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present I nvention relates to a digital signal processing C|rCU|t4h@ﬁQf2*€(*
t ebevi sion receiver, which circuit supports up-conversion and digital
zoom ng. Zooming in this context neans to expand a picture, or a portion
of "a picture, by adding additional lines to the picture, said |ines being
geherated according to interpolation techni ques.. Zoom ng may, in
particular, be used to convert a pictureltransnitted in the |etterbox
format, into a picture covering the whol e screen. In regard to
up-conversion there are currently two, comon, approaches. One is the

so-called 100/120 Hz |nterlaced scannlng approach the other is the
so-cal | ed 50/ 6Q pr 0O S e SCa [ approach,

The present invention relates to a digital signal

processing circuit for a television receiver, which circuit

supports up-conversion and digital zooming.

Zooming in this context means to expand a picture, or a
portion of a picture, by adding additional lines to the
picture, said lines being generated according to
interpolation techniques. Zooming may, in particular, be
used to convert a picture transmitted in the letterbox

format, into a picture covering the whole screen.

In regard to up-conversion there are currently two, common,
approaches. One is the so-called 100/120 Hz interlaced
scanning approach, the other is the so-called 50/60 Hz

progressive scan conversion approach.

Figures 1b and 1lc illustrate the principle of these two

techniques, whereas Figure la illustrates traditional 50/60

Hz interlaced scanning.

According to traditional 50/60 Hz interlaced scanning,
every picture (frame) is divided into two fields, one field
comprising the odd lines of the complete frame, the other
field comprising even lines of the complete frame. The two
fields A and B, forming together a full frame, are |
displayed at successive times, which is illustrated in

Figure 1 by the field sequence A,B,A,.




Figures Ib and 1c illustrate the principle of these two techni ques, whereas
Figure la illustrates traditional 50/60 Hz interlaced scanning. Accor di ng
to#raditional 50/60 Hz interlaced scanning, every picture (franme) is
divided into two fields, one field conprising the odd Iines of the conplete
frame, the other field conprising even lines of the conplete frane..- The two
fiélds A and B, formng together a full sframe, are displayed at successive
times, which is illustrated in Figure 1 by the field sequence A B A ....

2 The 100/ 120 Hz interlaced scanning technique differs fromthe
traditional 50/60 Hz interlaced scanning in that four tinmely successive
fields are di ghleaged/uzeily ionerflased peahning |tedhrégae @l £drs Erdm t hi s
can be achi eve bz field repetjtion lLeading to field seguence of

A ABB,.... TRfpF LTt/ 50 H 2o nFREL AT FeanBdBgeln drldF (08T ar ge
area flicker, dikRikl B8céédSiRd fiv1Rea$aBi §1 8% during one frame

period. In the simplest form, this can be achieved by
field repetition leading to field sequence of A,A,B,B,....
Such simple repetition of the fields reduces only the large
area flicker,.thé line flicker is the same or even
increased cémpared with a normal 50/60 Hz interlaced
display. A second form is achieved by frame repetition
leading to field sequence A,B,A,B,.... This method leads
to acceptable results in case of pictures that are
practically without motion (still picture). 1In order to
enhance the picture quality achievable with 100/120 Hz
interlaced scanning, it is proposed that motion adaptive
filtering is used, in that generation of additional fields
is performed, dependent on the amount of motion contained
in the picture. This is illustrated in Figure 1lb, by the
sequence AA* ,BB*....If motion is existent, fields A and B
are not merely repeated, but the additional fields A*x, B*
are generated, dependent on the amount of motion present in

the picture.

Figure 1c illustrates the 50/60 Hz progressive scanning
technique. BAccording to this technique, to each field A,B,
the respective missing odd or even lines are added, so that
two interlaced fields, A/A*, B*/B, are simultaneously

displayed.

It is the object of the present invention to provide a
digital signal processing circuit for a television

receiver, which circuit combines up-conversion processing



i ncreased conpared with a -normal 50/60 Hz interlaced display. A second form

is achieved by frane repetition leading to field sequence AB,A B,.... This
nmetshod | eads to acceptable results in case of pictures that are practically
Wi thout nmotion (still picture). In order to enhance the picture quality

achi evable with 100/ 120 Hz interlaced scanning, it is proposed that notion
adaptive filtering is used, in that generation of additional fields is

per formed, dependent on the anount of mdtion contained in the pi cture. This
is illustrated in Figure | b, by the sequence AA*, BB*.... If notion is
existent, fields A and B are not nerely repeated, but the additional fields
A*, B* are gemétht edomitepanpeessdngt hwhanebintthef alwrudh paedent in the

picture. Flg%r 1%Cd'||#ﬁ# H%ilbgiﬁggéggl #r ressive scanning

t echni que. AcCor echnlq &Fd A B, the respective
m ssing odd or even lines are added so that two |nterlaced fields, A A+,
B*/ B, are sinultaneousl i s the object of the present

dis | t
i nvention to 6P6§|883%9%| 4%1 §ﬁgﬁ¥ltBFoE%E%ﬁ?R;WﬁtFéﬁl?ffﬁﬁe%FQQﬂ evi si on
receiver, whi fjGhrguit conbines up-conversion processing

Preferred embodiments of the present invention are the

subject matter of the dependent claims to claim 1.

In the following a preferred embodiment of the present
invention is described in detail, in connection with the

accompanying drawings, which show:

Fig. la-c illustrations for describing traditional S$0/60
Hz interlaced scanning, 100/120 Hz interlaced

scanning and 50/60 Hz progressive scanning,

Fig. 2 a schematic diagram of a circuit combining up-
conversion-, zooming- and panning-

capabilities,

Fig. 3 a schematic diagram of a circuit combining
motion dependent up-conversion-,'zooming— and

panning-capabilities, and

Figs 4 & 5 diagrams for illustrating the operation of the

phase accumulation means.

The circuit according to Figure 2 basically comprises three
main units, namely a field memory 1, a filter unit 2 and a
control unit 3. Field memory 1, which is preferably a

field RAM, stores one field of an incoming video signal,



3 wth zoom ng processing, whereby the circuit nmay be realised using
relatively sinple hardware. This object is solved by the subject matter
of present claiml. Preferred enbodi nents of the present invention are
the subject matter of the dependent clains to claiml. In the following a
preferred enbodi nent of the present invention is described in detail, in
connection with the acconpanyi ng draw ngs, which show Fig. la-c
illustrations for describing traditi onl 50/ 60 Hz interl aced
scanni ng, 100/120 Hz interlaced scanni ng and 50/ 60 Hz

progressi ve scanning, Fig. 2 a schematic diagramof a circuit
conbi ni ng up- whereby the vidgay&igndh-conrsifesyonirdlyairanRe or
capabilities, . FLfinah . schspaiis di . Qf Cj |1t hi.ni.ng
noti on dependeﬁt upféoﬁ§éfgﬁgﬁ-, zooﬁérmﬁuégﬁyﬂe Lado sigiar, %Qnngh'
panni ng- capabi Filtes, umind 2 is preferably a so-called FIR-filter and most
preferably a 2-tap FIR-filter. The filter unit comprises a
line memory 4, adder means S and 6, and a multiplier 7. As
1
will be understood by those skilled in the art, if filter
unit 2 is a 2-tap-filter, as illustrated in Figure 2, the

filter operation may be mathematically expressed as

follows:
Y = kX°+(l-k)X4J

whereby X, represents a current line, Xq_represents'a line
succeeding the current line and y represents the output of
. the filter unit. Factor k is applied by control unit 3
and, as is apparent from the above formula, determines the
ratio by which a current line and the adjacent succeeding

line are mixed to provide an interpolated line.

If there is no zooming, no additional lines to the lines
already stored in field memory have to be generated, and so
factor k can be selected with a value of 0 in order not to
change the lines provided by field memory 1. If there is
zooming the generation of additional lines is necessary.
For example, to expand a picture received in the letterbox
format, to a format matching the full size of the screen,
it is necessary to generate additional lines by

interpolating lines adjacent to the active part of the

picture.

Control unit 3 is preferably a so-called phase accumulator

unit, basically comprising a line address counter 8, an



Figs 4 &5 diagrans for illustrating the operation of the
phase accunul ation means. The circuit according to Figure 2 basically
conprises three main units, nanmely a field nmenory 1, a filter unit 2 and a

control unit 3. Field menory 1, which is preferably a field RAM stores
one field of an incom ng video signal, 4

wher eby the video signal conprises only_lum nance or chrom nance signals of
the incom.ng video signal, or both. FiIPer unit 2 is preferably a so-called
FIR-filter and nost preferably a 2-tap FIRfilter. The filter unit

conprises a line nenory 4, adder neans 5 and 6, and a nmultiplier 7. As will

be under st ood &gdéﬂunaanskelhad amddYay amt reghstét tevansniln.?2 Sinee
2-1 filt
ot et ool |y SRS S PR R ” i 1R ARG PRLRLL" R 1S

memory 1, and simultaneously supplies factor k to
multiplier 7 of filter unit 2, it controls which of the
lines stored in field memory 1 are interpolated with each

other, and according to which ratio.

As shown in Figure 2, controller unit 3 preferably
comprises adder wmeans 9 receiving at a first input an
initial value or a zoom factor ahd, at a second input, the
low 6 bits (0..5) output of register means 10. Register
means 10 coupled to the output of the édder means 9 delays
the input from adder means 9 by a time period corresponding
to one line. Adder means 9 is preferably a seven bit adder
and thus provides a seven bit word to register means 10.
The seven bit output from register wmeans 10 is split, in
that the most significant bit is applied to line address
counter 8, and the lower 6 bits (0..5) are applied to
multipliér 7, of filter unit 2. These lower 6 bits are.

also applied to one of the inputs of the adder.

The phase accumulation means 3 is executed every output
line. The physical distance between two lines of the input
field is divided into 64 steps. Theoretically it is
possible to generate at every step position an output line
by interpolation. If a zooming factor from one to two is
realised then, at maximum, two of these new interpolated
output lines are required. Therefore, there is no need to

generate a line at all 64 steps.

The output of control unit means 3 can be described by the

following mathematical formulae:



[err] whereby X err] represents a current line, Xerr] represents a line
sucteeding the current lirne and y represents the output of the filter unit.
Factor k is applied by control unit 3 and, as is apparent fromthe above
formula, determnes the ratio by which a current |line and the adjacent
succeeding line are mxed to provide an interpolated |ine. If there is no
zoém ng, no additional lines to the lines already stored in field nenory
have to be generated, and so factor k can be selected with a value of 0 in
order not to change the lines provided by field nenory 1. If there is

zoom ng the generation of additional lines is necessary. For exanple, to
expand a picture received-in the letterbox format, to a format matching the
full size of the screen, it is necessary to generate additional |ines by

interpolating lines dtj Zc&NETt®4d f# active part of the picture.. Control

unit 3 is preferably,a gogall ‘edcd;@sg‘ogcgqrml(gtgrl unis, basically
conprising a |line address cbunter 8, an e
la, = INIT div 64

la, = la, + (k;., + comp) div 64 (n = 1,2,3,...)

where: INIT = initial value, which depends on the field
~(Al,A1*,Bl* or B1) generated_
k = value given to multiplier means 7 (bit 0..5)
k, = k-factor for the first output line (line No. 0)

la = output of line address counter

n = output line number to be generated (n = 1,2...)
comp = compression factor (32...64)

mod = modulo operation (rest of division)

div . =

division operation (integer result of division)
The following example illustrates the above given formulae:

The output field is Al and the compression factor is S50.

This means that only 78% of the incoming picture is displayed
(50/64 = 0.78; with an initial value for Al=64). In Figure
4, the generation of output field Al with n=0 and n=1 is

shown.




5 adder neans 9 and a delay or register nmeans 10. Since control unit 3
addresses, via line address counter 8, field nenory 1, and sinultaneously
supplies factor k to nultiplier 7 of filter unit 2, it controls which of
the lines stored in field nmenory 1 are interpolated with each other, and
according to which ratio. As shown i'n Figure 2, controller unit 3
preferably conprises adder means 9 regeiving at a first input an initial
val ue or a zoom factor and, at a second input, the low 6 bits (0..5) output
of register neans 10. Register means 10 coupled to the output of the adder
means 9 del ays the input fromadder neans 9 by a tinme period correspondi ng
to one line. Atdeoutpahsfdeld iﬂeﬁfler ahldytheseaméﬁstzoaﬂdactaﬂdlé he.s.

provi des a se n bi to.re neans The, seven bit out put from
regi ster rrean ut'épmg ?‘l‘eﬂ? rf“?'h etﬁé‘lﬁbgf‘ g?]g‘fﬁ i dRE Bi ?°'f‘%}lza?p|cﬂ i%d to
line address counter 8, and the lower 6 bits (0..5) are applied to
multiplier 7, of filter unit 2. These |ower 6 bItS are also applied to one
of the inputs ¢f trthe addesr. | Thékaphata=cutputullineoh neduspd: ilsinexejcut ed
every .out put |ifne. The physi ¢al di stfafc#FikdwMenstiw df NaneoMemndey i nput
field is divid¢d ionto]64d2steps.3gheqreticalTy 1t 15 POSSTDI @ TO generate at
every step posifTT O alf Oggpuy T §8€ By T nterpgratTon 1 —a zopm g ffct or

fromone to twyTs; g1 3 5 T
3 47 17 3 2.
4 33 31 4 3
S 19 45 5 4
6 5 59 6 o)

Figure 3 geometrically indicates a preferred embodiment of
a circuit according to the present invention, combining
motion adaptive up-conversion-, zooming- and panning-

capabilities.

The circuit shown in Figure 3 comprises a field memory 1'
and a filter unit 2', which basically provide the same
function as units 1 and 2 of Figure 2. Unit 2 is
preferably the 2-tap FIR-filter for intra-field
interpolation, which result is used in case of motion. The
circuit of Figure 3 further comprises a control unit 11
controlling the addressing of field memory 1' and filter
unit 2', similar to control unit 3 in Figure 2. The |
circuit of Figure 3 additionally comprises a further field

memory 12 and a further filter unit 13.

Unit 13 is preferably a 3-tap FIR-filter for intra-frame
interpolation, which is used in case of no motion or slow
motion. Preferably one coefficient of the 3-tap filter is

always set to zero. Therefore, the 3-tap filter can be



realised then, at maxi num two of these new interpolated output |lines are
required. Therefore, there is no need to generate a line at all 64 steps.

The out put of control unit means 3 can be described by the follow ng
mat hemati cal fornmul ae:

k[err] = INIT nod 64 k[err] = (k[err] + conp) nod 64 (n =
1,2,3,...) laferr] = INT div 64 la[err] = laferr] +
(k[err] + conmp) div 64 (n =1,2,3,...) 8 where: INIT = initial value, which
depends on the field (Al,Al* Bl * or Bl) generated Kk
= value given to multiplier nmeans 7 (bit 0..5) k[err] = k-factor

for the first msdlfided bgea(titwp MIR-Bilter withldultipllefetrsOhehhseraddress
counter and 18, which are described below.

Briefly explained, filter unit 13 performs a similar filter
operation to that of filter unit 2' based however, on

different input signals. Control unit 11 controls both,

filter unit 2' and filter unit 13.

Mixer unit 14 combines the output of filter unit 2' and the
output of filter unit 13 and outputs, through normalisation
unit 19, the resultant video'signal. The operation of
mixer unit 14 is controlled by a motion signal supplied

from a motion detection unit (not shown).

Basically, mixer 14 passes the output from filter unit 13
to its output if there is no motion, and passes the output
signal from filter unit 2' to its output if there is '

maximum motion. In the case of intermediate motion values,

mixer 14 combines the outputs of filter units 2' and 13.

- As shown in Figure 3, control unit 11 applies a control
signal to filter unit 2' and filter unit 13. These control
signals are preferably supplied to multiplier 15_and

multiplier 16 respectively.

The phase accumulation means 11 is executed for every
ocutput line. .The physical distance between two lines of
the output field is divided into 128 steps. Theoretically,
it is possible to generate at every step position an output
line by interpolation. If a zooming factor from one to two
is realised then, at maximum, in 100/120 Hz mode two, and

in 50/60 Hz mode, four of these new interpolated output



n = output |ine nunber to be generated (n = 1,2...) conp =

conpression factor (32.. .64) nod = nodul o operation (rest of
divi si on) _ div = division operation (integer result of division)
The follow ng exanple illustrates the above given formnul ae: The out put

fi'eld is Al and the conpression factor is 50. This neans that only 78% of
the incomng picture is displayed. (50464 = 0.78; with an initial value for
Al =64). In Figure 4, the generation of output field Al with n=0 and n=1 is

shown. 0 0 64 1 0 1

50 14 1 0 -2 36 28 2
1 3 lppes arejxrequired. Th@refore, there is filo need 4o 8 56
4 : 0, 4 3

6 44 gEBegate a fine gt §§1 128 steps. 4

The output of control unit means 11 can be described by the

following mathematical formulae:
6 Bit Adder and Reg:

INIT/2 mod 64

kmg
km,

(ky., + comp/2)mod 64 (n = 1,2,3,...)

8 Bit Adder and Reg:

temp, = INIT mod 128
temp, = (temp,, + comp)mod 128 (n = 1,2,3,...)
knm, = temp,mod 64 (n = 0,1,2,3,...)

mux, = temp,div.64 (n = 0,1,2,3,...)

la, = INIT div 128
la, = la,., + (k,., + comp) div 128 (n =1,2,3,..)
where: INIT = initial value, which depends on the field to

be generated (Al,Al*,Bl* or B1)
km = value given to multiplier means 15 (bit 0..5)
km, = k-factor for multiplier means 15 of the

first output line

temp = temporal variable
knm = value given to multiplier means 16 (bit 0..5)
mux = mux _ctrl, signal to control multiplexers

means 17 and 18
la = output of line address counter

n = output line number to be generated (n=0,1,2..)



7

The output field is Al* and the conpression factor is 50. For

out put
fireld Al* the initial value is (64 + conp/2) = 89. n [err]
| a=out put line CQutput |ine. of Field Menory of.

Li ne Menory 0 25 39 1 0 1 11
53 _ 2 1 2 61 3 2

1L 3 47 17 3 2 4 33 31

4 3 5 19 45 5

5 59

4 6
6 0o

Figure 3 geonetrically indicates a preferred'énbodiﬁént of a circuit

according to the present invention,

up- conver si on-,

conbi ni ng notion adaptive
Zoup Nng= cavgreasnongtactoapalsi4.iéBi.83. . .1q%e circuit shown in

Figure 3 conprises‘g field nnrﬁgl' and érfrlt rdggk

provi de the sane TUMct i o RE-InP

. 2" which basically
ey FE A gure é?oﬁhit 21s

preferably the 2-app FlRdiivilsdlonf 6peratisn f (idltdgert eepol atodiiwigion)resul t

is used in case

of notion. The

The output of the line address .counter is given to the field'

memory

means 1. The address, which is given to field memory

means 12 can differ by one line, dependent of the field
(Al1,A1*,Bl* or Bl) to be generated.

The two multiplexers (17, 18) are controlled by a muk_ctrl

signal.

If the mux_ctrl signal is "0" then the output of the

line memory means 2 and the output of the field memory means 12

. is applied to the filter means 13. °"If the mux_ctrl signal is

“i1" then the output of the field memory means 1 and the ‘output

of the

line memory means 2 is applied to the filter means 13.

The following example may illustrate the above given formulae.

78% of

If output field is Al and the compression factor is 100, only

the-incbming picture is displayed (since 100/64 = 0.78

with an initial value for Al = 128)

sErdEd) S8 Blarl ] Popipleld
g Bl At SUICTI NN PR Nl
0 0 64 0 0 64 0 1 0 0
1 S0 14 100 36 28 1 1 0 0
2 36 28 72 8 Sé 1 2 1 1
3 22 42 44 44 29 0 3 2 2
4 8 56 16 16 48 0 4 3 3
S S8 [ 116 S2 12 1 4 3 3
6 44 20 88 24 40 1 S 4 4

The output field is Al* and the compression factor is 100.



circuit of Figure 3 further conprises a control unit 11 controlling the
addressing of field nenory 1' and filter unit 2', simlar to control unit 3
inzFigure 2. The circuit of Figure 3 additionally conprises a further field
menory 12 and.a further filter unit 13. Unit 13 is preferably a 3-tap
FIR-filter for intra-frame interpolation, which is used in case of no
notion or slow notion. Preferably o coefficient of the 3-tap filter is

al ways set to zero. Therefore, the 3-tap filter can be

8 realised by a 2-tap FIRfilter with nultiplexers neans 17 and 18, which
are descri bed bel ow. Briefly explained, filter unit 13 perforns a simlar
filter operation to that of filter unit 2' based however, on different

i nput signals. Control "unit 11 controls both, filter unit 2' and filter
unit 13, For output field Al* the initial value is (128+comp/2)=178.

n | km, | 64- jtemp,| kam,| 64~ |mux,} la = output | Qutput line | Output line
: '] X .*u“mhi_ line of Pield] of Line | of Field
: . i - Memoxy means | Memory means|Memory means

25 39 50 50 14

11} S3 22 22 42
61 3 122 | S8 6
47 17 94 30 34
33 31 66 2 62
19 | 45 38 38 26
S 59 10 10 5S4

bl wIP O

o|lojrr|r|ofo
o] w] &) wj o ol e
wlw] wl vl = | ols
el wlwlvl e ol

Figure S illustrates the generation of output field Al with
n=0 and n=1. In the second column the output of the 2-tap
filter means is shown and in the third column the output of

the 3-tap filter means 13 is shown.

As mentioned, the circuit according to Figure 3 combines
up-conversion capabilities with zooming and panning
capabilities. Thereby the circuit according to Fig. 3 is

able to perform interlaced scan conversion and progressive

scan conversion.

The principle operation of the circuit shown in Figure 3
for different situations, i.e. as interlaced scanning or
progressive scanning, zooming or no zooming, motion or no
motion (still), will be explained in connection with the

following Tables 1 and 2.



M xer unit 14 conbines the output of filter unit 2
fifter unit 13 and outputs,
vi-deo signal .

and the output of
t hrough normalisation unit 19, the resultant
The operation of m xer unit 14 is controlled by a notion

signal supplied froma notion detection unit (not shown). Basi cal | y,
m xer 14 passes the output fromfilter unit 13 to its output if there is no
notion, and passes the output signal fromfilter unit 2° to its output if

there is maxi mumnotion. In the case of internediate notion val ues, mxer .
14 conrbines the outputs of filter upets 2' and 13. As shown in Figure 3,
control unit 11 applies a control signal to filter unit 2' and filter unit
13. These control signals are preferably supplied to multiplier 15 and

mul tiplier 16 respectively. The phase accumul ati on nmeans 11 i s executed
for every output |line. The physical distance between two |ines of the
output field is divided into 128 steps. Theoretically, it is possible to
generate at every step position an output line by interpolation. If a
zoonming factoy fromone to twofis realised thep, at maxi num ijn 100/ 120 Hz

nmode two, .and"\“ﬁ 60 Hz [fRgd| four DTA hese hew i @)ol at ed @Jt
video

video
. A1 A1* B1* B1 A2
fields

fields
used data for interpolation
incase of:

1. no zoom and motion A1

output

A1,A1LD|B1,B1LD] - B1
_ 2. no zoom and still A1 BO A1 B1
A1, A1LD{ A1, A1LD RB1, B1LD {B1, B1LD

A1, A1LD,| A1, A1LD,| A1,B1, | A1,B1,
B0 BO B1LD B1LD

LD: line delay
this is for a geometical offset

3. zoom and motion

4. zoom and still

Table 1: incoming video data for 120 / 100 Hz interlaced scan conversion

incoming ' '
video BO A1 B1 A2
fields
%l;ctlggt - A1l A1 B1*/ B1 A2/ A2*
fields
used data for interpolation
in case of:
1. no zoom and motion A1, A1LD B1, B1LD
2. no zoom and still A1, B0 A1, B1
3. zoom and motion A1, A1LD 81, B1LD
4. zoom and stiil A1, A1LD, A1, B1,
BO B1LD

LD: line delay

this is for a geometical offset

Table 2: incoming video data for 50 / 60 Hz progressive scan conversion



9 | ines are required. Therefore, there is no need to generate a |line at

al |l 128 st eps. The output of control unit neans 11 can be described by
the foll owi ng mat hematical fornul ae: 6 Bit Adder and Reg:

knferr] = INIT/2 nod 64 knrferr] = (k[err] + conp/2)nod 64 (n =
1,2,3,...) 8 Bit Adder and Reg: tenp[err] = INT nod 128
teap[err] = (tenp[err] + conp)nod 128 (ﬂ3: 1,2,3,...) knnferr] = .
tenp[err] nod 64 (n =0,1,2,3,...) "~ nmux[err] = tenp[err] div.64 (n
=0,1,2,3,...) ' la[err] = INT div 128 | a[err] = laferr]
+ (k[err]+ conmp) div 128 (n =1,2,3,..) where: INIT = initial val ue,
whi ch depends on the field to be generated (A, Al *, B1* or
Bl ) km = value given to nmultiplier means 15 (bit 0..5)

knferr] = k-Takdeol FERCHXRS P19 OperasAon19f ofhe lrcuit with regard

to interlaced scanning and in particular for 100/120 Hz

interlaced scan conversion.

As mentioned above, in the case of interlace scanning, the
amount of fields is doubled, in that during the time period
of a field Al of an incomin§ video signal, two fields A1,

Al* are generated and displayed.

In the case of no zooming and no motion (still) in the
picture, sub-field Al is identical to incoming field Al and
sub-field Al* is identical to the previous incoming field

BO (situation 2).

Tn the case of no zooming, but with motion, sub-field Al is
identical to incoming field Al, the lines of sub-field Al*
are however, generated by interpolating adjacent lines of
incoming field Al. This is indicated in Table 1 by the
expression Al,Al1LD, whereby LD designates'“line delay"

(situation 1).

In the case of zooming and motion, the lines of both sub-
fields Al and Al* are generated by interpolating respective

adjacent lines of incoming field Al (situation 3).

In the final case of Table 1, a situation with zooming and
no motion (still) (situation 4), lines of sub-fields Al and
Al* are generated by interpoiating adjacent lines of
incoming field Al and lines of previous field BO. Although
explained in more detail herein below, it should be

mentioned that interpolation between lines of adjacent

. la



first output line tenp = tenporal variable - knm =

value given to nultiplier neans 16 (bit 0..5) - Mux mux ctrl,
signal to control nultiplexers means 17 and 18 | a
= output of Iline address counter : n = out put |ine nunber to be
generated (n=0,1,2..) ' 10

conp = conpression factor (64,68, 72.. 28) nod = nodul o operation
(rest of division) div = divistdn operation (integer result of

di vi si on) The output of the I|ine address counter is given to the field
menory neans 1. The address, which is given to field nenory neans 12 can

di ff ert bé one irdimindegeauesatanfaddiad iigl dchfbvéd *byBltheObpBiit i &n her
gener at ed.

multiplexer 17 and 18 of filter unit 13.

Table 2 illustrates the situation in the case of
progressive scan conversion. As mentioned above, in the
case of progressive scan conversion, each incoming field
is, by interpolation, expanded into a frame whereby all

lines of the resultant frame are displayed during the same

field period.

Table 2 shows the manner in which individual lines of

frames Al/Al* and Bl*/Bl are generated for the mentioned

four different situations.

In case of 100/120 Hz interlaced scan conversion gnd output
field Al and Ai*, the output data of field memory means 1
is data of input field Al and the output data of the line
memory means 2 is input field Al one line delayed. The
output of field memory means 12 is the input field BO.
Thus, the input of the 2-tap filter means 2 is input field
Al and input fiela Al one line delayed (A1LD). One
coefficient of the 3-tap filter is preferably always set to

zero, in that it can be realised by a 2—tap.filter with

multiplexers.

In case of output field Bl* and Bl, the output data of
field memory means 1 is data of input field Bl and the
output data of the line memory means 2 is input field Bl
one line delayed. The output of field memory means 12 is
input field Al. Thus, the input of the 2-tap filter means
2 is input field Bl and input field Bl one line delayed
(B1LD). The input of the 3-tap filter means 13 is input



The two nul tiplexers (17,
mux: ctrl signa

18) are controlled by a nmux ctrl
is "0" then the output of the line nenory neans 2 and the
means 13.

output of the field nenory neans 12 is applied to the filter

t he muxctrl signal is "1

field is Al and the conpression factor i st3100,
picture is displayed (since 100/64 =

0.78 with an initial

si gnal .

If the
| f

S then the output of the field nmenory neans 1 and
the output of the line menory neans 2 is applied to the filter
The followi ng exanple may illustrate the above given fornul ae.

means 13.

| f out put

only 78% of the incom ng
val ue for Al

29

128) 0 0 64 0 0 64 0 1 0 0
1 50 14 kﬁ@ld3§1 a®® B1llD and thé input EleIH Al oneOcoefficientd 28
72 8 56 2 1 22 42 44 44
0 3 of the 3-tap filter 1s4pregeraggy ahypys f6t B9 zepo, in 4
3 3 %éaﬁ 4 pyla 2-tap filtewith 3 3
S a4 20 BT ihfayce is¥ py' ap filterwith, - The out put

field is Al * andttipdergespression factor is 100.



For output field Al* the initial value is (128+conp/2)=178. n knferr]
64- ‘tenmp[err] knnferr] 64- nux[err] la [err] output output [ine Qutput |ine
line of Field of Line. of Field Menory neans Menory nean
Menory neans ' - —_—t——2 12
0 25 39 50 50 14

0 1 0 ay 11 53
RS S , L3 16y 171", ml\“z\lw“!g“l\!‘m R
; 3 3
3 3

2 ' 2 4 33 31 66 2 62 1
5 19 45 38 38 26 0 5 - 6 5 59
10 10 54 0 6 4 4 Figure 5 illustrates the

generation of output field Al wt h

CLAIMS
1. Digital signal processing circuit for a television receiver
comprising:

a first field memory (1; 1') for storing input data
representative of the chrominance or luminance portion of one
field;

first interpolation means (2; 2') for generating interpolated
line data based on line data received from said first field

WMEMOYY ;

zooming and up-conversion control means (3; 11) for controlling
the read-ocut of line data from said first field memory and the
interpolation performed by said interpolation means based on a
zoom factor input to said zooming and up-conversion control

means.

2. Digital signal processing circuit according to claim 1, wherein
said first interpolation means is a FIR-filter, preferably a 2-
tap FIR-filter.

3. Digital signal processing circuit according to claim 2, wherein
said FIR-filter comprises weighting means (7) which are



n=0 and n=l. In the second colum the output of the 2-tap

filter means is

shown and in the third colum the output of the 3:tap filter means 13 is

(RS e oy

the circuit according to Fig. 3 is able to performintet|dced séan*

conversi on and progressive scan conversiygn. The principle operation of
the circuit shown in Figure 3 for different situations, I
scanni ng or progressive scanning, zoom ng or no zoom ng,

shown. - As nentioned, the circuit according to Figu
up-conversion .capabilities with zoom ng and panning

notion (still), wll be explained in connection with
1 and 2.

t he

.e. as interl aced
notion or no
foll owi ng Tabl es

controlled by said zooming and up-conversion control means (3;

11).

>

Digital signal processing circuit according to one of the

 preceding claims, wherein said zooming and up-conversion

control means determines the first line data to be read out

from the first field memory in accordance with a received

active area signal in that only relevant line data is supplied

to the interpolation means.

S. Digital signal processing circuit according to one of the

"t

preceding claims, wherein said interpolation means comprises at

least one line memory for outputting a one line-delayed version

% of the current line data output from the first field memory.

6. Digital signal processing circuit according to one of the

preceding claims, wherein said zooming and up-conversion

control means comprises adder means (9), line delay means (10)

and line address counter means (8), wherein

said adder means receives said zoom factor as a first input and

provides output data to said line delay means (10),

said line delay means (10) provides output data to said

interpolation means and to said adder means as a second input

thereof,

said line address counter (8) receives the MSB from the ocutput

of the line delay means and controls by its ocutput the read-out

of thé first field memory.

This Sheet Has Been Rep
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REPLACED




12 I ncom ng vi deo fields

[err] out put fields used data for interpolation in case of: 1. no
zpom and notion Al A ,A LD B1, B1LD B1 2;

BO Al Bl 3. zoom and notion ‘Al AL D B1, BlLD
4. zoom and still Al,AILD, Al, ALLD, Al, Blhﬁmmﬁ“ﬁ“ﬁblﬁw

BO - BO B1LD B1LD 18 ne del ay
this is for a geonetical offset Table 1: incom ng video data for- 120
100 Hz interlaced scan conversion I ncom ng vi deo BO

Bl fields out put vi deo

[err]

7. Digital signal processing circuit according to claim 5, wherein
said adder means is a 7-bit adder and said line delay means
provides the six lower bits of its output to the second input
of the adder means and to the interpolation means and provides

the most significant bit of its ocutput to said line address

counter means (8).

8. Digital signal processing circuit according to one of the
claims 1-S, wherein said digital signal processor further
comprises:

a second field memory (12), a second interpolation means (13)

and a mixer means (14), wherein,

said second field memory is coupled to the output of the first
field memoiy,

said second interpolation means (135 receives as a first input
the output of the second field memory (12), as a second input
the output of the first field memory (1') and as a third imput
a one-line-delayed version of the output of the first field
memory and generates, based on either the first and second or
the first and third inputs, interpolated line data,

said wmixer means (14) receives the output data from the first
and the second interpolation means (2', 13) and generates
ocutput data based on the two inputs and based on a motion
signal supplied by a motion detection unit.

Y
\
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fields used data for interpolation In case of: 1. no zoom and nDtlon

Al ,A LD B1, B1LD 2. no zoom and still Al, BO

Al, Bl 3. zoom and noti on A, ALD mm and
still Al , AILLD, , Al , B1,

' ellp A,

thi.s is for a geonetical offset Tabl S 2: inc vi deo dat'a for 50/ 60
Hz progressive scan conversion 1 13
Tabl e I concerns the operation of the circuit with regard to interlaced
scanning and in particular for 100/120 Hz interlaced scan conversion. As

ment i oned above, in the case of interlace scanning, the anount of fields is
doubled, in that during the tinme period of a field Al of an incom ng video
signal, two fi®l dsDigitaAl dignat ebedsng ciapditdiaa@dralyag to claim 8, wherein

said second interpolation means is an FIR-filter and preferably
a 2-tap FIR-filter.. '

10. Digital signal processing circuit according to cléim 9, wherein
said FIR-filter comprises weighting means (16) which are
controlled by said zooming and up-conversion means (3; 11).

11. Digital signal processing circuit according to claim 10,
wherein said FIR-filter comprises multiplexer means (17, 18)
for passing either the first and second or first and third
input to the FIR-filter.

12. Digital signal processing circuit according to one of the-
claims 8-11, wherein said zooming and up—conversidn means (11)
controls the weighting operation performed within the first
interpolation means and the weighting operation performed by
the second interpolation means and further controls the
switching of the multiplexer contained in the second

interpolation wmeans (13).

.13. Digital signal processing circuit according to one of the
claims 8-12, wherein the third input to the second
intexrpolation means is provided by a line delay means comprised

in the first interpolation means.

———
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In the case of no zoom ng and no notion (still) in the picture, sub-field
Al is identical to incomng field Al and sub-field Al* is identical to the
previous inconmng field BO (situation 2). In the case of no zoom ng, but.
with notion, sub-field Al is identical to incomng field Al, the lines of
sub-field Al * are however, generated by interpol ating adjacent |ines of
ineonming field Al. This is indicated-in Table 1 by the expression A, ALLD,
whereby LD designates "line delay" (si4gation 1). In the case of zoom ng
and notion, the lines of both sub- fields Al and Al * are generated by .
interpol ating respective adjacent lines of incomng field Al (situation 3).
In the final case of TpbGeTAL SIGNANPROCESSiNG ZEPREGET AGR N0 NOtion

(still) (situation 4), lines of fﬂﬂg@i@ié§ é#%ﬁiyhfd* are generated by
ie

i nterpol ating adj acent |lines of incomn and |ines of previous
field BO Al though explained in nore deta|I herein below, it should be
mentioned that interpolation between |ines of adjacent

ABSTRACT

Digital signal processing circuit for a television
receiver comprising: a first field memory for
storing input data representative of the chfominance
or luminance portion of one field; first
interpolation means for generating interpolated line
data based on line data received from said first
field memory; zooﬁing and up-conversion control
means for controlling the read-out of line data from
said first field memory and the interpolation
performed by said interpolation means based on a
zoom factor input to said zooming and up-conversion

control means.

(No suitable figure)

TH=1052 ~ 4



14 incomng fields Al and BO is achieved by the operation of nultiplexer
17 and 18 of filter unit 13. Table 2 illustrates the situation in the
case of progressive scan conversion. As nmentioned above, in the case of
progressi ve scan conversion, each incoming field is, by interpolation,

expanded into a frame whereby all lines of the resultant frame are

di spl ayed during the sane field period. Tabl e 2 shows the manner in which
individual lines of frames Al/A* and Bl */Bl are generated for the
mentioned four different situations. In case of 100/120 Hz interl aced

scan conversion and output field Al and Al *, the output data of field
menory neans 1 is data of input figls Al and the output data of the line
menory nmeans 2 is input field Al one line del ayed. The output of field
menory neans 12 is the input field BO Thus, the input of the 2-tap filter
means 2 is input field Al and input field Al one Iigle, del ayed (Al1LD). One
coefficient of the 3-tap filter is preferably alway lgaf["ao zero, in that
it can be realised by a 2-tap filter with multiplexers.

50/60 Hz
interlaced ( 2:1)

A
: B
A
Fig. 1b
— ————
=
— 100/ 120 Hz
interlaced ( 2:1)
s A
; A*' B
A
Fig. 1c
— 50/60Hz
proscan { 1:1)
AlTA*
y = BB
AlA*



In case of output field Bl* and Bl, the output data of field nenory neans 1
Is data of input field Bl and the output data of the line nenory neans 2 is
input field Bl one line delayed. The output of field menory nmeans 12 is
input field Al. Thus, the input of the 2-tap filter means 2 is input field
Bl and input field Bl one line delayed (B1LD). The input of the 3-tap
filter means 13 is input : 15 field
Bl and B1LD and the input field Al. One coefficient of the 3-tap filter is
preferably always set to zero, in that it can be realised by a 2-tap filter
with mutipl exers.
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16 1. Digital signai processing circuit for a television

receiver conpri si ng: a first field nenory (1; 1') for storing
i nput data representative of the chrom nance or |um nance portion of
on't field; first interpolation neans (2; 2') for generating
I mt er pol at ed | i ne data based on |ine data received fromsaid first
field nmenory; zoom ng and up-conversion control neans (3; 11)
for controlling the read-out of line data fromsaid first field nenory
and the - i nterpol ation perforned by said interpol ati on neans based on a
zoom factor input to said zoom ng and3H§-conversion control . nmeans.
2. Digital signal processing cirtcuit according to claim1l1, wherein
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said first interpolation neans is a FIRfilter, preferably a 2- tap

FIR-filter. 3. Digital signal processing circuit according to claim 2,
wherein said FIRfilter conprises weighting neans (7) which are

17 controlled by said zoom ng and up-conversion control neans (3;
4.* Digital signal processing circuit according to one of the

precedi ng cl ai ns, wherein said zoom ng and up-conversi on control neans
determnes the first line data to be read out fromthe first field
menory in accordance with a received 445i ve area signal in that only

relevant line data is supplied

input line 0 ( =X-1) output line 0

o

Lot ettty

0

'+ (64- 50)
=22%

16

N
»H

(24
N

-3
o

output line 1

a
(<]

0n
»

* 50
=78%

N
N9

input line 1 ( =x0)

Fig. 4



to the interpolation neans. 5. Digital signal processing circuit
aceording to one of the precedi ng clains, wherein said interpolation
means conpri ses at | east one line nmenory for outputting a one
Iiﬁe-del ayed version of the current line data output fromthe first
field nenory. 6. Digital signal processing circuit according to one of
t he precedi ng clains, wherein said zds# ng and up-conversion
control neans conprises adder neans (9), l|line delay neans (10) and

| i ne address counter neans Jﬁ , wherein sai d adder neans receives
said zoomfactor as a {%m i’@ and 2ptapviiltr{2put putd- thp fter¢13yai d

|l ine delay nmeans (10), sa= | ine delay peang linPbOoVi-tlgs out put
data to said i nterpol 8tT] Fans and—to—s ' a4 a second
i nput t her eof hid Line address cpbunter (8) recéefves a NSB
from the output . of thg IJ ne delay nmeans angd controls by i{s output

t he read-out of thefirsF field nenory _

16—
24—

= * (64 - 50)
= 22%

32
]
40

-

48]

input line 1 ]
from field 64—
memory (12) —

* (64 - 36)
= 44%

2]
[+-]
AEEREERE

o6

output line 1

104

1127

=

120—

128 _

input line 1 Fig. 5
from field memory (1)
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signal processing circuit according to claimb5, wherggm ; d-adder
REPLACEMENT SHEFT

neans is a 7-bit adder and said T'irne del ay neans

i X

ItgwteLeb: tnfe?{oo: tallmnmglmﬁﬂmwgg?ggsl nput t he Tgst

the adder nepnks and

9 SEPF 1998nt] bt of

Its output to sait IS né addresst - counter neansj(g). 8. D gy tlal
signal processing circuit according to ornk’ of the clarnms I-5,
wherein said digital signal further conpri &es. a_segond

field menory (12), a second interpolation neans (13)

and a m xer

nmeans (14), wherein, said second field nenory is coupled to the
out put of the first

controlled by said zooming and up-conversion control weans (3;

11).

Digital signal processing circuit according to one of the
preceding claims, wherein said zooming and up-conversion
control means determines the first line data to be read out
from the first field memory in accordance with a received
active area signal in that only relevant line data is supplied

to the interpolation means.

Digital signal processing circuit according to one of the
preceding claims, wherein said interpolation means comprises at
least one line menory for outputting a one line-delayed version

of the current line data output from the first field memory.

Digital signal processing circuit according to one of the
preceding claims, wherein said zooming and up-conversion
control means comprises adder weans (9), line delay means (10)

and line address counter neans (8), wherein

said adder means receives said zoom factor as a first input and

provides output data to said line delay means (10).

said line delay means (10) provides output data to said

interpolation means and to said adder means as a second input
thereof, '

said line address counter (8} receives a MSB from the output
of the line delay means and controls by its output the read-out
of the first field memory.



field nenory, said second interpolation neans (13) receives as a
first input an out put of the second field nenmory (12), as a second
I nput the output of the first field nenory d i nput
arone-1line of the output of the fi %#*1&§ﬂﬂﬁﬁ.§HE€F nory
and generalﬂmﬂmngmwmmﬂllher the first and second Jor the fli st and
hird inputs, Fnterpoldted line data, g sai | x8Q SERM99E 14)
recelves the output data fromthe first and ft e second i ntefp@l ation
means (2', 13) and generates out put data baged on tne rtwo Tnpyts and

based on a notion signal supplied by a noti detection unit.

REPLACENMENT SHEET 9. Di gital signal processing circuit according
to claim8, wherein

7. Digital signal processing circuit according to claim S, wherein
said adder means is a 7-bit adder and said line delay means
provides the six lower bits of its output to the second input
of the adder means and to the interpolation means and provides

the most significant bit of its output to said line address
counter nmeans (8).

8. Digital signal processing circuit according to one of the
claims 1-5, wherein said digital signal further
comprises:

a second field memory (12), a second intexpolation means (13)

and a mixer means (14), wherein,

said second field memory is coupled to the ocutput of the first
field wemory, '

said second interpolation means (13.) receives as a first input
an output of the second field wmemory (12), as a second input
the output of the first field memory (1) and as a third input
a one-line-delayed version of the output of the first field
memory and generates, based on either the first and second or
the first and third inputs, interpolated line data,

said mixer means (14) receives the output data from the first
and the second interpolation means (2', 13) and generates
output data based on the two inputs and based on a motion

signal supplied by a motion detection unit.



said second interpolation neans is an FIR-filter and preferably a
2-tap FIR-filter. - 10. Digital signal processing cifc .

claim9, wherein ——saldFH R-filter conprises weighti
are controlled b Zoonlng and up-conversion|m
Di gi t al %mm é‘!ﬂ ‘ﬂ‘ rcuit according to claimfo} 19 SE\Nnmln shi d
FIR-filter exer neans (17, 18) of passing eit

first and setond or FII’St and third ih‘-but to the] FIRFTTTITET. T2.
Digital signal processing circuit according to one of {the cl ai

8- 11, wherein said zoom ng and up-conversion neans (11) controls the
wei ghting operation performed within the first I nterpol ati on neans.
and the wei ghting operation perforned by t he second interpolation
means and further CQﬂb&@ilss procesSifd Eﬁrﬂﬂt@c&oﬁ?&:@k&'&hﬁ%% Qﬁ%‘éﬁn
(17, 18) contained he second i-nterpol ati on means

Digital signal pr oc%ﬂn@@ﬂ@c@t@%@&% meAnsy is ran BIR*tfhbter aﬂd m‘eﬁemly

8-12, wherein the t e second i nterpol ation nmeans. is
provi ded by a |ine del a?é%sél\%%{lh is included in said first
I nt er pol ati on neans.

10. Digital signal processing circuit according to claim 9', wherein
said FIR-filter comprises weighting wmeans (16) which are
controlled by said zooming and up-conversion means (3; 11).

11. Digital signal processing circuit according to claim 10,
wherein said FIR-filter comprises multiplexer means (17, 18)
for passing either the first and second or first and third
“input to the FIR-filter.

12. Digital signal processing circuit according to one of the
claims 8-11, wherein said zooming and up-conversion means (11)
controls the weighting operation performed within the first
interpolation means and the weighting operation performed by
the second interpolation means and further controls the

switching of the multiplexer means (17, 18) contained
in the second interpolation means (13).

13. Digital signal processing circuit according to one of the
claims 8-12, wherein the third input to the second
interpolation means is provided by a line delay means which

is included in said first interpolation means.



