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ABSTRACT 

This repoi? describes a video signs1 processing \ystem for 
vitlco dixc players we developed on the basis of a new feed 
forward technique. 

The new system is composed of two LSI units: a signal 
processor lor the TRC (time base corrector) which constitutes 
Ihc basic block incorporating A/D and D/A converters; and an 
LSI including (lie FNR (field noise reducer). for additional 
funclion\ using a field memory. 

1 .  INTRODUCTION 

Video signal processing is one of the most important 
functions of ;i video disc player. A video signal is recorded as 
;I compoxite hignal on a video disc by the direct FM incthod; 
therefore, the video signal tends to suffer from color phase 
irresularity due to the high frequency jitter caused by disc 
ecccnrriciry . Furthermore. disc noise. i f  remaining i n  the 
video signal. is a problem for TV viewers. 
Thus. effective removal of jitter and noise from a video signal 

liax beeii ;I big challenge in developing a video signal 
processing sysrem. The other requirements of a video signal 
processing system are the reduction in the number of 
coinpoiientx and high extensibility. 

To meet rhcsc requirements, we have developcd a new video 

signal processing system . Using feed forward technique and 
digital technology, the system improves picture quality, and is 
highly extensible i n  that the basic block can be further 
developed to provide additional functions. 

The system features are as follows : 
1 .  

2.  

A basic block that utilizes only an LSI unit for digital 
TBC containing A/D and D/A converters: 
A new feed forward time base error corrector adaptable 
for still pictures and FNR; 

3. An FNR that shares memory with a field synchronizer 
and is capable of processing composite signals: and 
A linear-phase digital noise canceler with high 

waveform reproducibility. 
4. 

2 .  SYSTEM CONSTRUCTION 

Fig. I is a block diagram of the entire system we developed. 
The master clock frequency of the system is 4 times the color 
sub-carrier frequency 
signal is quantized into eight bits. The system can be realized 
by two LSI units. 

(4Fsc = 14.31818 MHz); the video 

2-1  Basic Block 
The basic block is realized by an LSI for digital TBC having 

A/D and D/A converters. An FM signal detected by the pickup 
is demodulated, and is input to the built-in eight-bit A/D 

the Basic Block 
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Fig1 The block diaaram of the entire svstem 
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converter. Alter dropout compensation. tlie inptir \igniil i 4  

written i n  the FIFO (first input lirst o~itpt i t)  memory. in  
response to a clock pulse genei-atcd by the built-in digital PLL 
(pliaje-locked~loop) circuit. The clock ptilse lol low\ the ,jitter 
of the input video signal. Tlie PLL circuit coiiipri\e\ pIi:i\e 
comparators. a loop lilter and ;I VCO (Voltage Conti-ollcd 
Oscillator). All tlie coinponents of tlic PLL ;IIC reali/ctl by 
digital circuitry except for the VCO filter. 

The phase comparators of the PLL circuit x e  of two t),pc\: 
a first phase comparator for detecting tlie tiiiie ha\e crror u\ing 
B horizontal synchronir.ation signal, and ;1 \ccoiid pliLi\e 

comparator for- detecting the time baae ci-r-or ti\rng ;I bur\! 
signal. For time base error detection. the \y\teiii u\c\ the 

burst phase comparator after stable rotation 01' tlic motor. The 
construction of the burst phase comparator is shown in Fig. 2 

sin H 

cos n 

Video 

Fig2 Burst phase comparator 

This coiiiparator samples a burst signal and ;I \ine irnd ;i 

cosine term< are q a r a t e d  from a burst \igii:iI. B a w l  on tlic 
r e s ~ i l t  of division between these terms. xi ;IK tangenl circuit 
cdculates the phase angle of tlie time ha\e ei-i-oi-. An H I C  

tangent circuit is composed 0 1 ' 3  ROM(Rcx1 O n l y  Mcmor! i.[ I ]  

Fig. 3 s h o w \  the circuit conjtrtiction of [lie tligilal VCO. 

:Ofiset i CiKf out < ........................... L 
low frequency VCO 

Fig 3 TheVCO 

Tlie low frequency VCO comprises ;in x ldc r  d ;in intcgratoi-. 
The multiplier coiiver[s tlie fi-equency 0 1 '  the ocitptit of tlic low 
fi-eqtiency VCO. and the {ystem clock (4 F\c ) i \  wparalcd 
from tlie multiplier output by an analog l i l tcr . 

H o ~ e v c i - .  when an input signal i \  written i i i  the I.IFO 
memory, the lag time i n  the fcetlhach \tern i.e\uIt\ i n  
in\ulficient gain of the loop at high lrcclticiicie\. tI iu\  liigli- 
frequency jitter caiiiiot he removed. 
In the iiew sy j tcm h e  dcvelopccl. tlici-el'oi-e. tlic reatliiig clock 

otitpnt lrom the digital VCO lor rciidiiig i \  p l i ~ r ~ c - m o t l u l ~ i t c ~ l  
sccording to thc residual jitter (so ;is to coii\ l i l t i lc ;I leecl 

lor\i;ti-d \y\tem). Thn\ thi\ method cnablc\ tlic 1 1 c ~  \! \tell1 to 
reiiio\~e the jitter contained in the rexi video \ign;iI high 
accurcicy. 

The \y\tem can eflcctively supprc\\ rc\itlu:il jitter at Iiigh 
I'requency by employing the velocity ci-roi- coiiipcii\Litioii 

method a\ well. I n  this method, jitter error in a I H period( I 
horizontal scanning period) is obtained through linear 
interpolation. 

Fig. 1 shows the jitter suppres\ion characteristic of the 
sy\ tc" ,  with treqtiency along the X a x i h  and jitter suppression 
level along the Y xiis.  (A)  is the characteristic will1 the PLL 
circuit alone: ( R )  is the characteristic 14 i r l i  the phase-modulated 
restii iig cloc h , 

Frequency [Hz] 
Fig4 the iitter suppression characteristic 

I n  [lie last \[age, the video signal read froin the FIFO is 

input to the noise cancelel- circuit. which reduces the disc noise 
and the iiiixed modulation noise of the FM audio signal in the 
video signal. The video signal is then otitptil from the built-in 
eight-bit D/A converter. 

2 - 2  Extension Block 
The extension block, which receives the eight-bit digital data 

otitptit froin tlie bait block. operates in response to a reading 
clock gcncratetl in the basic block. I t  provides IMO primary 
I ' t i i ~ t i ~ i i i ~ :  ;I tield synchronizer and 311 F N R ,  both of  which use 
:i \ame 2Rl-bit field " m y .  

Video signal input\ are sequentially stored in the field 
iiiemory . ancl are read from the menlor). based on the reference 
\igiial. Thti\. the extension block allows a special reproduction 
l t inction lor s t i l l  picture\ and stable searching of CLV (constant 
I iiiear L clocity i for-matted discs, 

Tlie extenhion block tihes three-port meinory. One of its 
OIII~LIII, i \  led back to the input hide through tlie extension 
block, cori\tiltiting ;in F N R  circuit. An FNR improves the 
picture qnality 01' video \igniilj passing through the circuit. 

The viclco signal output from the memor) i s  input to a rhree- 
l i i ic ;icliiptivc comb tiltcr. The three line adaptive comb filter 
\eparcitcs the inpiit video signal into the Luminmce ( Y  1 and 
cliroii~iiixicc (C) .;ignals. The luminance signal obtained after 
U/C separation i \  passed through a special noise canceler 
circuit. and is otitptit fi-om a D/A converter for the lumin3nce 
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\igii:iI alter elimination of minor noise. The chrominance 
sigii;iI i $  output from a D/A converter for the chrominance 
s i p a l .  

When tlie\e signals arc output fi-om the i-cyective D/A 
coli vcrtc I-\. t lie c I ock \ of the converters are phaw -mod ti late d. 

iii ;iccord;uice wj i th  the residual jitter. by the clock modulation 
circuit o f  the lxsic block. Accordingly. the jitter i.5 removed at 
high accuracy from the video signal. 

3 .  NEW TECHNOLOGY 

3 - 1  New Feed-Forward 
Time Base Error Corrector 

Conventional feed forward time base error correction lias 
the problem that D/A conversion must be conducted 
iminediately aftci- tlie detection of time base error. 

Spccificdly. i f  the field memory is located between the time 
ba\c error detection circuit and the D/A converter. the video 
dat:~. having p;is\ed throu@i the f ie ld memory .w i l l  not 
corre\poiid to the reaidual jitter information dctected before the 
l'icld " w r y .  Consequeiitly. the clock for the otitput video 
5igii;ils will lw modulated on the basis of inappropriate data. 
Thus tlic jitter reiiiaiii?. 

Also. i f  the field memory is located between these circuits 
;incl tlie II/A converter. a residual ,jitter detection circuit will be 
needed immediately before the D/A converter. resulting in 
tl up1 icatc ci rc ti i try. 

The IICM) system lias solved these problem\ by employing 
the new time base error correction method desct-ihed in the 
lo1 low i i y .  

According to this method. the lime base error information 
dctcctetl i n  tlic bahic block is supei-posed on the horizontal 
svnclironi/ation siznal of the video signal. ;IS shown in Fig. S .  

Fig5 Fig6 
New feed forward time base error corrector 

tlcre. tlic t l ~ t a  wpcrposed is detected a i d  inserted in the basic 
block . The lcvcl of tlie superposed en-or data correspond5 to 
tlic amoiint of tinie baw error . The width of the \tiperposition 
i \  about 3uwc based on the falliiy edge of the horimital 
s!,iiclironi/atioii \igii:il: t h i a  allows stable saiipling of the error 

data from the video signal output from the field memory. 

forward time base error corrector. 
Fig. 6 shows the circuit construction of the new feed 

After the video data is read from the memory, the superposed 
data is taken and is fed back in the form of serial data to the 
basic block. On tlie basis of tlie data thus fed back, linear 
interpolation is conducted for a IH period to calculate the 
velocity error. The clock generation circuit of the basic block 
phasc-modulates the clock according to the calculated velocity 
error. The horizontal synchronization signal component of the 
video signal is then returned to the original state after the data is 
taken. 

This technique permits proper velocity error correction, even 
with a synchronizer that continuously outputs video signals 
from the field memory. 

Furthermore, the system with the circuit construction 
described above can process not only video signals but also 
error information for field noise reduction (as described 
below). Consequently, the processed error infonnation 
corresponds to the processed video signal, thus pennitting both 
field noise reduction and feed forward time base error 
correction. 

In short, the new system does not restrict circuit 
construction, nor does i t  require any additional circuits before 
the D/A circuit, and it is compatible with various operation 
functions. 

3 - 2  Field Noise Reducer 

The new system consists of a feedback field noise reducer 

This FNR is characterized in that: 
(FNR), using the field memory of the synchronizer. 

( I )  it is capable o f  processing composite signals, 
(2) it is adaptable to the feed forward time base error 

(3) it shares memory with the synchronizer,and, 
(4) ii can operate even in special reproduction by frame. 

correction inethod , 

Due to these characteristics, the FNR provides efficient 
circuit construction, permitting substantial noise reduction in 
the video signals of video discs. 

Fig. 7 shows the circuit construction of the FNR. 
The FNR comprises ,a field memory, a burst phase detector, 

a chroma inverter, a filter, coefficient circuits. The circuit uses 
three-port memory, having 1 input-port and 2 output-ports.One 
of the two outputs is fed back for field noise reduction. 

If  a video signal feedback delay set at 262H or set at 263H, 
some noise would move tip or down in the picture. Therefore, 
thc FNR of the new system selects either 262H or 263H for the 

643 
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d c l q  il l  e;lch 

Chroma 
Inverter 

Fig7 The Field Noise Reducer 
Then. in order to  detect the iioii-c[~i.rcl~iti\~c poi-ticin. 

wbtraction i s  conducted between the inpnt vit lco \ignal\ and 
the feetlhiich video signal.; . 

However, it i\ necessai-y to ad.jiist the ph:w 01' the hur \ t  
\ignal b e h e  the detection of  corrclalion i t  the circuit pi-oc 

composite video signals. 
Therefore, the FNR compares the burst p h a x  heluccn the 

video jignal output from the inemory cind the inpiit v ideo \ignd 
before the detection o f  correlation, and i f  thc hurst phaws 01' 

the 5igiiaIs (lo not sgree. the cliroma~invertci- circuit i\ \electctl. 
That is. whcn the delay in ;I particular f i e ld  i\ ?6?H.  the 

video signal i s  pcissetl through the chroma-invei-lei- lor the field. 
This method woi-hs effectively fcor v ideo di\c p l q c r \  with 

which memory play i h  coiiiiiioii. Specilicall). in  lo\^ 
ireproduction or jog reproduction by l i -sme.  \iiicc tlic  bur\^ 

phase has been detected. the FNR cui he opcr~tcd \I i t h  110 

pi-obleiiis despite ,the tli\continuous field\ ol. the rcprodncecl 
video 5 i gnal 5. 

The cIiromLi-inverter circuit i s  ;I lilter iOi- invci-ling the pli;i\c 

of the cai-ricr chroniinance signal ranFe ~loi ie .  
The ti-~in\fer It inetion i \  expres\cd by the cqiiatioii: 

(1 +Z -4) 
H(z) = - 

4 

This circuit provides tlie ch;tr;tcreristic shou 11 i i i  Fig. 8 .  

Fig8 
Normalized Frequency 

The chroma inverter 

in n l i i c l i  0.35 correspond\ to the color sub-carrier freqtiency 
bccatise the x,i\ lor freqtiency i s  norinaliLed. 

Houevc r .  there are I N O  problems to be solved: the 
tlctcriorcrtion o l  vertical resolution and the after image. 

The deterioration of the vertical resolution occtirs when the 
dcrcctetl non-correlative portion contains a vertical signal 
componenr as well a h  noise.  

To prevent tleterioration of the vertical signal component. 
lilter i\ u\ed for tlie non-comelative signal. This filter. a higti- 
p i \ \  filter. lo\vers the gain for the luminance signal in the IOW 
lrcqucncy range. preventing the deterioration of vertical 
r e w  l u t  i o n .  

The \ign;il output from the higli-pas\ filter i.; input to the 

leetlbach coel'ficient circuit of the FNR. The feedback 
coelticieiit i\ adaptive, changing the gain according to the input 
lcvd. I t  i \  \ct IO provide a sinaller oiitput for an input of  larger 
~iniplitudc. t hus  ininimiziiig the after image. The feedback 
coel t ic ient  i\ rcalixd by a ROM table. And the output of  the 
coellicicnt circuit ih \ubtracted from the input video signals. 

With the above-mentioned con5trtiction. the FNR i b  capable 
01' procc\sing video \iyials as composite signals. permitting 
el lcct ive reduction of iioi\e in both luminance and chrominance 
signals.  

In  addition. the FNR c;tn also process the time base error 
\tiperposed on the video signal. A feedbach coefficient circuit 
dill'erent from the oiic Itor the video signal i s  switched for the 
~uperpo\etl t ime ba\e erl-or, :I\ shown in Fig. 7 .  This i s  

hecau \e o I tlie d i Ifcrence i n non-cori-e lati \,e in for mat ion 
bctnecn the v ideo  signal ;und the time hase error. The optirntiin 

lccdhsch ctx.l l icicnt lor rhe time ba\e error was obtained 
e \pcriiiiental I! . 

Due to tlic I'ecdbach coefficient excl t is i \e for the t ime base 
c 1-1-o I ,  I hc Iced f(ir w r d  t i iiic ba\e correct ion l i i  nct i on w o rhs 
cl.t>cti\,elj e\cn \I hen the FNR operare\. s o  that the PR.1 n o k  
level i\ inipi-ovcd. 
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iniproved 
inorc by tlic ked  torward time base error corrector. 

siibsimti:tlly by the F N R .  and is improved even 

(1) PLL 

(2) PLL+FNR 

(3) PLL + FNR &FF TBC 
Fig9 lmorovement of PM noise level 

3 - 3  Digital Noise Canceler 
I n  addition to tlie F N R  described above. the new system 

contain\ ;I digital noise canceler circuit to ininiiiii/.e noise in 
video aignals. 

Fig. IO \liows the construction of the circuit. 
l h c :  circiiil comprises two different filter\. limilers and 

adtlcrs. 

Adder1 Adder2 

Video 
output 

Figl 0 The diaital noise canceler 
In the circuit, the video signal component taken by the filters 

is input to tlie limiter . and the output of the limiter is subtracted 
from the original video signal. The limiter i s  realized by a 
ROM. 

This digital noise canceler circuit reduces not only the disc 
noise but also the mixed modulation noise of video signal and 
FM audio signal, in the video signal. 

Duc to the linear phase, this circuit provides high waveform 
reproducibility without the ringing and signal distortion which 
occur in conventional analog circuits, as shown in Fig. I 1. 

(A) is the wavefhrin through the conventional analog noise 
canceler, (B) is the waveform through the digital noise 
canceler. 

(B) 
Figl 1 the waveform reproducibilitv 
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I n  addition. because of the LSI construction ol  the CII-CLII~. tlie 
number  of components wed outside the LSI ha\ lxcn 
decreased substantially. 

I n  the extension block, the digital noise c;iiicc'Icr cii-cult lor 
tlie luminance signal output is provided after the Y/C 
separalion circuit. This construction helps remove the 
remaining noise of the chrominance signal firom the Itiiiiin~tiice 

signal. thus improving the SIN of the compoxite \ignal 
obtained by adding tlie luminance and chrominance 5ignals. 

3 - 4  Three-Line Adaptive Comb Filter 

The exleni;ion block uses two 1 H iiiciiiorics to con\titutc LI 

three-line adaptive comb filter. This filter. dejpite i t \  \iii:tlI 

number of components, is superior in separating Iuiiiiiixicc and 
chrorninance signiils. An selectable band-pa\\ lilter !'or- the 

chrominance signal permits optininin color-bleeding ;ind 
visibility. 

3 - 5  Built-in AID and DIA Converters 
The new systeni i5  of two-chip IS1 conslruclioii: coriipi)xcd 

entirely of integrated circuits. I t  use\ C M O S  cii-ctiit\. with 
A/D and D/A converters mounted on one ch ip .  The baxic 
block containi; A/D and D/A converter\. while tlic c\tcn\ion 
block contains two D/A converters 101- Iuniiii;incc and 
chrominance signals respectively. 

The A/D converter is of thc eight-hit type .U i t l i  the 

iiiaxiiiitiiii conver\ion rate of 20 MSF'S, and i \  ION 111 po\\ci- 

disipation.The D/A converter5 arc of flit cigh-hi[ pc. \~itIi ;I 

iiiaxiiiitiin conversion rate of 35 MSPS. 

4 .  CONCLUSIONS 

We have dc\/elopccl ~ m t l  actuiilly i -cdi /cd the \ ideo \ignsl 
processing system described above. which provitlc\ tlic 

following advsntages: 
1 . One-chip digital TBC 

A one-chip digital TBC 1,SI coiiiainiiig .A/V ;md II/A 
converter\ has been r-calized for the fir\( Irnic ii i  the noi-ld.  

2 .  Feed forward time base en-or con-cction i \  atlaptable l o r  
;in FNR operation 

The system permits feed forward t ime ha\c crrui- 
con-cction adaptable lor an FNR operation. thu\  achieving 
btib\tan[ial improvcnient i n  thc PM noise IcvcI o f  
chrominance si y i d s ,  

The FNK improves the SIN of Iu i i i i i imx \ignal\ ;iiid llic 

AM noise level and PM noiw level 01' cI1roiiiiii;incc \igiial\. 

1. Improved SIN of Iuiiiinxice and chi-oiiiiii;iiicc \iyi:il\. 

4 ,  Adj tistment-free system 
Since the entire sy\tem is digitalized, it  always provides 

stable performance under various environmental conditions. 
n i t h  no need for adjustment. 

5 .  Reduction i n  the number of components 

llie system h a s  fewer components. 
Beciiiiw of the LSI construction of the proce\\ing circuits. 

T~L I \ ,  using digital technology. w'e have realized a highly 
exten\ible. high-perforniance video signal processing system 
iliiit subsiantially improves the picture quality of video disc 
players. 
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