesehen sind, um den Wertebereich der verarbeiteten 

40 Differenzsignale zu beschranken, wodurch die Datenmenge, die die Bilder in den kodierten Signalen 
reprasentiert, adaptiv eingeschrankt wird. 

16. Das Verfahren nach Anspruch 15, wobei der Verarbeitungsverfahrensschritt einen 
Normierungsschritt enthalt, wobei jedes der Differenzsignale mit einem Normierungsfaktor 1/N1 

multipliziert wird, um ein normiertes verarbeitetes Differenzsignal zu bilden und wobei der 
45 Verfahrensschritt der adaptiven Steuerung den Wert N1 als eine Funktion des lnhalts des Pufferspeichers 

variiert. 
17. Das Verfahren nach Anspruch 16, wobei der Verarbeitungsverfahrensschritt den Schritt der 

Reduzierung jedes normierten verarbeiteten Differenzsignals mit einem Wert kleiner als ein Schwellenwert 
Tc auf den Wert Null enthalt, um die verarbeiteten Differenzsignale zu bilden, und wobei der 

50 Kodierungsschritt einen Lauffangenkodierungsschritt enthalt, welcher sequenzielle Differenzsignale der 
verarbeiteten Differenzsignalen mit Null-Wert im Lauflangenkode darstellt. 

18. Das Verfahren nach Anspruch 17, wobie der Kodierungsschritt einen statistischen 
Kodierungsschritt zum Kodieren des Lauffangenkodes und der verarbeiteten Differenzsignale enthalt. 

19. Das Verfahren nach Anspruch 16, wobei der Verfahrensschritt der Bildung vorausgesagter 
55 Transformationskoeffizienten die Verfahrensschritte, fur jeden Block, enthalt: Vergleichen jedes 

Transformationskoeffizienten in einem Block des ersten Teilbildes mit einem Transformationskoeffizienten 
aus einem entsprechenden Block in dem zweiten Teilbild, um ein Koeffizientendifferenzsignal zu bilden, 

Akkumulieren des Koeffizientendifferenzsignals fur jeden der Koeffizienten in dem Block, um eine 
akkumulierte Endzahl fur den Block zu bilden, 

60 Auswahlen eines Voraussagefaktors als eine Funktion der akkumulierten Endzahl, 
Multiplizieren der verarbeiteten Differenzsignale mit dem Faktor N1, um ein neugebildetes 

Differenzsignal zu bilden, und Addieren des neuggebildeten Differenzsignals zu den vorausgesagten 
Transformationskoeffizienten, um neugebildete Transformationskoeffizienten zu bilden, und Multiplizieren 
der neugebildeteten Transformationskoeffizienten mit einem Voraussagefaktor innerhalb des Satzes, um 

65 einen vorausgesagten Transformationskoeffizienten fur ein nachfolgendes Bild zu bilden. 
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20. Das Verfahren nach Anspruch 16, wobei der Verfahrensschritt der Bildung vorausgesagter 
Transformationskoeffizienten den Verfahrensschritt, fur jeden Block, enthalt: 

Vergleichen jedes Transformationskoeffiziente in einem Block des ersten Teilbildes mit einem 
Transformationskoeffizienten von einem entsprechenden Block in dem zweiten Teilbild, um ein 

5 Koeffizientendifferenzsignal zu bilden, 
Akkumulieren der Koeffizientendifferenzsignale fur jeden der Koeffizienten in dem Block, um eine 

akkumulierte Endzahl fi.ir den Block zu bilden, 
Auswahlen eines Voraussagefaktors als eine Funktion der akkumulierten Endzahl, 
Multiplizieren der verarbeiteten Differenzsignale mit dem Faktor N1 und Addieren von T0 zu von Null 

10 verschiedenen Werten der verarbeiteten Differenz, um neugebildete Differenzsignale zu bilden, und 
Addieren des neugebildeten Differenzsignals zu den vorausgesagten Transformationskoeffizienten, 

Auswahlen eines Voraussagefaktors als eine Funktion der akkumulierten Endzahl, 

15 

Modifizieren von Darstellungen der Transformationskoeffizienten fur den Block als eine Funktion des 
Voraussagefaktors, um die vorausgesagten Darstellungen zu bilden. 

Revendications 

1. Methode de traitement de signaux d'image pour reduire la quantite de donnees utilisee pour 
representer des images ou les images sont definies par une sequence de trames ou chaque trame 

20 comprend un reseau bidimensionnel de signaux numeriques representant l'image, les etapes comprenant: 
la transformation des signaux numeriques pour former des coefficients de transformee pour chacune 

d'une pluralite de trames dans la sequence des trames; • 
la formation de coefficients de transformee predits pour une premiere trame utilisant des facteurs de 

prediction; 
25 la comparaison desdits coefficients de transformee predits aux coefficients de transformee 

correspondants d'une seconde trame pourfournir des signaux de difference de coefficients de transformee 
pour chacun des coefficients de ladite seconde trame; et 

le codage desdits signaux de difference; 
caracterisee en ce qu'il est de plus effectue les etapes consistant a determiner de fai;:on variable lesdits 

30 facteurs de prediction en fonction des valeurs des coefficients de transformee predits et consistant a traiter 
lesdits signaux de difference de transformee, avant le codage, pour former des signaux de difference 
traites ayant une plage de variation controlee de valeurs; et 

l'etape de codage comprend le codage desdits signaux de difference traites pour former des signaux 
codes statistiquement de fai;:on telle que les valeurs de signaux codes arrivant le plus souvent sont 

35 representees par des longueurs de code plus courtes et que les valeurs de signaux codes arrivant le moins 
souvent sont representees par de plus grandes longueurs de code. 

2. La methode selon la revendication 1, selon laquelle lesdits facteurs de prediction variables sont 
determines en fonction des differences trame-a-trame dans lesdites images. 

3. La methode selon la revendication 2, selon laquelle lesdits facteurs de prediction variables sont 
40 determines en fonction de comparaisons trame-a-trame desdits coefficients de transformee. 

4. La methode selon la revendication 2, selon laquelle lesdits facteurs de prediction variables sont 
determines en fonction de comparaisons trame-a-trame desdits signaux numeriques. 

5. Methode de traitement de signaux d'image pour reduire la quantite de donnees utilisees pour 
representer des images ou les images sont definies par une sequence de trames ou chaque trame 

45 comprend un reseau bidimensionnel de blocs ou chaque bloc comprend un reseau bidimensionnel de 
signaux numeriques representant la partie d'une image dans le bloc, les etapes comprenant: 

la transformation des signaux numeriques en coefficients de transformee pour chaqu.e bloc pour 
chacune d'une pluralite de trames dans une sequence de trames; • • 

la formation de coefficients de transformee predits pour chaque bloc d'une premiere trame en utilisant 
50 des facteurs de prediction determines pour chaque bloc; 

la comparaison desdits coefficients de transformee predits aux coefficients de transformee 
correspondants d'un bloc correspondant d'une seconde trame pour fournir des signaux de difference de 
coefficients de transformee pour chacun des coefficients dans chacun des blocs de ladite seconde trame; et 

le codage desdits signaux de difference; 
55 caracterisee en ce que 

ii est de plus effectue les etapes consistant a determiner de fa<;:on variable lesdits facteurs de prediction 
en fonction des valeurs des coefficients de transformee predits, a traiter lesdits signaux de difference de 
transformee pour chaque bloc, avant codage, pour former des signaux de difference traites ayant une 
plage de variation controlee de valeurs, et a stocker lesdits signaux codes dans une memoire tampon, et, 

60 l'etape de codage comprend le codage desdits signaux de difference traites pour former des signaux 
codes statistiquement, de fai;:on telle que les valeurs de signaux codes arrivant le plus frequemment sont 
representees par des longueurs de code plus courtes et que les valeurs de signaux codes arrivant le mains 
frequemment sont representees par des longueurs de code plus grandes. 

6. La methode de la revendication 5 selon laquelle l'etape consistant a former des coefficients de 
65 transformee predits comprend, pour chaque bloc: 
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la comparaison les elements de donnees dans un bloc de ladite premiere trame aux elements de 

donnees d'un bloc correspondant de ladite seconde trame pour former un signal de comparaison de 
donnees, 

la ponderation dudit signal de comparaison pour former un signal de com pa raison ponders, 
5 le cumul dudit signal de comparaison pondere pour chacun des elements de donnees dans le bloc 

pour former un total cu mule pour le bloc, 
le choix d'un ensemble desdits facteurs de prediction pour le bloc en fonction dudit total cumule. 
7. La methode de la revendication 6 selon laquelle lesdits elements de donnees sont des coefficients de 

transformee. 
10 8. La methode de la revendication 6 selon laquelle lesdits elements de donnees sont des signaux 

numeriques. 
9. La methode de la revendication 5 selon laquelle l'etape consistant a former des coefficients de 

transformee predits comprend, pour chaque bloc: 
la comparaison de chaque coefficient de transformee d'un bloc de ladite premiere trame au coefficient 

15 de transformee correspondant d'un bloc correspondant de ladite seconde trame pour former un signal de 
comparaison de coefficients, 

la ponderation dudit signal de comparaison pour former un signal de comparaison ponders, 
le cumul dudit signal de comparaison ponders pour chacun des coefficients du bloc pour former un 

total cumule pour le bloc, 
20 le choix d'un ensemble desdits facteurs de prediction pour le bloc en fonction dudit total cumule. 

10. La methode de la revndication 9 selon laquelle I edit ensemble de facteurs de prediction est a !'unite 
chaque fois que le total cu mule est inferieur a une premiere valeur de total cumule et selon laquelle !edit 
ensemble de facteurs de prediction vaut zero chaque fois que !edit total cumule depasse une seconde 
valeur de total cumule. 

25 11. La methode de la revendication 10 selon laquelle !edit ensemble de facteurs de prediction est borne 
a !'unite et a zero et selon laquelle lesdits facteurs varient pour chaque difference de coefficients de 
transformee du bloc chaque fois que I edit total cumule est entre lesdites premiere et seconde valeurs de 
total cumule. 

12. La methode de la revendication 11 selon laquelle lesdits facteurs varient non-lineairement de fagon 
30 telle que le facteur est plus grand pour des differences de coefficients correspondant a des frequences 

basses, et plus faible pour des differences de coefficients correspondant a des frequences elevees. 
13. La methode de la revendication 9 selon laquelle ledit ensemble de facteurs de prediction est a 

!'unite chaque fois que le total cumule est inferieur a une premiere valeur de total cumule. 
14. La methode de la revendication 9 comprenant le chargement d'un signal de rafraichissement dans 

35 ladite memoire tampon a la place desdits signaux codes chaque fois que ledit total cumule est inferieur a 
une premiere valeur de total cumule pour indiquer que les coefficients du bloc de la seconde trame doivent 
etre interpretes de la meme fagon que les coefficients pour le bloc de la premiere trame. 

15. La methode de la revendication 5 selon laquelle l'etape de stockage desdits signaux codes dans une 
memoire tampon accroit le remplissage de ladite memoire tampon et de plus incluant les etapes consistant 

40 a: 
decharger lesdits signaux codes de ladite memoire tampon pour la transmission, reduisant par la le 

remplissage de ladite memoire tampon, et 
commander de fagon adaptative le traitement desdits signaux de difference de transformee en 

fonction du remplissage de ladite memoire tampon pour commander la plage de variation de valeurs 
45 desdits signaux de difference traites controlant par la de fagon adaptative la quantite de donnees 

representant les images dans lesdits signaux codes. 
16. La methode de la revendication 15 selon laquelle ladite etape de traitement comprend une etape de 

normalisation par laquelle chacun desdits signaux de difference est multiplie par un facteur de 
normalisation 1/N1 pour former un signal normalise de difference traite et selon laquelle ladite etape de 

50 commande adaptative fait varier N1 en fonction du remplissage dudit tampon. 
17. La methode de la revendication 16 selon laquelle ladite etape de traitement comprend l'etape de 

reduction de tout signal normalise de difference traite ayant une valeur inferieure a un seuil, T0 , a la valeur 
zero pour former lesdits signaux de difference traites et selon laquelle ladite etape de codage comprend 
une etape de codage d'avance representant ceux desdits signaux de difference traites, sequentiels, ayant 

55 une valeur zero dans le code d'avance. 
18. La methode de la revendication 17 selon laquelle ladite etape de codage comprend une etape de 

codage statistique pour coder ledit code d'avance et lesdits signaux de difference traites. 
19. La methode de la revendication 16 selon laquelle l'etape consistant a former des coefficients de 

transformee predits comprend, pour chaque bloc, les etapes: 
60 de comparaison de chaque coefficient de transformee d'un bloc de ladite premiere trame a un 

coefficient de transformee d'un bloc correspondant de ladite seconde trame pour former un signal de 
difference de coefficients, 

de cumul desdits signaux de difference de coefficients pour chacun des coefficients du bloc pour 
former un total cumule pour le bloc, 

65 de choix d'un facteur de prediction en fonction dudit total cumule, 
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de multiplication desdits signaux de difference traites par le facteur N1 pour former un signal de 
difference reconstitue, et d'addition dudit signal de difference reconstitue auxdits coefficients de. 
transformee predits pour former des coefficients de transformee reconstitues, et de multiplication desdits 
coefficients de transformee reconstitues par un facteur de prediction dans ledit ensemble pour former un 

5 coefficient de transformee predit pour une trame suivante. 
20. La methode de la revendication 16 selon laquelle l'etape de formation des coefficients de 

transformee predits comprend, pour chaque bloc, les etapes consistant a: 
comparer chaque coefficient de transformee dans un bloc de ladite premiere trame a un coefficient de 

transformee d'un bloc correspondant de ladite seconde trame pour former un signal de difference de 
1 ° coefficients, 

cumuler lesdits signaux de difference de coefficients pour chacun des coefficients du bloc pour former 
un total cumule pour le bloc, 

choisir un facteur de prediction en fonction dudit total cumule, 
multiplier lesdits signaux de difference traites par un facteur N1, et ajouter TO aux valeurs differentes de 

15 zero de ladite difference traitee pour former un signal de difference reconstitue, et ajouter ledit signal de 
difference reconstitue auxdits coefficients de transformee predits, 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

choisir un facteur de prediction fonction dudit total cumule, 
modifier des representations des coefficients de transformee du bloc en fonction dudit facteur de 

prediction pour former lesdites representations predites. 
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