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REVERSE CODING SYSTEM FOR INTERLACED 
SCANNED MOVING PICTURES 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a picture process 
ing system, and more particularly to reversible transform 
coding for interlaced scanned moving pictures. 

[0003] 2. Description of the Related Art 

[0004] Various reversible coding systems for moving pic 
tures are conventionally knoWn, and one of reversible cod 
ing systems of the type mentioned has been proposed by the 
inventor of the invention of the present application (the 
reversible coding system is hereinafter referred to as prior 
art by the inventor). The prior art by the inventor is directed 
to a reversible coding system for pictures Which is based on 
discrete cosine transform and alloWs reversible coding by 
modifying ordinary discrete cosine transform. A reversible 
moving picture coding system can be implemented by 
applying the reversible coding system for pictures to a 
coding algorithm of the MPEG-2 (Moving Picture Experts 
Group-Phase 2). 
[0005] MPEG-2 coding originally is non-reversible cod 
ing. HoWever, MPEG-2 coding is non-reversible only at the 
quantization part thereof. The entire coding can be made 
reversible coding by replacing the discrete cosine transform 
and quantization parts With reversible discrete cosine trans 
form. In the prior art by the inventor, a reversible moving 
picture coding system is implemented by the countermea 
sure just described. 

[0006] FIG. 7 shoWs in block diagram a construction of an 
encoder Which effects reversible moving picture coding. 

[0007] Referring to FIG. 7, a motion estimation circuit 5 
effects motion estimation betWeen a picture coded in the past 
and a picture of an object of coding and outputs a motion 
vector for each macro block. A predictor 4 produces a 
motion compensated predictive picture from the reference 
picture in accordance With motion vectors outputted from 
the motion estimation circuit 5 and outputs the motion 
compensated predictive picture. An adder 3 subtracts the 
motion compensated predictive picture outputted from the 
predictor 4 from the coding object picture to produce a 
predictive error picture. A reversible discrete cosine trans 
form (lossless DCT; LDCT) circuit 1 performs reversible 
discrete cosine transform for the predictive error picture 
outputted from the adder 3 for each block and outputs 
transform coef?cients. 

[0008] It is to be noted that the encoder shoWn in FIG. 7 
does not include a local decoding loop Which is included in 
an ordinary MPEG-2 encoder. This is because, in reversible 
coding, a locally decoded picture coincides completely With 
the original picture and no local decoding is required. 

[0009] In the MPEG-2, an object of coding is an interlaced 
scanned moving picture. When discrete cosine transform is 
performed, either ?eld scanned blocks, that is, blocks 
obtained by interlaced scanning, or frame-scanned blocks, 
that is, progressively scanned blocks, can be selected. As a 
selection controlling method for such selection, for eXample, 
a method of the MPEG-2 TM-S (Test Model 5) or another 
method disclosed in Japanese Patent Laid-Open Application 
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No. Heisei 8-102950 (title of the invention: Coding Appa 
ratus and Motion Discrimination Method) is knoWn. 

[0010] In the MPEG-2 TM-S, a correlation coef?cient of 
piXel values is determined for each macro block betWeen 
?elds to effect selection of frame-scanning or ?eld-scanning. 
The magnitude of the correlation coefficient is discriminated 
With a threshold value, and if the correlation coefficient is 
higher than the threshold value, then frame-scanning is 
selected, but in any other case, ?eld-scanning is selected to 
effect discrete cosine transform. 

[0011] In the coding apparatus disclosed in Japanese 
Patent Laid-Open Application No. Heisei 8-102950 men 
tioned above, a difference in piXel value is determined for 
each block betWeen ?elds, and selection betWeen frame 
discrete cosine transform and ?eld discrete cosine transform 
is controlled based on an absolute value of a sum When such 
differences are added in a vertical direction. More particu 
larly, an absolute value of a difference sum described above 
is determined for each column ?rst. Then, the absolute 
values of the difference sums of the columns are added to 
determine a sum total, and the sum total is compared With 
the threshold value. Simultaneously, a maXimum value 
among the absolute values of the difference sums of the 
columns is determined, and the maXimum value is compared 
With the threshold value. Then, if both of the sum total and 
the maXimum value are higher than the threshold value, then 
?eld discrete cosine transform is selected, but in any other 
case, frame discrete cosine transform is selected. 

[0012] The selection control described above can be incor 
porated into the system shoWn in FIG. 7. In particular, frame 
discrete cosine transform and ?eld discrete cosine transform 
can be adaptively changed over using the prior art by the 
inventor. The applied system is shoWn in FIG. 8. 

[0013] Referring to FIG. 8, a frame/?eld adaptive 
scanned block production circuit 6 adaptively selects ?eld 
scanning or frame scanning based on a conventional system 
from a predictive error picture outputted from the adder 3 to 
produce a block and outputs the thus produced block. 

[0014] HoWever, even if the system of the MPEG-2 TM-S 
or the system disclosed in Japanese Patent Laid-Open Appli 
cation No. Heisei 8-120950 mentioned hereinabove is com 
bined With the prior art by the inventor, a desired result 
cannot necessarily be obtained from the point of vieW of 
compatibility betWeen a reversible discrete cosine transform 
coding system and a conventional discrete cosine transform 
coding system. Here, the compatibility signi?es a matter of 
Which degree of picture quality is obtained When a picture 
coded using reversible discrete cosine transform is decoded 
by ordinary inverse discrete cosine transform. It is consid 
ered that the higher the picture quality obtained then, the 
superior in compatibility the reversible discrete cosine trans 
form coding system. 

[0015] The reason Why a desirable result cannot be 
obtained is that the conventional adaptive selection system 
betWeen frame discrete cosine transform and ?eld discrete 
cosine transform is optimiZed in terms of reduction of the 
code amount Where ordinary discrete cosine transform is 
used, and does not take augmentation in compatibility into 
consideration. Conversely speaking, the selection system 
can be re-eXamined from the point of vieW of augmentation 
of the compatibility. 
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SUMMARY OF THE INVENTION 

[0016] It is an object of the present invention to provide a 
reversible moving picture- coding system Wherein, Where 
reversible discrete cosine transform is applied to the MPEG 
2, selection control of frame/?eld discrete cosine transform 
is modi?ed to augment the compatibility betWeen a revers 
ible discrete cosine transform coding system and a conven 
tional discrete cosine transform coding system. More par 
ticularly, the object of the present invention is to provide a 
reversible moving picture coding system by Which a 
decoded signal of an augmented quality is obtained When a 
picture coded using reversible discrete cosine transform is 
decoded using ordinary inverse discrete cosine transform or 
When a picture coded using ordinary discrete cosine trans 
form is decoded using reversible inverse discrete cosine 
transform. 

[0017] In order to attain the object of the present inven 
tion, according to an aspect of the present invention, there is 
provided a reversible moving picture coding system, com 
prising means for determining a motion vector from an 
interlaced scanned input video signal, means for producing 
a motion compensated predictive picture from a picture for 
reference using the motion vector, means for subtracting the 
motion compensated predictive picture from the input video 
signal to produce a predictive error picture, means for 
producing a frame-scanned block and a ?eld-scanned block 
from the predictive error signal, means for estimating an 
error amount When reversible discrete cosine transform is 
performed for the frame-scanned block and then ordinary 
inverse discrete cosine transform is performed for the result 
ant block on the decoding side and outputting the estimated 
error amount as an estimated error amount for a frame 

scanned block, means for estimating an error amount When 
reversible discrete cosine transform is performed for the 
?eld-scanned block and then ordinary inverse discrete 
cosine transform is performed for the resultant block on the 
decoding side and outputting the estimated error amount as 
an estimated error amount for a ?eld-scanned block, means 
for comparing the estimated error amount for the frame 
scanned block and the estimated error amount for the 
?eld-scanned block With each other to produce a scan 
selection signal and outputting the scan selection signal, 
means for selecting one of the frame-scanned block and the 
?eld-scanned block in accordance With the scan selection 
signal and outputting the selected scanned block as an 
adaptive-scanned block, and means for performing revers 
ible discrete cosine transform for the adaptive-scanned block 
to produce an adaptive-scan transform coefficient block. 

[0018] According to another aspect of the present inven 
tion, there is provided a reversible moving picture coding 
system, comprising means for determining a motion vector 
from an interlaced scanned input video signal, means for 
producing a motion compensated predictive picture from a 
picture for reference using the motion vector, means for 
subtracting the motion compensated predictive picture from 
the input video signal to produce a predictive error picture, 
means for producing a ?rst frame-scanned block and a ?rst 
?eld-scanned block from the predictive error picture, means 
for performing reversible discrete cosine transform for the 
?rst frame-scanned block to produce a frame-scan transform 
coef?cient block and outputting the frame-scan transform 
coef?cient block, means for performing reversible discrete 
cosine transform for the ?rst ?eld-scanned block to produce 
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a ?eld-scan transform coef?cient block and outputting the 
?eld-scan transform coef?cient block, means for selecting 
one of the frame-scan transform coef?cient block and the 
?eld-scan transform coef?cient block in accordance With a 
scan selection signal and outputting the selected transform 
coef?cient block as an adaptive-scan transform coef?cient 
block, means for performing ordinary inverse discrete 
cosine transform for the frame-scan transform coef?cient 
block, locally decoding a result of the ordinary inverse 
discrete cosine transform using the motion vector to produce 
a frame-scan decoded block and outputting the frame-scan 
decoded block, means for performing ordinary inverse dis 
crete cosine transform for the ?eld-scan transform coef? 
cient block, locally decoding a result of the ordinary inverse 
discrete cosine transform using the motion vector to produce 
a ?eld-scan decoded block and outputting the ?eld-scan 
decoded block, means for producing a second frame 
scanned block and a second ?eld-scanned block from the 
input video signal, means for determining an error betWeen 
the frame-scan decoded block and the second frame-scanned 
block to calculate an error amount for a frame-scanned block 
and outputting the error amount for the frame-scanned 
block, means for determining an error betWeen the ?eld-scan 
decoded block and the second ?eld-scanned block to calcu 
late an error amount for a ?eld-scanned block and outputting 
the error amount for the ?eld-scanned block, and means for 
comparing the error amount for the frame-scanned block and 
the error amount for the ?eld-scanned block to produce the 
scan selection signal and the outputting the scan selection 
signal. 

[0019] According to a further aspect of the present inven 
tion, there is provided a reversible moving picture coding 
system, comprising means for determining a motion vector 
from an interlaced scanned input video signal, means for 
producing a ?rst motion compensated predictive picture 
from a picture for reference using the motion vector, means 
for subtracting the ?rst motion compensated predictive 
picture from the input video signal to produce a predictive 
error picture, means for producing ?rst frame-scanned 
blocks and ?rst ?eld-scanned blocks from the predictive 
error picture, means for selecting one of the ?rst frame-scan 
transform coef?cient block and the ?rst ?eld-scan transform 
coef?cient block in accordance With a scan selection signal 
and outputting the selected transform coef?cient block as an 
adaptive-scan transform coef?cient block, means for per 
forming reversible discrete cosine transform for the adap 
tive-scanned block to produce an adaptive-scan transform 
coef?cient block, means for performing linear operation for 
the ?rst frame-scanned block to estimate a predictive error 
When the ?rst frame-scanned block is reversible transform 
cosine transformed and then ordinary inverse discrete cosine 
transformed on the decoding side and outputting the predic 
tive error as a frame-scan estimated predictive error block, 
means for performing linear operation for the ?rst ?eld 
scanned block to estimate a predictive error When reversible 
transform cosine transform is performed for the ?rst ?eld 
scanned block and then ordinary inverse discrete cosine 
transform is performed for the resultant block on the decod 
ing side and outputting the predictive error as a ?eld-scan 
estimated predictive error block, means for transforming the 
adaptive-scan transform coef?cient block by ordinary 
inverse discrete cosine transform and producing and output 
ting a second motion compensated predictive picture using 
the motion vector, means for producing a frame-scan pre 
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dictive block and a ?eld-scan predictive block from the 
second motion compensated predictive picture, means for 
adding the frame-scan predictive block to the frame-scan 
estimated predictive error block to produce a frame-scan 
estimated block, means for adding the ?eld-scan predictive 
block to the ?eld-scan estimated predictive error block to 
produce a ?eld-scan estimated block, means for producing a 
second frame-scanned block and a second ?eld-scanned 
block from the input video signal, means for determining an 
error betWeen the second frame-scanned block and the 
frame-scan estimated block and calculating and outputting 
an estimated error amount for a frame-scanned block, means 
for determining an error betWeen the second ?eld-scanned 
block and the ?eld-scan estimated block and calculating and 
outputting an estimated error amount for a ?eld-scanned 
block, and means for comparing the estimated error amount 
for the frame-scanned block and the estimated error amount 
for the ?eld-scanned block to produce the scan selection 
signal and the outputting the scan selection signal. 

[0020] According to a still further aspect of the present 
invention, there is provided a reversible moving picture 
coding system, comprising means for determining a motion 
compensated predictive error from an input picture signal 
and producing a frame-scanned block and a ?eld-scanned 
block from the motion compensated predictive error for each 
block, means for estimating error amounts When reversible 
discrete cosine transform is performed for the frame 
scanned block and the ?eld-scanned block and then ordinary 
inverse discrete cosine transform is performed for the result 
ant blocks on the decoding side and selecting that one of the 
blocks Whose estimated error amount is the smaller than the 
other estimated error amount, and means for performing 
reversible discrete cosine transform for the selected scanned 
block. 

[0021] With the reversible moving picture coding systems, 
since selection betWeen frame discrete cosine transform and 
?eld discrete cosine transform is modi?ed to a method 
Which is preferable for the compatibility betWeen a revers 
ible discrete cosine transform coding system and a conven 
tional discrete cosine transform coding system, an advantage 
that the compatibility is augmented can be achieved. More 
particularly, With the reversible moving picture coding sys 
tem, even When a picture coded using reversible discrete 
cosine transform is decoded using conventional inverse 
discrete cosine transform, a higher picture quality than those 
achieved by conventional systems can be achieved. 

[0022] The above and other objects, features and advan 
tages of the present invention Will become apparent from the 
folloWing description and the appended claims, taken in 
conjunction With the accompanying draWings in Which like 
parts or elements are denoted by like reference symbols. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] FIG. 1 is a block diagram shoWing a construction 
of a reversible moving picture coding system to Which the 
present invention is applied; 

[0024] FIG. 2 is a similar vieW but shoWing a construction 
of another reversible moving picture coding system to Which 
the present invention is applied; 

[0025] FIG. 3 is a similar vieW but shoWing a construction 
of a further reversible moving picture coding system to 
Which the present invention is applied; 
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[0026] FIG. 4 is a block diagram shoWing an eXample of 
a construction of ?rst and second local decoding circuits of 
the reversible moving picture coding system of FIG. 2; 

[0027] FIG. 5 is a block diagram shoWing an eXample of 
a construction of a predictive picture production unit of a 
further reversible moving picture coding system to Which 
the present invention is applied; 

[0028] FIG. 6 is a graph illustrating augmentation of the 
picture quality of a decoded picture When reversible discrete 
cosine transform is used for coding and ordinary inverse 
discrete cosine transform is used for decoding in accordance 
With the present invention; 

[0029] FIG. 7 is a block diagram shoWing a construction 
of an encoder Which employs reversible discrete cosine 
transform; and 

[0030] FIG. 8 is a block diagram shoWing an encoder in 
Which a conventional selection circuit Which adaptively 
selects one of frame discrete cosine transform and ?eld 
discrete cosine transform is incorporated. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0031] Referring ?rst to FIG. 1, there is shoWn in block 
diagram a circuit construction of a reversible moving picture 
coding system to Which the present invention is applied. A 
motion estimation circuit 5 effects motion estimation for an 
input video signal and outputs motion vectors. Apredictor 4 
produces a motion compensated predictive picture from a 
reference picture using the motion vectors determined by the 
motion estimation circuit 5. An adder 3 subtracts the motion 
compensated predictive picture from a coding object picture 
of the input video signal to produce a predictive error 
picture. A frame/?eld scan production circuit. 10 produces 
frame-scanned blocks and ?eld-scanned blocks from the 
predictive error picture. 

[0032] A?rst estimated error amount calculation circuit 11 
estimates, from the frame-scanned block, an error When the 
block is coded using reversible discrete cosine transform and 
then decoded using ordinary inverse discrete cosine trans 
form, and calculates an estimated error amount of the 
frame-scanned block from the error. A second estimated 
error amount calculation circuit 12 estimates, from the 
?eld-scanned block, an error When the block is coded using 
reversible discrete cosine transform and then decoded using 
ordinary inverse discrete cosine transform, and calculates an 
estimated error amount of the ?eld-scanned block from the 
error. Acomparator 13 compares the estimated error amount 
of the frame-scanned block and the estimated error amount 
of the ?eld-scanned block With each other and outputs a scan 
selection signal. A sWitch 14 selects one of the frame 
scanned block and the ?eld-scanned block using the scan 
selection signal as a sWitching control signal. Then, a 
reversible discrete cosine transform (lossless DCT; LDCT) 
circuit 1 performs reversible discrete cosine transform for 
the selected block and outputs transform coef?cients. 

[0033] In operation, an input video signal is divided in 
frames, and such frames are inputted in an order in Which 
they are to be coded. A coding object picture of the input 
video signal is inputted to the motion estimation circuit 5. 
The motion estimation circuit 5 performs motion compen 
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sation for the coding object picture With a reference picture 
to calculate motion vectors and outputs the motion vectors. 

[0034] Using the motion vectors, the predictor 4 produces 
a motion compensated predictive picture from the reference 
picture. Then, the predictive picture is subtracted from the 
coding object picture by the adder 3 to produce a predictive 
error picture. The predictive error picture is inputted to the 
frame/?eld scan production circuit 10, by Which frame 
scanned blocks and ?eld-scanned blocks are produced for 
each macro block. 

[0035] The following processes are performed in units of 
a block. A frame-scanned block and a ?eld-scanned block 
are inputted to the ?rst estimated error amount calculation 
circuit 11 and the second estimated error amount calculation 
circuit 12, by Which an estimated error amount for the 
frame-scanned block and an estimated error amount for the 
?eld-scanned block are calculated, respectively. The esti 
mated error amounts are estimated amounts of errors When 

the blocks are coded using reversible discrete cosine trans 
form and then decoded using ordinary inverse discrete 
cosine transform. In the folloWing, a calculation method for 
them is described. 

[0036] Where a matrix obtained by normaliZing roW vec 
tors of a transform matrix of reversible discrete cosine 
transform is represented by A and a matrix composed of 
pixel values of a block is represented by X, a transform 
coef?cient obtained by reversible discrete cosine transform 
of the block has a value proximate to the folloWing expres 
sion (1): 

AXAT (1) 

[0037] Here, Where the original matrix representative of 
discrete cosine transform is represented by C, the folloWing 
expression (2) 

[0038] represents a result of ordinary inverse discrete 
cosine transform performed for the expression (1) above. 

[0039] Consequently, the folloWing expression (3) 

C’1AX(C’1A)T—X (3) 

[0040] is considered to be approximate to an error When 
reversible discrete cosine transform is performed and then 
ordinary inverse discrete cosine transform is performed for 
the block X. 

[0041] Thus, an estimated error amount can be calculated 
from the value of the expression (3) above. If, for example, 
a mean-square error of the block is used as the error amount, 
then a mean-square of the individual elements of the expres 
sion (3) above should be determined to calculate an esti 
mated error amount. 

[0042] The estimated error amount for the ?eld-scanned 
block and the estimated error amount the frame-scanned 
block calculated in this manner are inputted to the compara 
tor 13, by Which the values thereof are compared With each 
other. The comparator 13 thus outputs a signal representative 
of a relationship in magnitude betWeen the estimated error 
amounts, that is, a scan selection signal. In accordance With 
the scan selection signal, one of the frame-scanned block 
and the ?eld-scanned block is selected by the sWitch 14. 
Here, that one of the blocks Whose estimated error amount 
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is determined to be smaller as a result of the comparison of 
the comparator 13 is selected. 

[0043] For the block selected by the sWitch 14, reversible 
discrete cosine transform is performed by the reversible 
discrete cosine transform circuit 1 to determine a transform 
coef?cient. Transform coef?cients of the individual blocks 
are calculated in this manner. It is to be noted that informa 
tion representative of Which one of frame-scanning and 
?eld-scanning is selected for each block is coded as header 
information. 

[0044] As described above, in the reversible moving pic 
ture coding system of the ?rst embodiment of the present 
invention, an error When reversible discrete cosine transform 
is used for coding and ordinary inverse discrete cosine 
transform is used for decoding is estimated, and that scan 
ning Which is estimated to provide the smaller error is 
selected for each block to effect coding of the block. 
Consequently, the compatibility betWeen reversible discrete 
cosine transform coding and ordinary discrete cosine trans 
form coding is augmented. 

[0045] FIG. 2 shoWs in block diagram a circuit construc 
tion of another reversible moving picture coding system to 
Which the present invention is applied. Referring to FIG. 2, 
the reversible moving picture coding system shoWn includes 
a motion estimation circuit 5, a predictor 4 and an adder 3 
Which are all similar to those of the reversible moving 
picture coding system of the ?rst embodiment described 
above With reference to FIG. 1. Thus, overlapping descrip 
tion of the common components is omitted here to avoid 
redundancy. 

[0046] A ?rst frame/?eld scan production circuit 30 pro 
duces frame-scanned blocks and ?eld-scanned blocks from 
a predictive error picture outputted from the adder 3. A ?rst 
reversible discrete cosine transform circuit 32 performs 
reversible discrete cosine transform for the frame-scanned 
block and outputs a frame-scan transform coef?cient block. 
A second reversible discrete cosine transform circuit 33 
performs reversible discrete cosine transform for the ?eld 
scanned block and outputs a ?eld-scan transform coef?cient 
block. A ?rst local decoder 34 decodes the frame-scan 
transform coef?cient block using a motion vector deter 
mined by the motion estimation circuit 5 and outputs a 
frame-scan decoded block. A second local decoder 35 
decodes the ?eld-scan transform coefficient block using the 
motion vector determined by the motion estimation circuit 5 
and outputs a ?eld-scan decoded block. 

[0047] A second frame/?eld scan production circuit 31 
produces frame-scanned blocks and ?eld-scanned blocks 
from a coding object picture of an input video signal. A ?rst 
error amount calculation circuit 36 determines an error 

betWeen the frame-scanned block outputted from the second 
frame/?eld scan production circuit 31 and the frame-scan 
decoded block to calculate an error amount and outputs the 
error amount. A second error amount calculation circuit 37 
determines an error betWeen the ?eld-scanned block output 
ted from the second frame/?eld scan production circuit 31 
and the ?eld-scan decoded block to calculate an error 
amount and outputs the error amount. 

[0048] A comparator 38 compares the error amounts out 
putted from the ?rst error amount calculation circuit 36 and 
the second error amount calculation circuit 37 With each 
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other and outputs a scan selection signal. A switch 39 selects 
one of the frame-scan transform coef?cient block and the 
?eld-scan transform coef?cient block. 

[0049] In operation, motion vectors are calculated from an 
input video signal by the motion estimation circuit 5, and a 
motion compensated predictive picture is produced by the 
predictor 4. Then, the predictive picture is subtracted from 
a coding object picture by the adder 3 to produce a predictive 
error picture. The operations just described are same as those 
of the reversible moving picture coding system of the ?rst 
embodiment described hereinabove With reference to FIG. 
1. 

[0050] From the predictive error picture produced in such 
a manner as described above, frame-scanned blocks and 
?eld-scanned blocks are produced by the ?rst frame/?eld 
scan production circuit 30 in a similar manner as by the 
frame/?eld scan production circuit 10 shoWn in FIG. 1. The 
folloWing processes are performed in units of a block. 

[0051] For the frame-scanned block and the ?eld-scanned 
block, reversible discrete cosine transform is performed by 
the ?rst reversible discrete cosine transform circuit 32 and 
the second reversible discrete cosine transform circuit 33 so 
that a frame-scan transform coefficient block and a ?eld 
scan transform coefficient block are produced by them, 
respectively. Then, one of the tWo transform coef?cient 
blocks is selected in accordance With a scan selection signal 
Which Will be hereinafter described by the sWitch 39 and is 
outputted as an adaptive-scan transform coefficient block. 

[0052] NoW, production of the scan selection signal is 
described. First, the frame-scan transform coef?cient block 
and the ?eld-scan transform coef?cient block outputted from 
the ?rst reversible discrete cosine transform circuit 32 and 
second reversible discrete cosine transform circuit 33 are 
inputted to the ?rst local decoder 34 and the second local 
decoder 35, by Which a frame-scan decoded block and a 
?eld-scan decoded block are produced, respectively. The 
?rst and second local decoders 34 and 35 have such a 
common construction as shoWn in FIG. 4. 

[0053] Referring to FIG. 4, a transform coef?cient block 
inputted to the local decoder shoWn is ?rst dequantiZed by 
a dequantiZer 100 and then inverse discrete cosine transform 
is performed for the resultant block by an inverse discrete 
cosine transform (IDCT) circuit 101. Then, a predictive 
block outputted from a predictor 103 is added to a result of 
the inverse discrete cosine transform of the inverse discrete 
cosine transform circuit 101 by an adder 102 to produce a 
decoded block, and the thus produced decoded block is 
outputted from the local decoder. The predictor 103 pro 
duces the predictive block from a locally decoded reference 
picture stored therein using the motion vector outputted 
from the motion estimation circuit 5. 

[0054] In this instance, if the input to the local decoder is 
a frame-scanned block, then the local decoder produces a 
frame-scan predictive block, but if the input to the local 
decoder is a ?eld-scan block, then the local decoder pro 
duces a ?eld-scan predictive block. 

[0055] It is to be noted that the locally decoded reference 
pictures stored in the ?rst local decoder 34 and the second 
local decoder 35 shoWn in FIG. 2 are the same reference 
picture. In order to produce the local decoded reference 
picture, one of a frame-scan decoded block and a ?eld-scan 
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decoded block is selected for each block. Here, Which one of 
them should be selected depends upon the scan selection 
signal outputted from the comparator 38, and the same one 
of them that is selected by the sWitch 39 is selected. Then, 
the thus produced locally decoded reference picture is used 
to encode a video signal that Will be inputted later. 

[0056] Referring to FIG. 2, the frame-scan decoded block 
and the ?eld-scan decoded block outputted from the ?rst 
local decoder 34 and the second local decoder 35 are 
inputted to the ?rst error amount calculation circuit 36 and 
the second error amount calculation circuit 37, respectively. 
MeanWhile, the second frame/?eld scan production circuit 
31 produces a frame-scanned block and a ?eld-scanned 
block from the coding object picture of the input video 
signal in a similar manner as in the ?rst frame/?eld scan 
production circuit 30. The frame-scanned block and the 
?eld-scanned block are inputted to the ?rst error amount 
calculation circuit 36 and the second error amount calcula 
tion circuit 37, respectively. Each of the ?rst and second 
error amount calculation circuits 36 and 37 calculates a 
difference betWeen the tWo blocks inputted thereto and 
further calculates an error amount. For eXample, Where a 
mean-square error is used as the error amount, each of the 
?rst and second error amount calculation circuits 36 and 37 
calculates and outputs a square-mean betWeen the blocks as 
an error amount. 

[0057] The error amounts outputted from the ?rst and 
second error amount calculation circuits 36 and 37 are 
inputted to the comparator 38, by Which they are compared 
With each other to discriminate Which is larger. The com 
parator 38 thus outputs a signal representative of the smaller 
one of the error amounts as a scan selection signal. Then, the 
block Which exhibits the smaller error is selected in accor 
dance With the scan selection signal as described above by 
the sWitch 39. 

[0058] As described above, in the reversible moving pic 
ture coding apparatus of the second embodiment of the 
present invention, for each block, reversible discrete cosine 
transform is actually performed for both of a frame-scanned 
block and a ?eld-scanned block and that scanning Which 
eXhibits the higher quality of a decoded picture is selected. 
Accordingly, optimum selection can be performed from the 
point of vieW of the compatibility. 

[0059] FIG. 3 shoWs in block diagram a circuit construc 
tion of a further reversible moving picture coding system to 
Which the present invention is applied. Referring to FIG. 3, 
the reversible moving picture coding system shoWn includes 
a motion estimation circuit 5, a predictor 4, an adder 3, a 
reversible discrete cosine transform circuit 1 and a sWitch 14 
Which are all similar to those of the reversible moving 
picture coding system described hereinabove With reference 
to FIG. 1. The reversible moving picture roding system 
further includes a ?rst frame/?eld scan production circuit 30, 
a second frame/?eld scan production circuit 31 and a com 
parator 38 Which are all similar to those of the reversible 
moving picture coding system described hereinabove With 
reference to FIG. 2. Thus, overlapping description of such 
common components as those mentioned above is omitted 
here to avoid redundancy. 

[0060] A predictive picture production section 60 pro 
duces a predictive picture from a transform coef?cient block 
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outputted from the reversible discrete cosine transform 
circuit 1 using motion vectors outputted from the motion 
estimation circuit 5. 

[0061] A third frame/?eld scan production circuit 59 pro 
duces and outputs a frame-scan predictive block and a 
?eld-scan predictive block from the predictive picture out 
putted from the predictive picture production section 60. 

[0062] A ?rst decoded-predictive-error estimation circuit 
52 estimates a predictive error When reversible discrete 
cosine transform is performed for the frame-scanned block 
outputted from the ?rst frame/?eld scan production circuit 
30 and then ordinary inverse discrete cosine transform is 
performed for the resultant block on the decoding side, and 
outputs a frame-scan estimated predictive error block. 

[0063] A second decoded-predictive-error estimation cir 
cuit 53 estimates a predictive error When reversible discrete 
cosine transform is performed for the ?eld-scanned block 
outputted from the ?rst frame/?eld scan production circuit 
30 and then ordinary inverse discrete cosine transform is 
performed for the resultant block on the decoding side, and 
outputs a ?eld-scan estimated predictive error block. 

[0064] An adder 54 adds the frame-scan predictive block 
and the frame-scan estimated predictive error block. 

[0065] Another adder 55 adds the ?eld-scan predictive 
block and the ?eld-scan estimated predictive error block. 

[0066] A ?rst error amount calculation circuit 56 calcu 
lates an error amount from the ?eld-scanned block outputted 
from the second frame/?eld scan production circuit 31 and 
an output of the adder 54. 

[0067] A second error amount calculation circuit 57 cal 
culates an error amount from the frame-scanned block 
outputted from the second frame/?eld scan production cir 
cuit 31 and an output of the adder 55. 

[0068] In operation, motion vectors are calculated from an 
input picture signal by the motion estimation circuit 5, and 
a motion compensated predictive picture is produced by the 
predictor 4 and is subtracted from a coding object picture by 
the adder 3 to produce a predictive error picture. The 
operations just described are similar to those of the revers 
ible moving picture coding system described hereinabove 
With reference to FIG. 1. 

[0069] From the thus produced predictive error picture, a 
frame-scanned block and a ?eld-scanned block are produced 
by the ?rst frame/?eld scan production circuit 30 in a similar 
manner as in the frame/?eld scan production circuit 10 
described above With reference to FIG. 1. The later pro 
cessing is performed in units of a block. 

[0070] One of the frame-scanned block and the ?eld 
scanned block outputted from the ?rst frame/?eld scan 
production circuit 30 is selected in accordance With a scan 
selection signal by the sWitch 14. Further, reversible discrete 
cosine transform is performed for the selected scanned block 
by the reversible discrete cosine transform circuit 1. Con 
sequently, an adaptive-scan transform coef?cient block is 
produced by and outputted from the reversible discrete 
cosine transform circuit 1. The operations just described are 
similar to those in the reversible moving picture coding 
system described hereinabove With reference to FIG. 1. 
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[0071] NoW, production of the scan selection signal used 
by the sWitch 14 is described. First, the frame-scanned block 
and the ?eld-scanned block outputted from the ?rst frame/ 
?eld scan production circuit 30 are inputted to the ?rst 
decoded-predictive-error estimation circuit 52 and the sec 
ond decoded-predictive-error estimation circuit 53, respec 
tively. Then, a decoded-predictive-error is estimated by each 
of the ?rst decoded-predictive-error estimation circuit 52 
and the second decoded-predictive-error estimation circuit 
53, and a frame-scan estimated predictive error block and a 
?eld-scan estimated predictive error block are outputted 
from them, respectively. Here, each of the ?rst and second 
decoded-predictive-error estimation circuits 52 and 53 esti 
mates a predictive error When reversible discrete cosine 
transform is performed on the coding side and ordinary 
inverse discrete cosine transform is performed on the decod 
ing side. 

[0072] As described above, a value obtained by perform 
ing reversible discrete cosine transform for a block X and 
then performing ordinary inverse discrete cosine transform 
for the block X is a value proximate to the expression (2) 
given hereinabove. Consequently, the present circuit per 
forms calculation represented by the expression (2) above 
for an inputted block to calculate an estimated predictive 
error block. 

[0073] MeanWhile, the adaptive-scan transform coef?cient 
block outputted from the reversible discrete cosine trans 
form circuit 1 is inputted to the predictive picture production 
section 60. The predictive picture production section 60 
produces, based on the motion vectors outputted from the 
motion estimation circuit 5, a motion compensated predic 
tive picture Which is considered to be obtained on the 
decoding side. 

[0074] FIG. 5 shoWs in block diagram a construction of 
the predictive picture production section 60. Referring to 
FIG. 5, in the predictive picture production section 60 
shoWn, an adaptive-scan transform coef?cient block input 
ted is ?rst dequantiZed by a dequantiZer (IQ) 130 and then 
inverse discrete cosine transform is performed for the result 
ant block by an inverse discrete cosine transform circuit 
(IDCT) 131. To a result obtained by the inverse discrete 
cosine transform, an output of a predictor 133 is added by an 
adder 132 to obtain a locally decoded picture. The locally 
decoded picture obtained is stored into the predictor 133. 
The predictor 133 performs motion compensation using a 
locally decoded picture stored already therein as a reference 
picture to produce a motion compensated predictive picture. 
Then, the motion compensated predictive picture is added to 
the result of the inverse discrete cosine transform by the 
adder 132 and simultaneously inputted to the third frame/ 
?eld scan production circuit 59 shoWn in FIG. 3. 

[0075] From the predictive picture produced by perform 
ing motion compensation for the local decoded picture 
stored already in this manner, a frame-scan predictive block 
and a ?eld-scan predictive block are produced by the third 
frame/?eld scan production circuit 59. 

[0076] Referring back to FIG. 3, the frame-scan predictive 
block and the ?eld-scan predictive block are added to the 
frame-scan estimated predictive error block and the ?eld 
scan estimated predictive error block by the adders 54 and 
55 to obtain a frame-scan estimated block and a ?eld-scan 
estimated block, respectively. The frame-scan estimated 
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block and the ?eld-scan estimated block are inputted to the 
?rst error amount calculation circuit 56 and the second error 
amount calculation circuit 57, respectively. 

[0077] MeanWhile, a frame-scanned block and a ?eld 
scanned block are produced from the input video signal by 
the second frame/?eld scan production circuit 31 and are 
inputted to the ?rst error amount calculation circuit 56 and 
the second error amount calculation circuit 57, respectively. 

[0078] Operations of the ?rst error amount calculation 
circuit 56 and the second error amount calculation circuit 57 
are similar to those of the ?rst error amount calculation 
circuit 36 and the second error amount calculation circuit 37 
described hereinabove With reference to FIG. 2. Outputs of 
the ?rst error amount calculation circuit 56 and the second 
error amount calculation circuit 57 are compared in magni 
tude by the comparator 38, and a scan selection signal is 
outputted from the comparator 38 in a similar manner as in 
the reversible moving picture coding system described here 
inabove With reference to FIG. 2. 

[0079] Then, one of the frame-scanned block and the 
?eld-scanned block is selected in accordance With the scan 
selection signal by the sWitch 14 and is outputted as an 
adaptive-scanned block as described above. 

[0080] The reversible moving picture coding system of the 
third embodiment described above can achieve reduction of 
the amount of calculation comparing With that of the revers 
ible moving picture coding system of the second embodi 
ment described hereinabove. 

.9996 

—.0065 

.0140 

.0132 

—.0132 

—.0129 

.0055 

.0004 

[0081] In the reversible moving picture coding system of 
the second embodiment described hereinabove, reversible 
discrete cosine transform must be performed for both of a 
frame-scanned block and a ?eld-scanned block. Since 
reversible discrete cosine transform requires a larger amount 
of calculation than ordinary discrete cosine transform, it is 
preferable to minimiZe the number of times by Which 
reversible discrete cosine transform is performed. 

[0082] The reversible moving picture coding system of the 
third embodiment reduces the amount of calculation by 
approximating reversible discrete cosine transform With 
linear operation in place of actually performing reversible 
discrete cosine transform. 

[0083] The reversible moving picture coding system of the 
third embodiment exhibits a result someWhat inferior to that 
of the reversible moving picture coding system of the second 
embodiment described hereinabove from the point of vieW 
of the compatibility since selection control therein partly 
involves approximation as described above. HoWever, since 
selection control is performed using a local decoded picture, 
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a result preferable in that the degree of approximation is 
loWer than that of the reversible moving picture coding 
system of the ?rst embodiment described hereinabove is 
obtained. 

[0084] The reversible moving picture coding systems of 
the ?rst to third embodiments of the present invention 
described above are described in more detail beloW. In the 

reversible moving picture coding systems of the ?rst and 
third embodiments, linear calculation regarding a matrix 

(C_1A) is performed as given by the expressions (3) and 
Where the transform matrix of reversible discrete cosine 

transform is the folloWing expression (4), 

1 1 1 1 1 1 1 1 (4) 

5 4 3 1 —1 —3 —4 —5 

12 5 —5 —12 —12 —5 5 12 

4 —1 —5 —3 3 5 1 —4 

1 —1 —1 1 1 —1 —1 1 

3 —5 1 4 —4 —1 5 —3 

5 —12 12 —5 —5 12 —12 5 

1 —3 4 —5 5 —4 3 —1 

[0085] the matrix (C_1A) is given by the folloWing expres 
sion (5): 

—.0129 .0055 —.0132 .0132 —.0065 .0140 .0004 (5) 

.9996 .0132 .0140 —.0129 —.0132 .0004 .0055 

—.0312 .9996 .0055 —.0065 .0004 .0132 —.0129 

.0055 .0140 .9996 .0004 —.0129 —.0065 —.0132 

—.0065 —.0129 .0004 .9996 .0140 .0055 .0132 

.0132 .0004 —.0065 .0055 .9996 —.0132 .0140 

.0004 —.0132 —.0129 .0140 .0132 .9996 —.0065 

.0140 —.0065 .0132 —.0132 .0055 —.0129 .9996 

[0086] Consequently, Where the transform matrix of 
reversible discrete cosine transform is the expression (4) 
above, the matrix given by the expression (5) above is used 
for estimation of an error. 

[0087] As an example, a result of an examination regard 
ing the compatibility performed using the reversible moving 
picture coding systems of the embodiments of the present 
invention described above is described. An error of a 
decoded picture Where reversible discrete cosine transform 
Was used for coding and conventional discrete cosine trans 
form Was used for decoding Was examined. 

[0088] A picture signal used Was of the 720x480 pixels, 
the 412:2 format and the 150 frames. For coding, basically an 
algorithm of the MPEG-2 Was used With the discrete cosine 
transform thereof replaced by the reversible discrete cosine 
transform described above. Further, transform coefficients 
obtained by the reversible discrete cosine transform Were not 
quantiZed, or in other Words, the quantization step siZe Was 
1. In this instance, the speci?cations of the MPEG-2 Were 
not satis?ed in regard to the generated code amount. In 
decoding, an ordinary algorithm of the MPEG-2 Which 
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employs conventional inverse discrete cosine transform Was 
used. It is to be noted that the distance betWeen core pictures 
(I and/or P pictures) Was M=3 (tWo B pictures are inserted 
betWeen I and/or P pictures), and the number of frames in a 
picture group (GOP; Group of Pictures) Was N=15. 

[0089] Average values of PSNR (Peak Signal to Noise 
Ratio) values of decoded pictures obtained in such a manner 
as described above over 150 frames (120 frames for the 
picture “Confetti”) are illustrated in FIG. 6. 

[0090] From FIG. 6, it can be seen that the reversible 
moving picture coding systems of the ?rst to third embodi 
ments described above exhibit augmented picture qualities 
comparing With that obtained by the conventional system. 
The reversible moving picture coding system of the second 
embodiment exhibits the highest augmentation. In the 
reversible moving picture coding system of the second 
embodiment, reversible discrete cosine transform is actually 
performed for both of a frame-scanned block and a ?eld 
scanned block, and that scanning Which exhibits a higher 
augmentation in decoded picture quality is selected. Conse 
quently, While the reversible moving picture coding system 
of the second embodiment requires the largest amount of 
calculation among the reversible moving picture coding 
systems of the ?rst to third embodiments, it exhibits the 
highest picture quality. 
[0091] The reversible moving picture coding system of the 
third embodiment exhibits the second highest decoded pic 
ture quality. In the reversible moving picture coding system 
of the third embodiment, in place of actually performing 
reversible discrete cosine transform for both of a frame 
scanned block and a ?eld-scanned block, a decoding pre 
dictive error is estimated by approximation calculation. 
Since approximation calculation is involved in this manner, 
although the reversible moving picture coding system of the 
third embodiment exhibits a degree someWhat inferior to 
that of the reversible moving picture coding system of the 
second embodiment Which is the best choice, it exhibits a 
reduced calculation amount. 

[0092] The reversible moving picture coding system of the 
?rst embodiment exhibits the third best decoded picture 
quality. In the reversible moving picture coding system of 
the ?rst embodiment, calculation is simpli?ed by employing 
approximation up to the step in Which a predictive picture is 
produced in the reversible moving picture coding system of 
the third embodiment. Consequently, While the reversible 
moving picture coding system of the ?rst embodiment 
exhibits the loWest degree of augmentation among the 
reversible moving picture coding systems of the ?rst to third 
embodiments, it involves the least amount of calculation 
among them. 

[0093] While preferred embodiments of the present inven 
tion have been described using speci?c terms, such descrip 
tion is for illustrative purposes only, and it is to be under 
stood that changes and variations may be made Without 
departing from the spirit or scope of the folloWing claims. 

What is claimed is: 
1. A reversible moving picture coding system, compris 

ing: 

means for determining a motion vector from an interlaced 
scanned input video signal; 
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means for producing a motion compensated predictive 
picture from a picture for reference using the motion 
vector; 

means for subtracting the motion compensated predictive 
picture from the input video signal to produce a pre 
dictive error picture; 

means for producing a frame-scanned block and a ?eld 
scanned block from the predictive error signal; 

means for estimating an error amount When reversible 
discrete cosine transform is performed for the frame 
scanned block and then ordinary inverse discrete cosine 
transform is performed for the resultant block on the 
decoding side and outputting the estimated error 
amount as an estimated error amount for a frame 

scanned block; 

means for estimating an error amount When reversible 
discrete cosine transform is performed for the ?eld 
scanned block and then ordinary inverse discrete cosine 
transform is performed for the resultant block on the 
decoding side and outputting the estimated error 
amount as an estimated error amount for a ?eld 

scanned block; 

means for comparing the estimated error amount for the 
frame-scanned block and the estimated error amount 
for the ?eld-scanned block With each other to produce 
a scan selection signal and outputting the scan selection 
signal; 

means for selecting one of the frame-scanned block and 
the ?eld-scanned block in accordance With the scan 
selection signal and outputting the selected scanned 
block as an adaptive-scanned block; and 

means for performing reversible discrete cosine transform 
for the adaptive-scanned block to produce an adaptive 
scan transform coef?cient block. 

2. A reversible moving picture coding system, compris 
mg: 

means for determining a motion vector from an interlaced 
scanned input video signal; 

means for producing a motion compensated predictive 
picture from a picture for reference using the motion 
vector; 

means for subtracting the motion compensated predictive 
picture from the input video signal to produce a pre 
dictive error picture; 

means for producing a ?rst frame-scanned block and a 
?rst ?eld-scanned block from the predictive error pic 
ture; 

means for performing reversible discrete cosine transform 
for the ?rst frame-scanned block to produce a frame 
scan transform coef?cient block and outputting the 
frame-scan transform coefficient block; 

means for performing reversible discrete cosine transform 
for the ?rst ?eld-scanned block to produce a ?eld-scan 
transform coef?cient block and outputting the ?eld 
scan transform coef?cient block; 

means for selecting one of the frame-scan transform 
coef?cient block and the ?eld-scan transform coef? 
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cient block in accordance With a scan selection signal 
and outputting the selected transform coef?cient block 
as an adaptive-scan transform coefficient block; 

means for performing ordinary inverse discrete cosine 
transform for the frame-scan transform coef?cient 
block, locally decoding a result of the ordinary inverse 
discrete cosine transform using the motion vector to 
produce a frame-scan decoded block and outputting the 
frame-scan decoded block; 

means for performing ordinary inverse discrete cosine 
transform for the ?eld-scan transform coef?cient block, 
locally decoding a result of the ordinary inverse dis 
crete cosine transform using the motion vector to 
produce a ?eld-scan decoded block and outputting the 
?eld-scan decoded block; 

means for producing a second frame-scanned block and a 
second ?eld-scanned block from the input video signal; 

means for determining an error betWeen the frame-scan 
decoded block and the second frame-scanned block to 
calculate an error amount for a frame-scanned block 
and outputting the error amount for the frame-scanned 
block; 

means for determining an error betWeen the ?eld-scan 
decoded block and the second ?eld-scanned block to 
calculate an error amount for a ?eld-scanned block and 

outputting the error amount for the ?eld-scanned block; 
and 

means for comparing the error amount for the frame 
scanned block and the error amount for the ?eld 
scanned block to produce the scan selection signal and 
the outputting the scan selection signal. 

3. A reversible moving picture coding system, compris 
mg: 

means for determining a motion vector from an interlaced 
scanned input video signal; 

means for producing a ?rst motion compensated predic 
tive picture from a picture for reference using the 
motion vector; 

means for subtracting the ?rst motion compensated pre 
dictive picture from the input video signal to produce a 
predictive error picture; 

means for producing a ?rst frame-scanned block and a 
?rst ?eld-scanned block from the predictive error pic 
ture; 

means for selecting one of the ?rst frame-scan transform 
coef?cient block and the ?rst ?eld-scan transform coef 
?cient block in accordance With a scan selection signal 
and outputting the selected transform coef?cient block 
as an adaptive-scan transform coefficient block; 

means for performing reversible discrete cosine transform 
for the adaptive-scanned block to produce an adaptive 
scan transform coef?cient block; 

means for performing linear operation for the ?rst frame 
scanned block to estimate a predictive error When 
reversible transform cosine transform is performed for 
the ?rst frame-scanned block and then ordinary inverse 
discrete cosine transform is performed for the resultant 
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block on the decoding side and outputting the predic 
tive error as a frame-scan estimated predictive error 

block; 
means for performing linear operation for the ?rst ?eld 

scanned block to estimate a predictive error When 
reversible transform cosine transform is performed for 
the ?rst ?eld-scanned block and then ordinary inverse 
discrete cosine transform is performed for the resultant 
block on the decoding side and outputting the predic 
tive error as a ?eld-scan estimated predictive error 

block; 
means for transforming the adaptive-scan transform coef 

?cient block by ordinary inverse discrete cosine trans 
form and producing and outputting a second motion 
compensated predictive picture using the motion vec 
tor; 

means for producing a frame-scan predictive block and a 
?eld-scan predictive block from the second motion 
compensated predictive picture; 

means for adding the frame-scan predictive block to the 
frame-scan estimated predictive error block to produce 
a frame-scan estimated block; 

means for adding the ?eld-scan predictive block to the 
?eld-scan estimated predictive error block to produce a 
?eld-scan estimated block; 

means for producing a second frame-scanned block and a 
second ?eld-scanned block from the input video signal; 

means for determining an error betWeen the second 
frame-scanned block and the frame-scan estimated 
block and calculating and outputting an estimated error 
amount for a frame-scanned block; 

means for determining an error betWeen the second ?eld 
scanned block and the ?eld-scan estimated block and 
calculating and outputting an estimated error amount 
for a ?eld-scanned block; and 

means for comparing the estimated error amount for the 
frame-scanned block and the estimated error amount 
for the ?eld-scanned block to produce the scan selec 
tion signal and the outputting the scan selection signal. 

4. A reversible moving picture coding system, compris 
ing: 
means for determining a motion compensated predictive 

error from an input picture signal and producing a 
frame-scanned block and a ?eld-scanned block from 
the motion compensated predictive error for each 
block; 

means for estimating error amounts When reversible dis 
crete cosine transform is performed for the frame 
scanned block and the ?eld-scanned block and then 
ordinary inverse discrete cosine transform is performed 
for the resultant blocks on the decoding side and 
selecting that one of the blocks Whose estimated error 
amount is the smaller than the other estimated error 
amount; and 

means for performing reversible discrete cosine transform 
for the selected scanned block. 


