
1          CIRCUIT FOR AUTOMATIC DETECTION OF LETTER BOX
PICTURES IN TV-RECEIVERS   The present invention relates to a circuit for
automatic  detection of letter box pictures in TV-receivers, whereby the
present invention is, in particular, suited for digital  widescreen
TV-receivers.   One problem arising from widescreen TV (16:9) is that, in
the case of pictures with 4:3 format, blank side panels are visible to the
left and right sides of the screen. If the  source material has letter box
format, black bars exist, in  addition, at the top and bottom of the
visible picture.  The last-mentioned problem may be solved by zooming-up
the 



letter box picture until the picture covers the entire  screen of the
widescreen TV set. Figure 1 illustrates, on the left hand side, a 4:3
letter box picture displayed by a  16:9 TV set without zooming, and
illustrates, on the right  hand side, the same picture on the same TV set
after zooming. As shown, after the zooming the complete screen  of the 16:9
TV set is covered by the visible picture.   In order to be able to zoom the
active picture part it is necessary to obtain information as to whether a
letter box picture or a normal picture has been received. For this purpose,
existing prior art systems have added the necessary information at the
transmitter side to the video signal received by the TV set. The
information is transmitted in the first half of line 23 and can be decoded
at the receiver side. One problem with this prior art
2 



approach may be seen from the fact that only some broadcasters actually add
this information to the video signal, and that only two different letter
box formats, namely 14:9 and 16:9, are distinguished.   According to
another prior art approach, the user of the TV receiver can move cursors to
the beginning and the end of the active picture area, so that the missing
information needed for correct zooming of letter box pictures is provided
by the user himself.   In view of the prior art, it is the object of the
present invention to provide a circuit for automatic detection of letter
box pictures, which circuit is able to detect active picture parts of
different letter box picture formats, which detects sub-titles in the
letter box pictures, and which may be realised with a simple, and thus
cost- effective, design.   This object is solved by the subject matter of
claim 1.   Preferred embodiments are the subject matter of the dependent
claims to claim 1.   Preferred embodiments of the present invention are 



described in the following, in connection with the accompanying drawings,
which show:   Figure 1 is an illustration in which manner a 4:3 letter box
picture can be suitably displayed by a 16:9 TV receiver, after zooming;
3   Figure 2 is a basic diagram of a preferred embodiment of the inventive
circuit;   Figure 3 is a basic diagram of the measurement means shown in
Figure 2;   Figure 4 is a basic diagram of the controller means shown in
Figure 2;   



Figure 5 is a basic diagram of the line-based part means shown in Figure 3;
Figure 6 is a basic diagram of the lowpass filter shown in Figure 5;
Figure 7 is a basic diagram of the field based part-means shown in Figure
3;   Figure 8 is a basic diagram of the start/end-line decision means shown
in Figure 7; and   Figure 9 is a basic diagram of the reliability
evaluation means shown in Figure 7.   Figure 10 is an illustration of
various definitions used for the description of a preferred embodiment of
the present invention.   Figures 11a, 11b and l1c are illustrations of the
operation of the histogram measurement means, the logo detection means and
the line type detection means, respectively, as shown in Figure 5, and     



4  Figure 12 is an illustration of the operation as performed by the
start/end-line decision means shown in Figure 7.   A preferred embodiment
of the inventive letter box detection circuit 1 comprises a measurement
means 2 and a controller means 3. Detection circuit 1 is preferably,
implemented within a digital widescreen television receiver.   Measurement
means 2 receives luminance signal Y and detects therefrom various
characteristics relating to the kind of picture currently received. This
information is provided to controller means 3, which, based on
predetermined criteria, provides an output representative of the kind of
picture currently received.   For convenience of the further explanation of
the preferred embodiment, some terms and corresponding abbreviations which
are used in the following explanation are defined 



below. These definitions are additionally illustrated in Figure 10.
Active Area           AA   active picture part of the
letter box picture    Letter Box Area       LB   letter box picture part
including logos in this part                             (in Figure 3 the
"PANATV" logo)                                        5 Letter Box Subtitle
Area                  LBS  letter box picture part plus
subtitle (in Figure 3 the                            letter box part with
the                            sentence "letter box")   Unsecure Area
UNS  something in between active                             area and
letter box area (in 



Figure 3 the dark picture part                             with the stars,
the flash, the                             moon and the clouds)   Pre-Load
Area         PL   area before the first line of
the complete letter box picture                             and area after
the last line of                             the letter box picture   First
Line Of Picture FLOP the first line of the complete
picture   Last Line Of Picture LLOP the last line of the complete
picture   Start Line Active Area SLA& the first line of the active
picture part   End Line Active Area ELAA the last line of the active
picture part    Start Line Sub-Title  SLST the first line of the
subtitling part    



6   End Line Sub-Title    ELST the last line of the last
subtitle   Active Area First Half                  AAFH number of lines
with line type                            AA in the first half of the
picture   Active Area Second Half                  A&SH number of lines
with line type                            AA in the second half of the
picture   Luminance Signal      Y    the luminance (brightness)
signal of the TV signal   The main task of the measurement circuit is to
provide information in regard to the start and end line of the active
picture part, and preferably also in regard to the 



start and end line of the subtitle picture part. In addition, this circuit
provides information in regard to the reliability of the detected
information. Measurement means 2 operates on a field-by-field basis and
thus, provides each measurement independently from the results of
previously measured fields.   Figure 3 shows the basic diagram of the
measurement means 2 shown in Figure 2. As can be seen, measurement means or
circuit 2 preferably comprises a line based part means or circuit 4 and a
field based part means or circuit 5.
7  The line based part circuit works on each line of the complete picture.
The main task of this part is to give sufficient information on the basis
of measurement results to decide to which of the possible areas of the
picture (compare Figure 10) the current line belongs. This will be referred
to in the following as "line type detection".  



Figure 5 shows line based part means 4 of Figure 3 in more detail. As
shown, line based part means 4 comprises a noise reduction filter means 6,
a histogram measurement means 7, a logo detection measurement means 8 and a
line type detection means 9. Noise reduction filter means is preferably a
lowpass filter means but may, however, also be omitted.   Figure 6 shows a
simple 2-tap FIR-filter which may be used as one example for filter means
6.   As will be understood by those skilled in the art, the operation of
this filter may be expressed as follows:                       Yout =
[err]Yin   + [err]   Histogram measurement means or circuit 7 receives the
output from lowpass filter 6, compares each pixel of a line against a
darkness-brightness threshold value TH_DN_BN and increments for each pixel
exceeding the darkness-brightness threshold a brightness counter (BC) by 1.
The final count for a full line represents a statistical analysis of the
line based on the darkness-brightness threshold.   Similarly, logo
detection means or circuit 8 also receives the output of lowpass filter 6.
Logo detection measurement  



8     circuit 8 counts the length between the first and the last pixel
(LBFLP), which is bigger or equal to the darkness- brightness threshold.
Since logos are located on a small area of the picture, and have a
constrained length, whereas subtitles, in most cases, are longer than the
length of a logo, based on the above mentioned length  a distinction
between logos and subtitles is possible.   Figure 11 illustrates the
operation of histogram measurement means, Figure l1b the operation of logo
detection measurement means 8 and Figure llc the decision made by line type
detection means 9, based on the results calculated by means 7 and 8.
Based on the information provided by histogram measurement means or circuit
7 and logo detection measurement means or circuit 8,- line type detection
circuit 9 decides the type of 



each line. As shown in Figure l1c, this decision is preferably based on
four threshold values. If the amount of the brightness counter is less than
the letter box threshold (THLB), then the line type of the line is "letter
box" (LB). Vice-versa, if the brightness counter is greater or equal to the
active area threshold (THAA) then this line is an "active area" (AA) line
type. The line type is "unsecure" (UNS) if the brightness counter is less
than the active area result, but greater or equal to the letter box plus
subtitle threshold (THLBS). In all other cases, the line type is "letter
box plus subtitle" (LBS). Since "letter box plus subtitle" could also be
"letter box including logo", the length counter is used to decide whether a
line with "letter box plus subtitle" line type is "letter box plus
subtitle" or only "letter box" line type including logo and therefore,
9  simple letter box. If the length counter is greater than or equal to the
letter box plus subtitle length threshold (THLBS) length, then the line
type is letter box plus subtitle (LBS). Otherwise, the line type is letter
box 



(LB).   After the processing performed by line type detection means 9, each
line of the letter box picture belongs to a certain area, expressed by the
line type. Based on this information, field based part means 5 of Figure 3
is able to determine the start and end lines of the active picture part and
of the subtitle part of the picture.   As will be understood by those
skilled in the art, the quality of the analysis performed by line based
part means 4 of Figure 3 mainly depends on the correct selection of
threshold value THDNBN. According to the present invention and as will be
explained in more detail herein below, according to the present invention
it is preferable to adaptively adjust the threshold value TH_DN_BN based on
an analysis performed by controller means 3 of Figure 2.   The line type
signal output by line type detection means 9 of Figure 5 is applied to
field base part means 5 of Figure 3. Figures 7, 8 and 9 illustrate field
based part means 5 in more detail.   The field based part means 5 of Figure
3 receives the output of line based part means 4 of Figure 3.  The task of
this unit is to give sufficient information to the controller means 3 of
Figure 2 to prepare the final decision as to which format the actual
picture has. As mentioned, the  



10 result of the field based part means indicates the start line and the
end line of the active area picture, as well as the start line and the end
line of the subtitle part of the picture.   The mentioned signals are
indicated in Figure 7 as output signals from start/end-line decision means
13. In addition, field based part means 3 outputs a reliability signal
which informs whether the provided results are reliable or not. This signal
is indicated in Figure 7 as output from reliability evaluation means 14.
In the following the operation of portions 10, 11, 12, 13 and 14 of Figure
7 will be described. Singularity elimination means 10 may be implemented by
a non-linear filter having the task of eliminating singularities from the
line type decision, as well as to correct line type signal decisions based
on knowledge of the dynamic behaviour of the letter box picture.  



Unit 10 operates according to the following rule:   If between two line
type blocks of length k and m with the same line type a block with any
mixture of different line types of the length n exists, this block is
substituted with the line type of the outer blocks. The length of the
blocks are set by parameters and in a preferred embodiment the value for k
and m is 3, and for n is 2.   The correction task is performed based on the
following assumptions:              It may happen that the statistical
behaviour of a subtitle line in a letter box plus subtitle area, as well as
in a pure letter box area is like the statistical behaviour of an active
area line. In this case the false detection is corrected in that, in case
that a block of lines of active area line type is detected between two
blocks of letter box 



plus subtitle line types/letter box line type, the active area line type
determination is changed to letter box plus subtitle line type.   In order
to correct false decisions at the beginning and the end of the complete
letter box picture, a block of a mixture between letter box plus subtitle
and letter box detected between a block of pre-load area and a block of
active area is corrected to active area line type. This is important for
the start and the end line decision of the active picture part, when the
source material is 4:3 non letter box  picture.   The task of the
unsecure-elimination means 11 is to eliminate unsecure line type decisions.
This block substitutes a line type of a line n with a line type of line
n-1, when the determination for line n is unsecure. Since, in case of
uncertainty, it shall be assumed that each field is a 4:3 picture, the
start value of the respective processing is active area line type in case
that the line type of the first line type after the pre-load area is
unsecure.   The operation of the singlularity elimination means 12 is
similar to that of unit 10. This block has, preferably,     



12 different parameter settings and, preferably, all mentioned parameters
k, m, n are 1.   For the description of the operation of start/end line
decision means 13, reference is made to Figure 8, showing that this block
preferably comprises counter means 15, as well as start/end-line decision
filter means 16.   The counter 15 counts the amount of lines with the line
type active area in the first half of the letterbox picture (AAFH) as well
as the amount of lines with the line type  active area in the second half
of the letter box picture (AASH). These counter values are used later on to
correct the decision of the start/end-line decision block. The reason is to
enable a fast decision, if the actual picture is a 4:3 non letter box
format source material. Therefore it is necessary to define a minimum
amount of lines with an active area line type threshold MA AA TH. If the
AAFH counter value is greater is or equal to the threshold, the start line
of the active area (SLAA) is set to the first line of the complete picture
part (FLOP) and if the counter 



value of AASH counter is greater or equal to the threshold, the end line of
the active picture part is set to the last line of the complete picture
(LLOP). In addition to that, the corresponding status signals are set to
the value true. This is done, in any case, meaning that the decisions of
the start/end-line decision block 13 are overwritten, if one or both of the
conditions are true.   Start/end-line decision filter 16 makes the decision
on two consecutive blocks with the same or mixed line types. The start line
of the active picture part (SLAA) is found, when
13  a block with the length p and the mixed line type letter box plus
subtitle/letter box or with line type pre-load is followed by a block with
the length 1 and the line type active are. This determination is
illustrated in Figure 12. In the same manner, the start line of the
subtitle part (SLST) is found, when a block with the length p of the line
type letter box is followed by a block of the length n with the line type
letter box plus subtitle. Both decisions are only made once, meaning that
if a start line was found, the 



processing of unit 13 is disabled for the actual field of the source
material.   Vice-versa, the end line of the active picture part (ELAA) is
found, when a block of the length 1 with the line type active area is
followed by a block of length p, with mixed line type letter box plus
subtitle/letter box or with the line type pre-load. Again, the end line of
the subtitled part is found, when a block of length 1 with the line type
letter box plus subtitle is found by a block with the line type letter box.
Both decisions can be made more than once, meaning that if an end line was
found, this part of the processing of unit 13 is not disabled for the
actual field of the letter box picture.   If a decision was made, the
corresponding status signal is set to the value "true". The default value
of the status signal is "false".   In a preferred embodiment, p is 3 and 1
is 10, meaning that the minimum decision basis is three consecutive lines
with the same line type.         



14   If the start line and end line of the active picture part is not
overwritten by the correction based on the values of counter means 15, the
start and the end line of the active picture part, as well as of the
subtitle part, and the corresponding status signals, are provided to
controller means 3.   Reliability evaluation means 14 receives the output
from unit 10 as well as the output from unit 12. Reliability evaluation
means 14 is illustrated in more detail in Figure 9.   As shown, the output
signal from unit 10 of Figure 7 is applied to counter means 17 and 18
whereas the output of unit 12 of Figure 7 is applied to counter means 19
and 20. Counter 17 counts the maximum length of consecutive lines with the
line type unsecure (unslength). The second counter 18 counts the amount of
lines with the line type unsecure and letter box plus subtitle
(unslbsamount). Counter 19 computes the maximum length of consecutive
letter box plus subtitle line type lines (lbslength) and counter 20
computes the amount of letter box line type lines (lbamount). These four
values are compared against four corresponding thresholds. The thresholds
are, the maximum unsecure line type length threshold MUNSLTH, the maximum
letter box plus subtitle line type length threshold MLBSLTH, the amount of 



letter box plus subtitle and unsecure line type threshold ALBSUNSTH and the
amount of letter boy line type threshold ALB_TH. The reliability signal is
now set to the value "false" (meaning that the start and end line values
are not reliable), when one of the following conditions is true:
15      unslength          >         MUNSLTH             (1)      lbslength
>         MLBSL TH            (2)      unslbsamount       >
ALBSUNS_TH          (3)      lbamount           >         ALB TH
(4)   If none of the four conditions is "true", the reliability signal is
set to the value "true", which means that the start and the end line values
are reliable.   Condition (1) is true if the length of consecutive lines
with 



the line type unsecure is greater than the threshold MUNSL_TH. The reason
for this decision is that, if it not possible to decide a particular as
belonging to, the decision is postponed until a secure decision is
possible.   Condition (2) is based on the knowledge, that the height of the
subtitles in a letter box picture does not exceed a given limit.
Condition (3) is true, if the amount of lines with the line types unsecure
and letter box plus subtitle is greater or equal to the threshold
ALBSUNS_TH. In this case it is assumed that the complete picture consists
of dark areas and therefore of unsecure parts.   Finally, it is not
possible that the amount of letter box line types exceed a certain limit.
That is the basis for condition (4).   The reliability evaluation part
comprises up to four conditions. It is clear that this part can be extended
in any         



16  case. Despite the low hardware complexity, it was found by simulation
that the mentioned four conditions are sufficient.   The reliability signal
is applied together with the start and end lines and the corresponding
status signals to the controller circuit 3 of Figure 2.   In the following
controller means 3 is explained in more detail in connection with Figure 4.
As shown in Figure 4, in a preferred embodiment controller means 3 of
Figure 2 comprises a quantiser means 21, an absurdity check means 22 and a
final decision block means 23.   Quantiser means 21 receives the above
mentioned signals output by start/end-line decision means 13 of Figure 7.
The reliability signal output by reliability evaluation means 14 of Figure
7 is received directly from final decision block 23.   As mentioned
earlier, the controller means preferably comprises knowledge of the system
behaviour and knowledge of the past and provides, based on the information
received from the measurement means and based on a plurality of processing 



steps, finally determined start and end lines of the active picture part
and of the subtitle part.   The signals finally output by the controller
means are then used to correctly zoom the picture, whereby for this zooming
a circuit as described in co-pending European application "Digital Signal
Processing Circuit for a Television Receiver", may be used.
17  Since such a circuit usually only provides a limited number of
different zooming factors, it is preferable that the start and end line
signals are quantised. This quantisation is done by quantiser means 21.
This is preferably done so that no relevant information is lost. If, for
example, the active picture part has a size which with no available zoom
factor which may be enlarged to the exact screen size, then that zoom
factor is chosen which enlarges the active picture part closest to the full
screen size, without thereby enlarging the active picture part so that
relevant information is lost from the top and bottom of the active picture
part.  



Quantised start and end line signals output from the quantiser means are
supplied to the absurdity check means 22.   The absurdity check means
detects impossible or unlikely combinations of the detected start and end
lines.   The evaluation of the absurdity check means is, for example, based
on the knowledge, that the end line of the active picture area is always at
least a predetermined amount of lines greater than the start line of the
active picture. The same relationship also exists for the start and end
line of the subtitling area, and respective relationships also exist
between the start and end line of the active picture area in regard to the
start and end line of the subtitling area.   The absurdity check means 21
informs, through a status signal status AC, the final decision block means
whether or not the applied start and end lines of the active picture part
and the subtitling part may be regarded as valid.           



18 The task of the final decision block means is to decide which format the
actual picture has. The basic idea of the final decision block is to wait
for secure and stable signals and then to set up the final start and end
lines. As long as the signals are stable, no changes are made. Stable in
this context means that the signals do not change their values for a given
time period.   In particular, final decision block means 23 evaluates
status signal AC provided by absurdity check means 22. If the status AC
signal is "false", the actual measurement results are not evaluated and the
final signals are not changed. On the contrary, if the status AC signal is
"true", the reliability signal provided from the measurement part is
evaluated. In the case of a "false" reliability signal, no change of the
final signals is made, and further processing for the actual picture is
disabled. If the reliability signal is "true", further processing is
enabled.            



1.   A letter box picture detection means for receiving a video signal and
for       providing output signals indicating at least the start and end
line of the       active picture part of a picture represented by the
received video signal,       said means comprising:         first means (4)
comprising means (7) for comparing the brightness value       of each pixel
of a line of the picture against a first threshold value,       counting
means (7) for counting the amount of pixels exceeding the first
threshold value, and means (9) for at least determining for each line
whether or not the current line is an active area line of the picture, that
determination being at least based on the count value provided by the
counting means (7),         second means (5) for determining at least the
start and end line of an       active area of the picture based on the
determination made for each line       by the first means (4) and for
providing a reliability signal, indicating the       reliability of the
determinations made in regard to the start and end lines       and
a third means (3) for receiving the reliability signal and signals
representing the determinations made by the second means in regard to
the start and end lines for generating confirmed start and end lines,
wherein said third means (3) adaptively adjusts said first threshold value
on an analysis of the reliability signal.  



2.   A letter box picture detection means according to claim 1, wherein
said       means for determining (9) further determines for each non-active
area                   line of the picture whether or not the respective
line is a subtitle part line       of the picture, and         said second
means determines in addition the start and end line of the       subtitle
part of the picture   3.   A letter box picture detection means according
to claim 1 or 2, wherein       said first means further comprises means (8)
for detecting for each line       the distance between the first and the
last pixel having a brightness       value exceeding that first threshold
value, wherein said means for       determining (9) determines any
non-active area line to be a subtitle line,       if said distance is
greater than a second threshold value.   4.   A letter box picture
detection means according to one of the  preceding       claims, wherein
said first means further comprises a filter means for 



filtering the received video signal, preferably a 2-tap FIR-filter.   5.
A letter box picture detection means according to one of the preceding
claims further comprising a third  means (3) for receiving the reliability
signal and signals representing the determinations made by the second
means  in regard to the start and end lines for generating confirmed start
and end lines of the active area picture part and/or subtitle area picture
part based on an analysis of the reliability signal and/or based on
knowledge obtained from previous measurements and/or based on rules
stored in the third means (3).   6.   A letter box picture means according
to one of the preceding claims,       wherein said third means (3)
adaptively adjusts said first th eshold value       further based on
knowledge obtained from previous measurements       and/or based on rules
stored in the third means.   7.   Integrated circuit comprising a letter
box picture detection means       according to one of the preceding claims
further comprising means for                                       21
controlling the zooming of the picture based on the start and end line 



indications provided by the letter box picture detection means.   8.
Television receiver comprising letter box picture detection means
according to one of the claims l - 6 or an integrated circuit according to
claim 7.    


