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IMAGE PROCESSING APPARATUS, METHOD THEREOF AND MEDIUM

BACKGROUND OF THE INVENTION

field of the Invention

This invention relates to an image processing apparatus,
method thereof and medium and relates in particular to an image
processing apparatus, method thereof and medium for performing
motion detectionutilizing field differential information, frame
differential information, horizontal edge information and
characteristic image information.

Description of the Related Art

In the related art, a method using the difference between
fields, and a method using the difference between frames are
generallyusedfordetectingnwtionfrbmimagedatathatwasinput,
since these methods can be implemented in a simple circuit
structure.

A vertical deviation or offset equivalent to one line is
present between two successive fields when only the field
differential is used during input of interlaced image data. In
order to therefore calculate this differential, the pixels
positioned between adjacent lines of one of the fields are
calculated by interpolation and offset (compensation) performed,
and the differential with the other field then calculated. In

calculating the field differential value by using pixel data



interpolated from one of the fields in this way, the image becones
blurred due to the interpolation, causing the problem of a drop
in the motion detection accuracy.

When the frame differential method is used in motion
detection, a two field interval is present between the images
whose differential is being detected. Therefore, even in cases
where the frame differential between two images are ar&atch, the.
image between those two images will not always also be a match
and may cause omissions to occur during calculation of motion
detection.

Faulty detection often tends to occur particularly at the
horizontal portion of the edge. The edge has a high difference
in contrast so that just a slight vibration in the target object
or a slight jitfer due to the motion detection circuit causes large
effects, and even images'that should be determined to be
stationary, may appear to change with.dizzy rapidity due to motion

detection.

SUMMARY OF THE INVENTION
In view of the above problems with the related art, this
invention has the object of improving motion detection accuracy
by utilizing the field differential information, frame
differential information as well as information characteristic

of the image.



According to one aspect of the present invention, the image
processing apparatus comprises memory means for storing the image
signal, field differential calculation means for calculating the
field differential value from the image signal stored in the
memory means, frame differential calculation means for
calculating the frame differential value from the image signal
stored in the memory means, a field differential value c;alculated
by the field differential calculation means and, detection means
for detecting the moving region of the image based on the image
signal utilizing the frame differential value calculated from the
frame differential means.

According to another aspect of the present invention, the
image processing apparatus is characterized in that the frame
differential calculation means is capable of calculating the
frame differential value for the target pixels positioned on at
leastz one of the lines from among the lines positioned above and
below the target pixels, and the detection means is capable of
calculating the moving region of the image based on the image
signal by utilizing two or more frame differential values and
field differential values calculated with the frame differential
calculation means.

\According to another aspect of the present invention, the

image processing apparatus comprises extraction means for

extracting the image edge based on the image signal, setting means



for setting threshold values based on edge information extracted
by the extraction means, comparison means for comparing field
differential values and frame differential values respectively
with the threshold values set by the setting means, and output
means for outputting results from the comparison means or
outputting preset specified values according to scene changes,
wherein the detection means is capable of detectingﬂfhe image
moving region based on the image signal by calculating the logical
product and logical sum of results from the output means.

According to another aspect of the present invention, the
image processing method is characterized by comprising'alﬂanory
step to store the image signal, a £ield differential calculation
step to calculate the field differential wvalue from the image
signal stored in the memory step, a frame dif ferential calculation
step to calculate the frame differential from the image signal
stored in the memory step, a field differential value calculated
in the field differential calculation step, and a detection step
to detect the image moving region based on the image signal by
utilizing the frame differential value calculated in the frame
differential step.

According to another aspect of the present invention, the
program for the medium is characterized by comprising a memory
step to store the image signal, a field differential calculation

step to calculate the field differential value from the image



signal stored in thememory step, a frame differential calculation
step to calculate the frame differential from the image signal
stored in the memory step, a field differential value calculated
in the field differential calculation step, and a detection step
to detect the image moving region based on the image signal by
utilizing the frame differential value calculated in the frame
differential step. )

The present invention, as an image processing apparatus,
an image processing method and a medium, calculétes the field
differential value and frame differential value from the image
signal, and detects the image of the moving region based on an
image signal utilizing the calculated field and frameé
differential values, thus rendering the effect.of improved motion

detection accuracy.

BRIEF DESCRIPTIOIE OF THE DRAWINGS
Fig. 1 is a block diagram showing the structure of the
embodiment of the record/reproduction device of the embodiment
of this invention.
Fig. 2 isblock diagram showing the motion detection ¢circuit
26 of Fig. 1.
Fig. 3 is a block diagram s{mwing internal structure of the

moving region discriminator 63 of Fig. 2.

Fig. 4 is a flowchart illustrating the operation of the



motion detector circuit 26.

Fig. 5 is a drawing illustrating the relation of the field
and pixels.

Fig. 6 is a drawing illustrating the positional relation
of each pixel shown over time.

Fig. 7 is a drawing showing the field differential..

Fig. 8 is a drawing showing ;he frame differeﬁ;ial.

Fig. 9 is a drawing showing the line differential.

Fig. 10 is a flowchart illustrating step S4 of Fig. 4 in
more detail.

Fig. 11 is a flowchart illustrating step S11 of Fig. 10 in
more detail.

Fig. 12 is a flowchart illustrating step S12 of Fig. 10 in
more detail.

Fig. 13 is a drawing illustrating the process when a scene

]

change isipresent.

Fig. 14 is a drawing illustrating the process when a scene

change is present.

Fig. 15 is a drawing illustrating the process when a scene

change is present.

Fig. 16 is drawing illustrating the process for isolation

region elimination.

Fig. 17-is a drawing illustrating the frame static image

creation process.
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Figs. 18A to 18C are drawings illustrating the processing
in steps S§5 through S7.
Fig. 19 is a drawing for the frame differential.

Figs. 20A to 20C are drawings showing the media.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Fig. 1 is a block diagram showing the structu;e of the
embodiment of a record/reproduction device 1 applied to this
invention. A broadcast programreceived by an antenna 2 is output
to a tuner 3, the signal only of the program desired by the user
is selected, and output to a switch 4. Data from a device (not
shown in the drawing) connected to an external input terminal 5
is also input to the switch 4. Thé switch 4 selects either the
output from the tuner 3 or the external input terminal 5 according
to a command from the microcomputer 6, and respectively sends an
audio signal to a audio signal procéssor 8 and a video signag_;L to
a video processor 7.

The video signal processor 7 performs processing such as
AGC (automatic gain control) processing of the video signal that
was input and outputs it to the A/D (Analog/Digital) converter
9. The audio signal processor 8, in the same way, performs
specified processing of the audio signal that was input ax}d

outputs it to the A/D converter 10. The A/D {Analog/Digital) -

converter 9 converts the video signals into digital signals and



the A/D converter 10 converts the audio signals into digital
signals. The video signal converted into a digital signal by the
A/D converter 9 is output to a video signal compressor 11, and
the audio signal converted toa digital signal by the A/D converter
10 is output to the audio signal compressor 12.

The video signal input to the video signal compressor 11
is compressed by utilizing a compression method suc£ as MPEG
{(Moving Picture Experts Group) 2 method, output to a memory 13
and gstored. In the same way, the audio signal input to the audio
signal compressor 12 is compressed by utilizing for example, a
compression method such as the MPEG audio method, output to a
memory 14 and stored.

The video data stored in the memory 13 and the audio data
stored in the memory 14 is loaded by a memory controller 15
according to commands from a microcomputer 6 and input to a
recording medulator 17 byway of a bué 16.1 The recordingmodulator
17 performs processing such as addition of error correction data
and EFM (Eight to Fourteen Modulation) on the video data or the
audio data that was input, and then outputs it to a disk 18 and
records it. The disk 18 is an internal hard disk, a loadable
optical disk or a magnetic disk, etc. The recording of data onto
the disk 18 is performed by controlling the disk 18 by means of
a disk controller 19 by commands from the-m@;rocomputer 6.

The data recorded on the disk 18 is loaded by the
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reproduction demodulator 20 and after processing such as EFM
demodulation and error correction, the audio data is output to
the memory 22 and the video data to the memory 21 and recorded.
The data recorded on the memory 21 is loaded under the control
of the memory controller 15 according to commands from the
microcomputer 6 and output to the video decompressor 23. In the
same way, audio data stored on the memory 22 is loaded and output
to the audioc decompressor 24.

The audio decompressor 23 decompresses (elongates) the
compressed video data that was input and outputs this elongated
video data to a memory 25, a motion detector circuit 26 and a video
processor circuit 27. The video signal recorded on the memory
26 is output to the motion detector circuit 26 and the video
processor circuit 27. The memory 25 has a memory sufficient for
video processing and motion detection and is capable of recording
video signals for several fields.

The motion detector circuit 26 performs motion detection
by appropriately combining the field differential and frame
differential (related in detail later)}. The information
resulting from the motion detection is recorded in a memory 28.
Processing such as generating play static images or
expansion/compression is performed by the video processor circuit
27 utilizing the motion detection result information and the video

data for a plurality of fields loaded (read-out) from the memory
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28. The output from the video processor circuit 27 is supplied
to the D/A converter 29 and converted to an analog signal. The
video data converted to an analog signal is output to the video
signal processor circuit 30. The video signal processor circuit
30 performs processing such as emphasis on the video signal that |
was input and outputs it as a component video signal to a monitor
41 connected to a record/reproduction device 1.

The audio data input to the audio decompressor 24 on the
other hand, is supplic_ad to the D/A converter 31. The digital
signal for the audio data that was input to the D/A converter 31,
is converted to an analog signal, output to the audio signal
processor 32, specified processing such as amplification is

performed and the analog signal is supplied to a connected speaker

24

A console 33 is comprised of a remote controller, buttons,
and jog dial, etc. This console 33 is operated by the user to
perform a desired operation on the record/reproduction device 1.
The microcomputer 6 controls each section according to the
operating signals from the console 33.

Fig. 2 is a block diagram showing the motion detector
circuit 26 inmore detail. A memory 25 is comprised of three £ield
memories S1-1 through 51-3. The video data output from the video
signal decompressor 23 is input to the field memory 51-1 of the

memory 25 and also input to the scene change detector circuit 61

- 10 -
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and an adder 62.—1 of the motion detector 26. The video data stored
in the field memory 51-1 is sequentially input to the field memory
51-2 and stored, the video data stored in the field memory 51-2
is sequentially input to the field memory 51-3 and stored.

When the video data input at time t is input to the adder
62-1, the video data output from the field memory 51-1 is the video
data input at time t-1 of one field before. The video d;ta output_
from the field memory 51-2 is video data from two fields before.’
The video data output from the field memory 51-3 is video data
of th;:ee fields before. In other words, the video data for each
field flows from the field memory 5i-1 to the field memory 51-2,
and from the field memory 51-2 to the field memory 52-3. In an
actual circuit structure, instead of shifting the image data, a
plurality of banks may be established within the niemory 25 and
the operation may be performed by switching these banks.

In the description related hereaf ter, the video data output
from the field memory 51-1 at time t is fiéld n, the video data
input to. the adder 62-1 of the motion detector circuit 26 is field
n+1l, the video data output from the field memory 51-2 is field
n-1, and the video data output £rom the field memory 51-3 is field
n-2.

A scene change detector circuit 61 detects scene changes
by using video data of fieldn+l from the video signal decompressor

23 and the video data of the field n from the field memory 51-1.
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Scene change detection is performed by means such as comparison
methods for comparing histograms between fields and methods
utilizing the field differential. The checked (discriminated)
results are output to a moving region discriminator 63.

The adder 62-1 subtracts the video data of field n-1 output
from the field memory 51-2, from the video data of field n+1 output
from the video signal decompressor 23 (Hereafter, this ;ubtracted
value is frame differential a.) and sends the output to the moving
region discriminator 63.

The video data of field n output from the field memory 51-~1
is also output from the adder 62-2 and the delay line 64-1. The
delay line 64-1 supplies to the adder 62-2, the video data for
the line (line m-1) before the specified line (set as line m) of
field n directly supplied from the field memory 51-1. The adder
62-2 adds the video data of line m of field n to the video data
of line m-1 and outputs that value' to a multiplier 65. The
multiplier 65 multiplies this input value by .5 {1/2) and outputs
this value to the adder 62-3. The video data of the line present
in field n-1 and video data for the line present at the same
position are in this way generated at field n.

The adder 62-3 subtracts the video data for the line
positioned to correspond to a position matching field n-1 output
from the field memory 51-2, from the video data for the line

generated for field n, and thus calculates the field differential
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value and outputs this value to the moving region discriminator
63.

The video data of field n output from the field memory 51-1
is also input to the adder 62-4. The adder 62-4 is also input
with video data of field n output from the delay line 64~1. The
adder 62-4 subtracts the video data of line m-1 of fieldn (output
from the delay line 64-1) from the video data for line m of field
n (output from the field memory 51-1) in order to calculate the
line differential value and outputs this value to the moving
region discriminator 63.

Video data of field n-2 output from the field memory 51-3
is input to the adder 62-5 and the delay line 64-2. The delay
line 64-2 undergoes the same processing as the delay line 64~
1, when the video data supplied for example, to the line connecting
to the adder 62-4 from the field memory 51-3 is video data for
line m, then the 1video data of the p&:ior line m-1 is supplied to
the adder 62-6.

The adder 62-5 subtracts the video data of the field n
(supplied from field memory 51-1) ; from the video data of field
n-2 supplied from the field memory 51-3 to calculate the frame
differential value (hereafter frame differential c) and outputs
this value to the moving region discriminator 63.

The adder 62-6 subtracts the video data of the field n

{supplied from delay line 64-1), from the video data of field n-2
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supplied from the delay line 64-2 to calculate the frame
differential value (hereafter frame differential b) and ocutputs
this value to the moving region discriminator 63.

The moving region discriminator 63 determines the regions
where motion is present by utilizing values (input values)
calculated for each section, information relating to scene
changes from the scene change detector circuit 61, ;; well as
information relating to the mode from the microcomputer 6 and
outputs these results to an isolation region eliminator 66.
Details on the operation are related later however, motion
detection is performed by the moving region discriminator 63,
isolation region eliminator 66, moving region expander 67 as well
as software switching circuit 68.

Fig. 3 is a drawing showing a detailed view of tﬁe moving
region discriminator 63. Information relating to the mode from
the microcomputer 6 (Fig. 1} and information relating to scene
changes output from the stene change detector circuit 61 (Fig.
2) is input to the discriminator information selector 81. The
discriminator information selector 81 controls the switches 81-1
through 81-4 based on the information that was input. The field
differential value output from the adder 62-3 is input to the
absolute value circuit 83-1 of the moving region discriminator
§3, the absolute value calculated and output to the comparator

84-1. The output from the switch 85-1 is also input to the
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comparator 84-1. The comparison results from the comparator 84-1
are output to a terminal A of the switch 81-1.

In the same way, the frame differential value a, output from
the adder 62-1 is input to the comparator 84-2 by way of the
absolute value circuit 83-2. The output from the switch 85-2 is
also input to the comparator 84-2. The output from the comparator
84-2 is supplied to the terminal A of the switch 82-1. -‘.‘I‘he frame
differential value b output from the adder 62-6 is input to the
comparator 84-3 by way of the absolute value circuit 83-3. The
output from the switch 85-3 is also input to the comparator 84-3.
The output from the comparator 84-3 is also supplied to the
terminal A of the switch 81-3. Also, the frame differential value
¢ output from the adder 62-5 is input to the comparé.tor- 84-4 by
way of the absolute value circuit 83-4. The output from the switch
85-4 is also input to the comparator 84-4. The output from the
comparator 84-4 is also supplied to the termir;al A of the switch
81-4.

The line differential value from the adder 62-4 is input
to the comparator 84-5 by way of the absolute value circuit 83-5.
The comparator 84-5 compares the line differential value with a
preset threshold value and controls the switches 8-1 through 81-4
baged on the results of this comparison. R

A supply voltage VCC (assigned a wvalue of 1) ls supplied

to the respective B terminals of the switches 81-1 through 81-4.
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Another value (assigned a value of 0) is supplied to the respective
C terminals of the switches 81-2 through 81-4. The outputs from
the switches 81-2 through 81-4 are input to an OR circuit 86, the
logic sums calculated and the result supplied to an AND circuit
87. The AND circuit 87 calculates the logical product of the
values output from the switch 81-1 with the value output from the
OR circuit 86 and outputs the result as a moving region
discrinrination check.

The operation of the motion detection circuit 26 is next
described while referring to the flowchart in Fig. 4. The field
differential is obtained in Step S1. The simulated position
relationship of the field n+l input to the motion detection
circuit 26 at time t, the field n ocutput from the field memory
51-1, the field n-1 output from the field memory 51-2, and the
field n-2 output from the field memory 51-3 are shown in Fig. 5.

As shown in Fig. %, the videé signals are input in an
interlace pattern so that an offset of one line occurs between
the adjoining fields. In other words, the line at the highest
position of field n-2 is set as line m, and when the next line '
is set as m+1l, then line n at the highest position of field n-1,
is at a position midway between line m and line m+l. The pixels
positionedona specifie’d\line within a specified field are pixels
A through F as shown in Fig: 5{

When a portion of Fig. 5 is isclated in the vertical
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direction and investigated according to time sequence or in other
words, when a flat plane all of pixels A through F is isolated,
then that portion appears as shown in Fig. 6. In order to input
the video-signals in an interlace pattern in this way, the pixel
A of field n-i for inétance, is positioned between pixel B and
pixel C of field n. In order to therefore calculate the field
differential in Step S1, the position of pixel G 1ocat:ad between
the pixel B and pixel C of field n, must be interpolated as for
example shown in Fig. 7, in order to calculate the field
differential value of field n-1 with (versus) field n. In other
words, the pixel B and pixel C are added, and half of that added
value (average) becomes the pixel data for pixel G.

When the data stored in field memory 51-1 is field n, in
the mot:‘Lon detector circuit shown in Fig. 2, the data stored in
fieldmemory 51-2 is fieldn-1. When the data for pixel C is output
at this time from field memory 51-1, i:he data for pixel B is output
from the delay line 64-1. The data for pixel B and the data for
pixel C are therefore added by the adder 62-2. This summed data
is input to the multiplier 65 and multiplied by 1/2 so that an
average value is calculated and output to the adder 62-3. The
data for pixel A of the field n-1 output from the field memory
51-2 is also input to the adder 62-3 and the input data of pixel
A, is subtracted from the average value (pixel G data) of pixel

B and pixel C output from the multiplier 65 to calculate the field
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differential value.

When the field differential value is calculated by
performing this same process for all pixels present within each
of the fields, the process proceeds to step §2 and the frame
differential value is calculated. The frame differential value
is calculated by utilizing pixel data of fields having the same
line array. In other words, the respective frame differential
values between field n-2 and field n, the field n-1 and field n+1
are calculatedas shown in Fig. 8. Inthemotiondetectioncircuit
26 shown in Fig. 2 for instance, when the pixel D data of field
n+l is input, the pixel A data of field n-1 is output from the
field memory 51-2. The data of pixel A and the data for pixel
B are consequehtly input to the adder 62-1. The frame
differential value a is calculated by subtracting the pixel D data
from the pixel A data.

Inthisembodiment,ratherthahjustoneframedi&ferential
value, the frame differential value is further calculated by using
pixels (pixels B, C, E, F for pixels A, D) in lines positioned
above and below the line with pixels (pixel of interest) whose '
frame differential value was already calculated, and this value
used in discriminating the moving image region as related later
on. Thus, as described above, the frame differentia%_values of
pixel B and pixel E, and pixel C versus pixel F are respectigely

calculated along with.  the process for calculating the frame
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differential value using pixel A and pixel F.

When the pixel C data of field n is output from the field
memory 51-1 as described above, the pixel B data is output from
the delay line 64-1 so that pixel B data is utilized. The pixel
F data of field n-2 from the field memory 51-3 is positioned to
correspond to pixel C at this time. The pixel E data is output
from the delay line 64-2. The frame differential vaiue b from
the pixel B and pixel E, and the frame differential value c from
pixel C and pixel F are respectively calculated.

When the frame differential values are calculated in this
way in Step S2, the horizontal edge is then detected in Step S3.
The horizontal edge is detected by obtaining the differential
value between lines, and upper and lower adjoining pixel data
present within one field is used. - In other words, the
differential of pixel Bwith pixel C is obtained for example, when
detecting the edge in field n, as shbwn in Fig. 9. In the motion
detection circuit shown in Fig. 2, the pixel C data of field n
output from the field memory 51-1, and the pixel B data of field
n output from the delay line 64-1 to correspond to that pixel C
data, are input to the adder 62-4, and the line differential value
is calculated by subtracting the pixel B data from the pixel C
data.

When the line differential value is calculated in this way,

the process proceeds to step S4, and moving region discrimination
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is performed with the moving region discriminator 63 by using the
differential values calculated in steps S1 through S3. Fig. 10
is a flowchart showing the moving region discrimination proc'ess
of Step S4 in more detail. In Step S11 first of all, connection
processing of switches 85-1 throﬁgh 85-4 '(Fig. 3) of moving region
discriminator 63 is performed. Fig. 11 is a flowchart showing
the conﬁection process of the switch 85.

In Step S21, in the comparator 84-5, a determination is made
as to whether the line differential value (with absolute values
calculated by absolute value circuit 83-5) is smaller than
Edge_thl or not. If determined that the line differential value
is smaller than Edge_thl, then the process proceeds to step S22,
and the switches 85-1 through 85-4 are respectively connected to
the terminal .A. The threshold value Field thl of the field
differential is supplied to the comparator 83-1, by the switch
85-1 connecting to terminal A. In ‘the same way, the threshold
value Frame_thlA of frame differential a, is supplied to the
comparator 84-2 by connecting the switch 85~2, the thresholdvalue
Frame_thlB of frame differential b is supplied to the comparator
84-3 by connecting the switch 85-3, and the threshold value
Frame_thlC of frame differential ¢ is supplied to the comparator
84-4 by commecting the switch 85-4.

When determined in Step S21 on the other hand, that the line

differential value is smaller than Edge_thl, the process proceeds
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to Step S23 and a check made as to whether or not the line
differential value is larger than Edge_thl or smaller than
Edge_th2. When determined that the line differential is larger
than Edge_thl and also smaller than Edge_th2, the process proceeds
to Step S24 and the switches 85-1 through 85-4 are respectively
connected to the terminal B. The connection of the switches 85-1
through 85-4 to the respective terminal B terminal, supplies the
specified threshold value to the comparators 84-1 through 84~
4.

When determined in Step 823 that the line differential value
is larger than the Edge_th2, the process proceeds to Step §25 and
the switches 85-1 through 85-4 are respectively connected to the
terminal C. The specified threshold values are supplied to the
comi;arators 84-1 through 84-4 by connecting the switches 85-1

through 85-4 to terminal C.

3

i The switches 85-1 through 85—4 are thus connected to one
of the terminals A through C according to the line differential
value. The comparator 84-1 compares the field differential whose
absolute value was calculated, with the threshold value supplied
from the switch 85-1. Comparison results showing the field

differential value is larger, are treated as a moving region
candidate and a “1” is output to the switch 81-1. Comparison
results sriowing the field differential value is smaller, are

treatedas astill regioncandidate, anda “0” is output to terminal
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A of the switch 81-1.

The comparators 84-2 through 84-4 in the same way, compare
the respectively input frame differential values a through c, with
the threshold values supplied from the corresponding switches
85-1 through 85-4, and based on the comparison results, output
.a 0 or a 1 to the corresponding switches 81-2 through 81-4.

The switch 85 connections are made in Step S11 -—-(Fig. 10)
in this way, and when the respective comparison results of the
differential values and threshold value are output, the
connections for the switches 81-1 through 81-4 are made in Step
S12. A flowchart illustrating the detailed operation of the
connection process for switch 81 in Step S12 is shown in Fig. 12.

In Step S31, the discriminator information selector 81 in
the moving region discriminator 63 detenﬁines if a field
differential mode is present or not. The device mode and the scene
change detection results are input' to the discriminator
information selector 81. The device mode is mode information for
the recoxrd/reproduction device 1. If the record/reproduction
device 1 is for example, a DVD (Digital Video Disk) player, then
video data effective during times such as in search, will
sometimes only be input intermittently. In this embodiment, the
processing during normal playback uses four consecutive fields
of video information. Incidentally, when two consecutive fields

are input intermittently, the process mode must be changed so that
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processing will use just the video information of the consecutive
two fields. In such cases moving region discrimination must be
performed only with the field differential information. This
kind of mode is called the field differential mode.

When the discriminator information selector 81 determines
in Step S31 that a field differential mode is present, the process
proceeds to Step S32 and the switch 81-1 is connected t; terminal
A, and switches 81-2 through 81-4 are connected to terxﬁinal B.
Then, a *1“ or “*0* output from the corresponding comparators 84-1
through 84-4 is supplied to terminal A of the switch 81-1 through
81-4, and a “*1” is supplied to the terminal B. Also, a “0” is
supplied to terminal C of switches 81-2 through 81-4.

When determined by the discriminator information selector
81 in Step S31 on the other hand, that there is no field
differential mode, the process proceeds to Step 833 and a check
made for whether a scene chanige is present or not. Besides
supplying the scene change information from the scene change
detector 61, information detected beforehand may be recorded for
example from a recording medium and loaded when required.

When determined in Step S33 that there is a scene change,
a determination is made in the processing from step 34, between
what fields the scene change ii_.S present, and processing

implemented according to those results. First of all, a check

is made in Step S34 as to whether or not a scene change is present
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between field n+l and field n. When a scene change is found
between field n+l and field n, the operation proceeds to Step $35.
As shown in Fig. 13, when a scene change is determined to be present
between field n and field n+l, the differential value is
calculated utilizing the pixel D data of field n+l, or in other
words, the information from frame differential value a, is not
used in discriminating the moving region. In other Qbrds, the
moving region is discriminated using only the information
obtained from the frame differential value and field differential
values b and c.

In Step S35 therefore, the switch 81-1 is comnected to the
terminal A {(comparison results from field differential value},
the switch 81-2 is connected to terminal C {(*0” since information
from frame differential value a is not used), and the switches
81-3 and 81-4 are connected to the terminal A (comparison results
from fr%pe differential values b, c).

In Step S34, a check is made as to whether or not a scene
change is present between field n+l and field n. In Step S36 a
check (or determination) is made as to whether a scene change is
present between field n and field n-1. When a scene change is
determined to be present between field n and field n-1 as shown
in Fig. 14, the process proceeds to step S37. No scene change
being present in this way, between the field n and field n~1, is

interpreted as meaning no correlation is present between field
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n and field n-1 and the entire screen is set as the moving region.
Therefore, when the moving region is determined regardless of the
comparison results obtained from the field differential value and
frame differential values a through ¢, the switches 81-1 through
81-4 are respectively connected to terminal B, and a “1” is
supplied to the OR circuit 86 and to the AND circuit 87.

In Step 836, when no scene change is found to I;e present
between field n and field n-1, then the field change is present
between field n-1 and field n-2 as shown in Fig. 15. The process
now proceeds to step $38 and switches 81-1, and 81-2 are connected
to terminal A, and the switches 81-3 and 81-4 are connected to
terminal C. These connections are made so that the information
obtained from pixels E, F of the field n-2 is not used. In other
words, so that the comparison results (values output from
comparators 84-3, 84-~4) obtained from frame differential value
b frame differential value ¢ calculated from pixels E and E will
not be used. The switches 81-3 and 81-4 are therefore
respectively connected to the terminal C and an “0" is supplied
to the OR circuit 86.

When there is a scene change, the differential is selected
for use in discriminating the moving region as described above,
however when determined in Step 833 than no scene change is prf.esent,
the status is as shown in Fig. 6, so the moving region is

discriminated by utilizing all information obtained from pixel
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A through pixel F. In other words, the switches 81-1 through 81-4
in step S39 are respectively connected to terminal A so that the
moving region is discriminated by utilizing results from
comparing the threshold value and frame differential value a
through frame differential value ¢, as well as the field
differential wvalue calculated from pixels A through F.

When the switches 81-1 through 81-4 are conne;ted to a
terminal from among terminal A, terminal B or terminal C, in Step
812 (Fig. 10), the process proceeds to Step S13. In Step S13,
the OR circuit 86 and the AND circuit 87 derive the respective
logical sums and logical products from the data that was input.
The OR circuit 86 calculates in principle, the logic sum from the
data supplied from the switches 81-2 through 81-4, however this
is only when results obtained from the three frame differential
values a through ¢ are all static (still), and provided to output
data with discrimination results tfg.at are static (still) based
on the frame differential information.

The AND circuit 87 gives the product of the moving region
results obtained from the field differential value (results
output from switch 81-1) and the moving region results (results
output from OR circuit 86) obtained from the frame differential
value to obtain the logical sum, a{ld outputs the final moving

region discrimination results to the moving region discriminator

63. Moving region results obtained from the field differential
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value and moving region results obtained from the framé
differential value are output as “1” as moving region
discrimination results only when the moving region for both the
frame and field differential is *“1~".

The accuracy of the motion detection can be improved in this
way, by detecting the motion range while switching the field
differential information and frame differential inforx;xation for
use, from video characteristic information such as scene change
information, horizontal edge information, and device mode
information, .

When the moving region discrimination in Step S4 (Fig. 4)
is finished, the process proceeds to Step S5 and isolation region
elimination is performed by the isolation region eliminator 66.
The isolation regiori here, is a region determined to be a moving
region, present within a region determined to be a still region.
As shown in Fig. .16, even in cases where pixels a through 4 are
determined as a moving region, when the pixels surrounding those
pixels are determined to be a still region, then the pixels a
through 4 are all converted to a still region, and treated as a
still region. However, conversion of a moving region to a still
region is limited to moving regions within a specified size range.
This isolation region elimination processing is intended to
alleviate the effects from noise, or in other words eliminate

regions mistakenly determined due to noise, to be moving regions.
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When isolation region elimination is finished in Step S5,
the process proceeds to Step S6 and expansion processing of the
moving region begins by means of the moving region expander 22.
Moving region expansion is a process to convert froma still region
to a moving region, a specified number of pixels positioned at
both horizontal ends of a region determined to be a moving region.
When the moving region expansion in Step S6 is fini;hed,
soft-switching is performed in Step S7 by the soft~switching
circuit 68. Soft-switching provides a coefficient to smoothly
change the boundary of the moving region and still region. When
the video processor 27 generates a video signal using results from
the motion detector circuit 26, the results of the motion
detection are used as the mixing ratioc for two field images, so
a method such as soft-switching to achieve a smooth change in’
numerical values is preferred.

Video processing by the video processor 27 is described nextz
while referring to Fig. 17. When creating a frame still image
with no movement (blurring) from field n and field n-1, the image
W data is calculated according to Equation 1 by using the data
of adjoining pixels X, Y and Z.

W= ((Y+Z) /2) X md + X X {(1-md) (Equation 1)

In Equation 1, X, Y, Z, W are the respective data for pixels X
X, ¥, Z, and md is the motion detection coefficient. The motion

detection coefficient md is a numerical value greater than 0 or
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less than 1, and indicates a still region when 0, and a moving
region when 1.

By calculating the data for pixel W in this way, the motion
detector coefficient md, rather than having onZ_Ly alor a0 value,
can have smoothly changing values that allowacquiring images with
a smooth boundary between the moving region and still region.

When the soft-switching between the moving regior;and still
region is finished in Step S7, thé results are output to' the result
memory 28 {(Fig. 1) as motion detection results, and stored. These
motion detection results stored in the result memory 28 are
utilized when the video processor 27 generates the video signal
as described above.

The process of Steps S5 through S7 is next described while
referring to Figs. 18A to 18C. Here, Fig. 18A shows the pixels
on the line after elimination of the isolation region in Step S5.
The four moving region pixels are positioned in the center, and
the still region pixels are positioned on both sides of the moving
region. When still region and moving regions are present, and
the moving region is expanded in Step S6, the status becomes as
shown in Fig. 18B. In the state shown in Fig. 18B, two of the
still region pixels positioned at each end of the four moving
region pixels, are newly converted to the moving region. 1In the
example in Fig. 18B, two pixels are converted to the moving region,

however a different number of pixels may of course, also be
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converted.

When soft-switching is further performed in Step 87, after
the status shown in Fig. 18B, the state shown in Fig. 18C is
obtained. In other words, the motion detection coefficient for
pixels within the moving region including the expanded moving
region, are all 1, and the motion detection coefficient in
sequence, from those still region pixels most closely -.atdjoining
that region, changes in steps, such as from 0.75, 0.5, and 0.25.
The portion where the coefficient changes in steps is the region
subjected to soft-switching. The motion detection coefficients
of still regions other soft-switching regions are all zero (0).
The number for the step-like changes may also be set to even smaller
figures.

In the above embodiment, as one example, a LPF (Low Pass
Filter) may applied to the video signal input to the motion
detection circuit 26 in order to reduce noise, and alternatively,
an LPF may be applied to the field differential value of the frame
differential value input to the moving region discriminator 63
to reduce noise.

Tﬁe information used in the discriminator information
selector 81 of the moving region discriminator 63 is not limited
to device mode and scene change detection results, and other
information may also be utilized. Also the above embodiment,

utilized the frame differential values a through ¢, however other
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differential values may also be used. As shown in Fig. 19 for
example, the frame differential value may be calculated utilizing
respectively the pixel H and pixel J, the pixel I and pixel K,
and this value used in motion detection.

Also, two threshold values were used in the comparator 8§4-5
in the moving region discriminator 63 shown in Fig. 3, and three
respective threshold values were utilized in the compar;tors 84-1
through 84-4 and compared with differential values that were input
however, comparisons may also be made using even more threshold
values.

The above mentioned series of processes can also be
implemented with hardware, however software may also be used to
implement the processes. When implementing a series of
processing with software, a program comprised of that software
may be installed in a computer with an internal
record/ reprodt.iction device 1 as the custom hardware or, various
programs may be installed for instance in a general-purpose
computer capable of running those various programs.

An example is described while referring to Figs . 20A to 20C,
for installing a program in a computer to run a series of processes
as described above, with a medium utilized to allow the computer
to run the processes. The computer in this example is a

~

general-purpose computer.

A program as shown in Fig. 20A, can be provided to the user
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while already installed on a recording medium such as a hard disk
102 or a semiconductor memory 103 inside a computer 101.

Alternatively, the program can be provided as shown in Fig.
20B stored temporarily or permanently on a recording medium such
as a floppy disk 111, a CD-ROM (Compact Disk-Read Only Memory)
112, a MO (Magneto-Optical) disk 113, a DVD (Digital Versatile
Disk) 114, a magnetic disk 115, a semiconductor memo;y 115, or
as package software.

The program as further shown in Fig. 20C can be sent by radio
waves from a download site 121 to a personal computer 123 by way
of an artificial satellite 122 for digital satellite broadcasts,
or sent by cable to the personal computer 123 by way of a network
131 such as a local area network or the Internet and can be stored
for instance on a hard disk inside the personal coméuter 123.

The medium as referred to in this text is a concept used
in a broad sense including all of these mediums.

The steps listed in the program provided by the medium in
this text, comply with the sequence as listed in this text, and
the processes performed over time, may not always be performed

over time but may be performed in parallel or individually.
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What Is Claimed Is:

1. An image processing apparatus comprising:

memory means for storing an image signal;

field differential calculation means for calculating the
field differential value from said image signal stored in said
memory means;

frame differential calculation means for calcuiating the
frame differential value from said image signal stored in said
memory means; and

detection means for detecting the moving region of the image
based on said image signal utilizing the field differential value
calculated by said field differential calculation means and the
frame differential value calculated by said frame differential
means.

2. An image processing apparatus as claimed in claim 1,
wherein: 1

said frame differential calculation means calculates the
frame differential value for the target pixels, and the frame
differential value for another group of pixels positioned on at
1east one of the lines from among the lines positioned above and
below said target pixels, and

said detection means detects the moving region of the image
based on said image signal by utilizing two. or more frame

differential values calculated by said frame differential
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calculation means and said field differential values.

3. An image processing apparatus as claimed in claim 1,
further comprising:

extraction means for extracting the image edge based on said
image signal;

setting means for setting threshold values based on edge
information extracted by said extraction means; -

comparison means for comparing the threshold values set by
said setting means respectively with said field differential
values and said frame differential values; and

output means for outputting results from said comparison
means or specified pre-set values according to scene changes,

wherein said detection means detects the moving region of
the image based on said image signal by calculating the logical

product and logical sum of the results outputted by said output

?

L)

4. An image processing method, comprising the steps of:

means.

storing an image signal;

calculating a field differential value from said stored
image signal;

calculating a frame differential value from said stored

image signal; and

~

detecting the image moving region of the image based on said

image signal by utilizing said calculated field differential
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value and said calculated frame differential value.

5. An image processing method as claimed in claim 4,
wherein:

said frame differential calculation step calculates the
frame differential value for the target pixels, and the frame
differential value for another group of pixels positioned on at
least one of the lines from among the lines positionedfabove and
below said target pixels, and

said detection step detects the moving region of the image
based on said image signal by utilizing said calculated two or
more frame differential wvalues and said field differential
values.

6. An image processing method as claimed in claim 4,
further comprising the steps of:

extracting the image edge based on said image signal;

setting threshold values based on said extracted edge;

comparing said set threshold values respectively with said
field differential values and said frame differential values; and

outputting said comparison results or preset specified
values according to scene changes.

7. A medium for running the program in a computer,
comprising the steps of:

storing an image signal;

calculating a field differential value from said stored
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image signal;

calculating a frame differential value from said stored
image signal; -and

deteéting the moving region of the image based on said image
signal by utilizing said calculated field differential value and
said calculated frame differential value.

8. A medium as claimed in claim 7, wherein:

said frame differential calculation step calculates the
frame differential value for the target pixels, and the frame
differential value for another group of pixels positioned on at
least one of the lines from among the lines positioned above and
below said target pixels, and

said detection step detects the moving region of the image
based on said image signal by utilizing said calculated two or
more frame differential values and said field differential

a
N

values. ' 4

9. A medium as claimed in claim 7, further comprising the
steps of:

extracting the image edge based on said image signal;

setting threshold values based on said extracted edge;

comparing said set threshold values respectively with said
field differential values and said frame differeritial values; and

outputting said comparison results or preset s:pecified

values according to scene changes.
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