"WHI TE- BALANCI NG CIRCU T The present invention relates to a white-bal ancing

circuit for autematically adjusting white balance - for exanple, in a video

camera. 5 There has been devel oped an automati c white-balancing circuit for

a video canera for processing anal ogue signals, and such a circui agﬁg o

put to practical uses. However, even though the adjustnent of whiTe bal ance

in a video canera is desirable for a video canera processing digital

signals, an 10 automati c white-balancing circuit for a digital processing

vi deo canera has not been devel oped so fag. there having been difficulties

encountered in processi ng phot ographed video signals to digital -signals.

Preferred enbodi ments of theywHITERBANANCING GIRCIA'PVer cone the 15

abovwescrl bed difficulties an 0 provide an automafrc digital white-

bal arg¥ng circuit for a video canmera for processing digital signals, in

whi ch White bal ance can autonmatical ly be adj usted so as to enable the

manuf acture of a t’Hmlplgesqn@macmzem welates éfan@rwhltzebalancmg cArawit dfarg t o

t he present |nvent| ere g#ged a;} automatlc di g,(qt

whi t e- bal ancia¥P reav callw adiustng vy balatie, *Rof CxamBle, ing Pieledusanemar at ed

digital s gnals;. means for receiving and carrying out an

eval uati 6n of col our-d| fference signals. generated fromsaid

col our - separ at ed Ofjr HasShethodsv ah YRtANRGE Wihlw-bé!hnéir@r@ﬁ‘cmﬁ'fér a -2

- nmeans for adjusting the gain of | east some of said col Our-separated
video camera for processing analogue signals, and such a circuit has been put

_ to practical uses. However, even though the adjustment of white balance in
a video camera is desirable for a video camera processing digital signals, an
10  automatic white-balancing circuit for a digital processing video camera has not
been developed so far, there having been difficulties encountered in processing

photogréphed video signals to digital signals.

Preferred embodiments of the present invention aim to overcome the

15  above described difficulties and to provide an automatic digital white-
balancing circuit for a video camera for processing digital signals, in which

white balance can automatically be adjusted so as to enable the manufacture

of a totally digitalized video camera.

20 According to the present invention, there is provided an automatic

digital white-balancing circuit comprising:
means for receiving colour-separated digital signals;
25 means for receiving and carrying out an evaluation of colour-difference

signals generated from said colour-separated digital signals and a luminance

digital signal; and



€

digital signals in response to said evaluation, to obtain a desired wite

bal ance. 5 The circuit may further conprise: multipliers for
mul ti plying col our-separated digital signals based on rnultiplying _
coefficients; 10 a colour-difference matrix for- matrixing the

outputs of said nultipliers to output R-Y and B-Y col our-difference

signal s; an encoder for encoding a Y signal and said output R Y and B-Y
colour-difference signals fromsaid colour-difference matrix; 15 sanpling
means for sanpling said Y signal and said-R-Y and B-Y col our-difference
signals fromsaid colour-difference matrix at a sanpling frequency fSPL; 20
i ntegrating menvhyedisdos aHjUsu'n'QttﬁG "gih B8 at Nehstl3bme TR ColdurBepatdled

sanpl i ng neans and storing said data into respective addresses ;
correspondi digitad signalsr in desparisento sawipavalugtionans éltairdac ddsig V\hbitdﬂ
integrated data is included in a 25 white bal ance adjusting region; and a
m cr oconput balapge. r ecej vi ng deci sion signals from said conpari ng neans for o
designating addresses in said integrating nenory neans and to -3-
receive said integrated col our-difference signals for applying nultiplying

coefficikents to gajadeipdilif h@é{'_ﬁfr&e%rko%;qfsre.to adj ust the V\,h_l te bal ance. The

circuit may further conp

multipliers for multiplying colour-separated digital signals based on

multiplying coefficients; - _ S S

10 ~a colour-difference matrix for matrixing the outputs of said.multipliers-_ -

~ to output R-Y and B-Y colour-difference signals;

an encoder for encoding a Y signal and said output R-Y and B-Y

colour-difference signals from said colour-difference matrix;

15 _
sampling means for sampling said Y signal and said R-Y and B-Y
colour-difference signals from said colour-difference matrix at a sampling
frequency fSPL; o
20 mtegratmg memory means for mtegratmg the data sampled from said

samphng means and storing said data into respective addresses corresponding

to picture division;

comparing means for deciding whether integrated data is included in a

25  white balance adjusting region; and

a microcomputer for receiving decision signals from said comparing

means for designating addresses in said integrating memory means and to



5*B-Y', generating neans and R-Y' generating neans for m xing and anplifying
the colour-separated digital RB signals and said Y signal to generate B-Y'
and R-Y' signals and apply themto said conparing neans; and 10 :
switching neans for being driven by the output decision signals fromsaid
conparing neans to apply said sanpled data fromsaid sanpling nmeans to said
I ntegrating nenory neans. The circuit may further conprise: 15 | atching
means for integrating and tenporarily storing said sanpled data fromsaid
sanpl i ng means; nenory groups for storing ﬁqjd sanpl ed data into-

pi ct'ure-divided 20 menori es by control ITfg the driving of said |atching

means according tQ the output fro ' onpar i and registers for
stori n;g;t he a ’Fgg@egalgf légg?t%rﬁéﬁéﬁgf?ﬁgﬁ%na%gggﬁ EPX‘HE ﬁ‘é’g e‘aé‘-f% to
apply ®el d nul td ' S ol g ' b Gl iRk, through an
i nternal bus t%degg?%ﬂrg}suﬁ?%hrg{r]gm@ﬁée 'g,@@%:l?’ ﬁgstftﬁrbt hﬁe)i?e({:sgrrprl se: -4 -
I ntegrators for integrating said sanpled output data from said sanpling
means; nenories for storing the integrated data of said integrators 5

correspondi ng to n Theicircortsmay fartheccomprisand conparing and integrating
means for geadi ng out the stored data of said

B-Y’ generating means and R-Y’ generating means for mixing and
amplifying the colour-separated digital R,B signals and said Y signal to

generate B-Y’ and R-Y’ signals and apply them to said comparing means; and

10 switching means for being driven by the output decision signals from
said comparing means to apply said sampled data from said sampling means

to said integrating memory means.

The circuit may further comprise:
15
latching means for integrating and temporarily storing said sampled

data from said sampling means;

memory groups for storing said sampled data into picture-divided
20  memories by controlling the driving of said latching means according to the

output from said comparing means; and
registers for storing the addresses of said memory groups and
evaluating the read data to- apply said multiplying coefficients from said

25  microcomputer through an internal bus to said multipliers.

The circuit may further comprise:



menories at addresses supplied fromsaid m croconputer and carrying out
integration and conparison of said read data to apply the data to said 10
m croconputer. In another aspect an automatic digital white-bal ancing
circuit according to the present invention conprises sanpling neans for
sanpling Y signals and R Y, B-Y colour-difference signals froma
colour-difference matrix after 15 recei pt of separated R GB signals,

i ntegrating nmenory nmeans for integrating data sanpled by the sanpling neans
and summ ng -up and storing the data corresponding to pictures conparing
means for decidi ng whether the integréﬁéd I nput data fromthe integrating

menory neans is.included in a white bal ance,adjusting.regi on, and.white
bal ance adj ust i i€ ﬁqﬁ%;nt%ratmgéegﬁﬂ ' eﬂé’bljf%lfs[éir?tgrré’ﬁ'glsg’ﬁfm M&hesy
conpari ng ghs by .a M COM (m croconputer) for conparing the data reas Put
from an address of the integrating nmenory nmeans and providing nultiplying
coefficients to nultipliers. 25 The invention extends also to a ...
vi deo canera provided with an automatic digital white-balancing circuit
accordi ng to anmemiotinge forestoing thpentegrated hdatanwodnsaih. integraborsror ‘a
bett er_under st andi hg of the invention, and to show how t he sane may- be -
carri el i rEITeSPOREING I piNisions ol 2 WS AMede, by way of exanple, to the
acconpanyi ng di agrammatic drawi ngs. in which: 5 Figure 1 is a graph
showi ng a colour-tenmperature track and a white detecting region in a -

preferred embodismhphriRg ahd $niBERARIY mEAHSSRF rédting out the stored data of said
memories at addresses supplied from said microcomputer and carrying out : \J
integration and comparison of said read data to apply the data to said

10  microcomputer.

In another aépect, an automatic digital white-balancing circuit according -
to the present invention comprises sampling means for sampling Y Signals and
R-Y, B-Y colour-differenée signals from a colour-difference matrix after

15  receipt of separated R,G.B signals, integrating memory means for integrating. *
. data sampled by the sampling means and summing up and storing the data

corresponding to pictures. comparing means for deciding whether the

integrated input data from the integrating memory means is included in a W)

white balance adjusting region, and white balance adjusting -means for |
20  receiving decision signals from the cotnparing means by a- MICOM -

(microcomputer) for comparing the data read out from an address of the

integrating memory means and providing multiplying coefficients to

multipliers.

25 The invention extends also to a video camera provided with an
automatic digital white-balancing circuit according to any of the preceding

aspects of the invention.

x

4



Figure 2 is a graph showing the detection of |uminance signals for

obt ai ning the det.ecting region of Figure 1; 10 Figure 3 illustrates one
exanpl e of an automatic digital white-balancing circuit according to the
present invention; Figure 4 illustrates a preferred enbodi nent of an
automatic digital 15 white-balancing circuit according to the present

I nvention; Figure 5 illustrates another enbodi nent of a circuit according
to the present invention; and 20 Figure 6 illustrates still another

enbodi ment of a circuit accordlng to the pyesent invention. In the figures,
li ke reference nunerals denote |like or corresponding parts. 25 Figure 2

illustrates the det éBEttélfuﬁdérkkﬁh& Meshwﬁionatana tarsﬁea,tﬁwm@@axln%ve'

for obg%ining the etecting region a own I n the graph

col ourwdenper aﬁazy be tcatdiEd into Sffenyr ﬁafbrenEb@vml newite madé) byl W}Boﬁ eRmnhphss
multipliers 1 , 3 for multiplying colour-separated R, G B digital
signals. 30 tothe apcompphyiegsdiagraminatiendrawingg, imwhidh:our - separated R G
B digital signals by respective multiplying coefficients output froma
MCOM 9. The circuit of Figure 3 also conprised a col our-difference matrix

4 for comgi ni g angsGReq Al Mg \EAl i S IGHRHRRrhhRE ik JH ' Rhiee"

1, 2, 3 t0 output
detecting region in a preferred embodiment of the present invention;

Figure 2 is a graph showing the detection of luminance signals for
obtaining the detecting region of Figure 1;
10
Figure 3 illustrates one example of an automatic digital white-balancing

circuit according to the present invention;

Figure 4 illustrates a preferred embodiment of an automatic  digital

15  white-balancing circuit according to the present invention;

Figure 5 illustrates another embodiment of a circuit according to the

present invention; and

20 Figure 6. illustrates still another embodiment of a circuit according to -

the present invention.

In the figures, like reference numerals denote like or corresponding
 pans.
25 _
: Figure 2 illustrates the detection of a luminance Y signal at a
predetermined level for obtaining the detecting region as shown in the graph |
of colour-temperature track, in Figure 1. The circuit of Figure 3 comprises
multipliers 1, 2, 3 for multiplying colour-separated R, G, B digital signals.
30
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5 B-Y col our-difference signals. An encoder 5 encodes the Y signals and

the RY, B-Y colour-difference signals fromthe colour-difference matrix 4 -

to output the Y signals and colour signals C. A sanpling part 6 sanples the
Y signals and the R Y, B-Y colour-difference signals fromthe '
colour-difference matrix 4 at a suitable sanpling frequency fSPL, and an

I ntegrating nenory 10 part 7 integrates and conputes output data fromthe
sanpling part 6 to store - the output data into respective addresses of the
menory corresponding to picture divisigns. A comparing part 8 decides .

s

whet her the integrated data of the integrating nenory part 7 is included in .

a white bal\ﬁilﬁﬁliéfﬁ Esatn?@ nﬁyﬂﬁky@ﬂtb@&ﬂoﬁr—% Med R '8 ﬁglf ﬁgngﬁ%ﬂnat ing
an address wthin the 15 ~integrating nenory part 7 according t

of a deci _sfespeeﬁwmulﬁpmg koeffivigits iongpurfidémea MICONS uhiThe dirduine e
adjusting nultiplying coefficients to the nultipliers:1, 3 according to the
out put of Rignrand asor comprisedom edleur-diféerence matmxnér forpeembiningoan o

to theyiput

Figure 4 shows an odipent. simlap to the circuit igure 3 and further
oo o1 nosanirating S Sigaals 4TS TOMLHLE BBNETdnhad 19 GUERI RN | o

Jonrl 51 noBEY ol SARtee R0 sEnils. AW Eichdef SPfoAKE ghe ¥ Shall Sd 0,
the R-Y'  oROoer BingoRiiridirand 5i?ﬁal§“.f¥bnﬂﬁféeéélbhﬁ-glifféféncéﬂmﬁﬁiﬂﬂciddgg .il.n"

whet her the 25 R-Y' and B-Y' colour-difference signals are inclu

the white Oatpande Yesignals andcdcaiosmsigailsr@. pasamplingopartSpdamples tie Yhe
integrating nmenory part 7 data sanpled in the sanpling part 6 and being
dri ven acceignalsgnddhe YsiBnY solgneidifference signalsfaomrilie soloursdiffegence -
matrix 4 at a suitable sampling frequency fSPL, and.an._integratihg ‘memory.
10  part 7 integrates and computes output data from the sampling part 6 to store'.-.;;:_
the output data into respective addresses of the memofy" COfreéponding- to-
picture divisions. A comparing part 8 decides whether the 'integrated data of
the integrating memory part 7 is included in a white balance adjusting region,
and a MICOM 9 programmed for designa{ing ‘an address w1thm the
15  integrating memory part 7 according to the input of a deéision'sigtial- from the =
comparing ﬁan 8 applies white balance adjusting'multiplying coefficients to |

the multipliers 1, 3 according to the output of R-Y and B-Y data from the

integrating memory part 7. : R S

20 Figure 4 shows an embodiment similar to the circuit of Figure 3 and = |
further comprising an R-Y’ generating part 12 and a B-Y’ gencfati’ng part 11
for generating R-Y’ signéls and B-Y’ signals respectively after .mixing and
amplifying Y;;signals' and the separated R, B cblourédiffe_rence signais from the
R-Y’ generating part 12 and the B-Y” generating part 11 to decide whether the

25 R-Y’ and B-Y’ colour-difference signals are included in the white balance
region, and a switching part 10 for applying to the integrating memory part
7 data sampled in the sampling part 6 and being driven according to decision

signals of the comparing part 8.
30



£ 7- The circuit- of the enbodi nent of Figure 5 conprises a conparing part 8
for deciding whether the Y signals and the sanpled R Y, B-Y colour-
difference signals of the sanpling part 6 are included in the white bal ance
adj usting region, latching parts 16, 17 driven according to decision
signals of 5 the conparing part 8 for integrating and passing only data

I ncl uded in the white bal ance adj-usting region, nenories 18, 19 for storing
the passed data fromthe latching parts 16. 17 into a nenory corresponding
to the picture division, and a MCOM 9 fory applying the white bal ance
adjgstlnghnultipléing coefficients to multiplier registers 13, 15, after
readi ng the store

addresg t o be conpgﬁ%JEthtéﬂﬁﬁﬁgn%P e?g??g&gngagh ?%%E%Pe re |ster
for muetiplieg for e@di nr% Qhethet ' iYarignafs hhé thersampled RWY], iBr Yricolowr-5,
wherein the circuit conprises |ntegrators 21, 22, 23 for inteqgratin the
respecti ve datifferends sigabe oR-the samplingEpart & greaincledadoine dhe whitesb £i ng

part 6, nmenories 24, 25, 26 for stori dat t.put f 1
i ntegrators 2adjustingregion; latshingnasts {g ﬁqgﬂwggﬁﬁ?%l}d g tp é&dn}f“lf?l“e“g%ﬁ of

conpari ng_and |nte ratin 27.for

gi ;/i ded détfi 3 &W&&%ﬁ’&@@o%ﬁ%ﬁéw 8§§a@%8336?§%?’%h§%:‘ he, e
ata is incluggg,.l e 184S I eddian
out the dat a SuiecEfc iusfing 38080 iétgoriad 18 1 K e O P Ssclaauiang
desi gnated by fidne tM: Padéhthg bﬂrt& h&, dramtogs membeyr ecxrespunding taGhe rpictmees
an i nternal bus. Exanpl es of operation of the_ abagve- descrl bed

exanpl es. of adi\nhg andlaVI IGOMA fbeapplymg:ihagvbm balanee adjusting mpltiplying

prasegnt invention wll now he descr,ibed
coefficients to multiplier registers lé, l{o after reagmg the stored data in the

)

10  memories 18, 19 into the designated address to be compared and computed. -

There is also a multiplier register 14 for multiplier 2.

Figure 6 is a variant of the circuit shown in Figure 5, wherein the

circuit comprises integrators 21, 22, 23 for integrating the respective data of

15 theR-Y, Y and B-Y signals sampled in the sampling part 6, memories 24, 25, |
26 for storing the data output from the integrators 21, 22, 23 corresponding

to N divisions of a picture, and a comparing and integrating part 27 for

summing up and transferring the divided data to the MICOM 9 by comparing

the data and deciding whether the data is included in the white balance
20  adjusting region after reading out the data stored in the memories 24, 25, 26 '

according to addresses designated by the MICOM 9.
In the drawings, reference number 20 indicates an internal bus.

25. Examples of operation of the above-described examples of automatic
digital white-balancing circuits according to the present invention will now be

described in more detail.



-8- The graph of Figure 1 shows the colour-tenperature track and.the white *
detecting region as a conparison of the RY and B-Y col our-di-fference .
signals. Unlike the human eye, a camera cannot discrimnate colours and
therefore, a white level is divided by the colour-difference signals. 5 As
shown in the graphical illustration of Figure 1, it is assuned that the
y-axis represents an R-Y colour-difference |evel and the x-axis a B-Y

colour- difference level. The white bal ance | evel is varied dependi ng on

the standard (to be called "illumnatign” below) for illumnating an

obj ect, and the 10 I1lum nation heads towards red as tenperature drops

and blue as te ' r L A andard
of pure uni te 11 0e grérh, oF urc & WiRs the colouraeRRbdfite stk b (BET"coch
other, | .owmt@&teémﬁg)%glbu a8 al ddHPArIn GMth@R-3t BndVB-. Solblif-dpFsRRde . "
quadrant, and high colour tenperature illum nation exists within the fourth
quadr ant . signals. dimlake ¢the hnmaneeym sz camerz canfidtudisesinsinate! eolpurs hadsun and
a hal ogen | anp :are used for illum nating one object, the colour o

t enper at ur &kerefareaa whise leveltis dividedkdy thg colewpdifferergeysignalsor der to nake
the regpective illumnations white, the colour tenperature is set tao the
"0" state. Further, 20 when the respective colour tenperature points are
connect ed 10 oney A tHellableA iy #RGA BF Rk 12 His aSsded bt The” 2
e n | c ent .

curve i s obtain s c¢onnhection, In orderfto dele an ex

covering t?%ﬁb@ﬂ;ﬁeﬁ@it@ﬁh R-apéeloardiffefeneé Hevel fand theRo&xig a B-Ytoldig- R Y
col our-di frerence signals 25 Is arbitrarily decided on the y-axis, .and if

a range b, differenceiievel.y Thel white balaince lewot és vanjedhdepanding ou the standard | y o
dect ded on o "be* called illumination” Delow) foP illuminating an object, and the A

10 illumination heads towards red as temperature drops and blue as temperature

rises. Further, if it is assumed that the standard. of pu're white liés- at the zero
point where the y and x-axes intersect each other, low éolo_ur temperature
- illumination exists within the second quadrant, -and high colour temperature
illumination exists within the fourth quadrant; |
15
For example, in the case where a fluorescent lamp, the sun and a
halogen lamp are used for illuminating one object, the colour tembethres lie
at the points- K1, K2, K3, respectively. In order to make the respective U
illuminationé-white, the colour te‘mperéture is set to the "Q" state. Further, | |
20  when the respective colour temperature points are connected to one another,

the colour temperature track in the form of a curve is obtained.

In this connection, in order to select-an extent covering the above
colour temperature track. if a range a.-a of the R-Y colour-difference signals
25  is arbitrarily decided on the y-axis, and if a'-range_ b.-b of the B-Y colour-
~ difference signals is also arbitrarily decided on the x-axis, the white detecting
region is obtained as shown by a shaded area. The.absolute value of the R-Y
_ colour-differénce signals must be smaller than or equal to that of an arbitrarily

set constant (|R-Y| < a....(A): where a is a positive integer), and the



aregi‘o_n I s obtained as shown by a shaded area. The -absolute value of the RY.
col our-di fference signals nust be smaller than or equal to that of an

arbitrarily set constant (I RY J[err] a... (A where a is a positive

i nteger), and the -9- absolute value of the B-Y col our-difference
signals nust be smaller than or equal to that of an arbitrarily set
constant [err] b. .. (B): where b is a positive integer). 5

Therefore, if it is assunmed that the sumof the two positive integers a and
bis c, then the equation [err].... (C) _lys to be satisfied, in which the

sum of the absol ute value of the R Y col our-difference si gnal s and that of

the B-Y col Ouabs%lﬁﬁ%e&aque%ﬁhe B cBlsur-diffefsiie! §%bzll§4ﬁuﬁrb§§ﬁﬁllef that or

arbltrquly set value c ositive I nteger. , for S|gnas

sati stwi.ng t heqialreatdhae o(f/b)n aftrasibg sé@onsmtmr(]tﬂqy I i Wi (B ehese tois ow,
| uni nance signals Y nust satisfy the follow ng conditions in order to sense
t he white di spositiveyintefier)lshown in Figure 2, the signal has to be within the
range between the uppernost and | ower nost | evel s 15 (Y GATE MN [err] Y
[err] Y GATE MAX... (D)). Further, the maxi mumlevel (Y GATE MAX) nust be

P2 o1 9%, D0 100 RELGEL 04 SuTpbBHEIne Auligs U WBLLIN0e bR
) SR g g 1 BT 1 e i, 1
level . (0% irEwWhich kiss sbm of GRTEDbSde Vadue bf tHo BRUYVEbIGEr-diffefdnce .signals
_ and that of the B-Y colour-difference signals must be smaller than or equal to
~ an arbitrarily set value c, a positive integer.
10 |
Meanwhile, for signals satisfying the formulae (A), (B) and (C), when
the illuminance is too low, luminance signals Y must satisfy the following
conditions in order to sense the white distinctly. As shown in Figure 2, the
signal has to be within the range between the uppermost and lowermost levels
15 (YGATEMIN < Y < Y GATE MAX...(D)). Further, the maximum level
(Y GATE MAX) must be set larger than 100 percent white and equal to or
~ smaller than the set level of an internal white clip of the camera (100% white
< Y GATE MAX < Y WHITE CLIP...(E)). Meanwhile, the minimum
level (Y GATE MIN) of the luminance signals ranges between 0 percent level
20 and 100 percent level. (0% LEVEL = Y GATE MIN < 100%

WHITE...(F)).

Now, examples of operation of the above described examples of the
present invention will be described based on the assumption that formulae (A)
25  to (F) are programmed in the MICOM 9 and set as reference data in the

comparing part 8.

The R, G, B signals which are picked up by the video camera and

separated into digital signals are applied to the multipliers 1, 2, 3 to be



Now, exanpl es of operation of the above described exanples of the present
invention will be described based on the assunption that fornmulag (A 25

to (F) are programmed in the M COM 9 and set as reference data in the
conparing part 8. The R, G B signals which are picked up by the video
canera and separated into digital signals are applied to the multipliers 1,
2, 3 to be - 10 - multiplied according to the rmultiplying coefficients
and applied to the colour- difference matrix 4. In the enbodi ment of Figure
3, the multiplier 2 to which the Gsigngs 5 are applied has a fixed

mul tiplying coefficient. The nmultipliers 1, 3 to which the R B signals are

appl i ed haV:ﬁul’tﬂﬂie@bé&oth'tB'tﬁé ﬂﬁllﬁ?@fiﬁg éd)éf'ﬁb?erﬂé:ﬁﬁd:ﬂpﬁﬁed o tHeecslahr
applied to the MCOM 9. Therefore, the Wwhite bal ance can be adjusted Hyy
varyi ng t hediffier¢ngel miatrix doef fici ents of the multipliers 1, 3.°10 = . "o
Meanwhi |l e, the outputs fromthe multipliers 1, 2, 3 are applied to the. .
colour-difference matrix 4, and the colour-difference matrix 4 outputs the:

Fecei ves the v Sfiemiiieas o Hishse bt anuifilier adp whichghe ESighatse
S gnal S5 SG 85 R IRk SR PhIENY e ERRLICR ATHRRYIHIfers 15 3TRSAIGPUL R Y

and B-Y colour erence signa m t he col our erenté matrix 4 and

the input |HeIRABCEgRAIS AR ﬁp?liéﬁ Rave Phrighle tRultiplying GdcfRsicRt dccordipghe read
requency fSPL and subjected to integration in

by the appropriate Sanpling _ [
order to sumthp ddte applipd ¢d tHatMICOM). (Fherefore, the white balance can be -

adjusted by varying the multiplying coefficients of the multipliers:1, 3.

10 - Meanwhile, the outputs from the multipliers 1, 2,3 are a.'pplie_d"to the
colour-difference matrix _4, and the colomlr—diffefén_cie matrix--A-_:o'ut_put's.the R-Y
and B-Y colour-difference signals to the encoder 5. The encoder 5 receives
the Y signals to encode and output the final Y signals and C signals, soasto
express particular colours as they are.

5 : L | : : :

- The output R-Y and B-Y colour-difference _signals.--_~ from the colour- |
~ difference matrix 4 and the input luminance signals Y are applied to the
| 'sampling part 6 to be read by the appropriate sampling frequency fSPL and
subjected to integration in order to sum up the sampled data. Then,”théy'-:ére

20 stored into the relevant address of the ‘memory and transmitted to the -

comparing part 8 at the same time.

~ Meanwhile, the comparing part 8 receives the output data 'froxﬁ' the
integrating memory part 7 to decide whether the divided: data is included
25 Within the l_u_mi_nahce signal reference levels and the detecting regions of -
.Figures 1 and 2 according to the formulae (A) - (F). The decision signals are
applied to the MICOM 9 to designate an address within the integrating
memory part 7 by a MICOM rule applied thereon, so that the integrating

-



20. .stored into the relevant address of the nenory and transmtted to the
conparing part 8 at the sane tinme. Meanwhile, the conparing part 8 receives
the output data fromthe integrating nenory part 7 to deci de whether the
divided data is included 25 wthin the |um nance signal reference |evels
and the detecting regions of Figures 1 and 2 according to the formul ae (A)
- (F). The decision signals are applied to the MCOM9 to designate an
address within the integrating nmenory part 7 by a MCOMrul e applied
thereon, so that the integrating  nenojy -part 7 applies the integrated
data of the RY and B-Y colour- difference signals to the M COM 9. '
Accordingly, niéiﬂoi(’? ?ﬂd 9 apphiey ebe tinegeated udatl- of ithé RVt BMYa dolours t h

t he ﬁ i ntegrate ata fromthe integrating menory part 7. In order to
achi & t he differenpalisignals tch;tMIC@Ng9out puts the nultiplying coefficients
tothe multipliers 1, 3 to satisfy the formulae I RY = ... (G and [err]
=0...(H. 10 In the circuit operating-as described above, the R

G S 713, A TS e e
are 200150,y 8 BOF SfBeriie BB i S g AR 701 et 10

integrating gelievy thewhité badarde, thd MIGOM demtputs the hmltipm@grtbeﬁioa@hts esses
of the nmenory corresponding to the division of the picture. The conparing
part 8 deci dtethehmuligpliensd ,i3ntoesatiafie theafoamulad deYbasd).LAG)ranﬂuMnrﬁFthe
regi ons of Fbgl;éfs 1 and 2, and respective decision signals are applied to
thf'/MCC]\/IQ. v com 9 desi gnates the _

10 In the circuit operating as described above, the R, G, B signals are
applied through the multipliers 1, 2, 3 to the colour-difference matrix 4, and
the R-Y and B-Y colour-difference signals are applied to the encoder 5.
Then, the signals are sampled by the sampling part 6 at the appropriate
sampling frequency fSPL and integrated by the integrating memory part 7 to
15  be recorded into the respective addresses of the memory corresponding to the
division of the picture. The comparing part 8 decides whether the integrated
and divided data is included in the regions of Figures 1 and 2, and respective
decision signals are applied to the MICOM 9. The MICOM 9 designates the
proper addresses so that the integrated R-Y and B-Y data can be applied and
20  also the multiplying coefficients of the multipliers 1, 3 can be adjusted to
satisfy the formulae R-Y = 0 and B-Y = 0. By repeating these dperations,
automatic adjustment of the white balance is achieved to process the digital

signals in the video camera.

25 In the embodiment of Figure 4 the comparing part 8 is arranged
differently. In Figure 3 the comparing part 8 operates in such a manner that

. the white balance is adjusted by the multipliers 1, 2, 3, the output R-Y and '
B-Y colour-difference signals from the colour-difference matrix 4 are sampled

in the sampling part 6, and the integrated and divided output data from the



proper addresses so that the integrated R Y and B-Y data can be applied and
20 also the nmultiplying coefficients of the nultipliers 1, 3 can be
adjusted to satisfy the fornulae RRY = 0 and B-Y = 0. By repeating these
operations, autonatic adjustnent of the white balance is achieved to
process the digital signals in the video canera. 25 In the o
enbodi ment of Figure 4 the conparing part 8 is arranged differently. In
Figure 3 the conparing part 8 operates in such a manner that the white

bal ance is adjusted by the multipliers_}p 2, 3, the output RY and B-Y
colour-difference signals fromthe col our-difference matrix 4 are sanpled

'n the samlipg rﬁﬂ{%nﬁeméﬁpg%{i%'a% Solabell e Shfialin baie'8 A8 hEOT . Ne

- 12 - |ntegrag| ng are

the other haygier B&ﬁd)fﬂbd’wdﬁ% Bigied, thleeRRB B.g&iawwawnﬁkedrwmc{hwvfhw
Y signal and arrpllfled b e generating part 11 and the RY' -

generating pxgnal hﬁdbmﬂpilﬁed)bynbe BelY3 \generatiangapart] IérandtﬂfecRengengaungJ ected-
to the white bal ance_ adj ust nents. Thus th E h’ ghals and the B-Y
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sanpling fre are selectively applied to the integrat

menory part ﬁh 10 fyecohwoled iwhen tthey rpeniny theoregionsrafi Figures t heand Qt,ur e
di vi si on. e M COM 9 designates the addresses - in the integrating nmenory

part 7 and satisflyingsthenforimdasy(A) edFR-so thad tie R-¥aand BOYC@lput’d’ffwmr €, \J

I T
and eval uat §1gn segampﬂeg in the samphng part 6 accordmg to the samplmg frequency

*

i'-l

10  fSPL are selectively applied to the integrating memory part 7, to be stored :
into the memory corresponding to the picture division. ~The MICOM 9
designates the addresses in the integrating memory part 7 and ‘receives the.
integrated R-Y and B-Y dita to compute, .c0mpafe,'_ and evaluate. Then, the'
MICOM 9 outputs the multiplying coefficients of the multipliers 1, 3 to

15  satisfy formulae (G) and (H) for completing the adjustmént- of ‘the ‘white

balance.

In Figure 3, -tihe sig.rials are input after the white balance adjustment U
according to the compare-decided signals of the comparing part 8. In Figure
20 4,the R-Y’ and B-Y’ signals are applied tge‘fdre the white balance adju'stmen{ L
so that the white deteéting-region of the colour 'te'xﬁpefatufe track remains
equal regardless of th_e value of the multiplying coefficient frbm the MICOM:
9 and the comparing signal level is kept constant without variation.

Consequently, the comparison can be carried out stably.

Referring to Figure 5, the output Y signal and the R-Y and B-Y colour-
difference signals from the colour-difference matrix 4 from the sampling of
the coloﬁr—difference signals to the inputting into the MICOM 9 are applied
to both the encoder 5 and the sampling part 6 to be sampled at the apprOpr'iaté
30



MCOM 9 outputs the nultiplying coefficients of the nultipliers 1, 3 to 15
satisfy formulae .(G and (H) for conpleting the adjustnent of the white

bal ance. In Figure 3, the signals are input after the white bal ance

adj ust mrent according to the conpare-decided signals of the conparing part
8. In Figure 20 4, the RY'-and B-Y' signals are applied before the white
bal ance adjustnent so that the white detecting region of the col our
tenperature track remai ns equal regardless of the value of the multiplying
coefficient fromthe MCOM9 and the conpgning signal level is kept
constant without variation. Consequently, the conparison can be carried out

stably. 25 Ref ' Wotnlg , T laOfaa) B-Y
col ou?/_ di ffersgﬁ{geﬁ%i grﬁg{l:%@rﬁn}?f'hgh?o’gﬁfg { HF *se?ence pgtgfl})?( Ef‘oi&? ;r%t?rf?ﬁe

sanpl i wg of t hatchirgopartslilbf d7esmkapplistbtostheccdmparinp phaiti&ig i nto the M COM 9
are applied to both the encoder 5 and the sanpling part 6 to be sanpled at
the appropriate 30 - 13 - sanpling frequency fSPL. Then, the signals are

nggzg ;””n?g' Dart °r8_ed#t2ér8f<{;2§z 715 unduBat e forinataa ) 1 OPhareceatishpd By thy o e
conpar i ng par cagpled MRS fOTF Sbe. KBk HLt 45 R BnpaTnB e § ackivites,
the integrat e‘-ihé‘i’étéhiing PR R 17iPbé Dite SRARY xn&méﬁtegé&tggg g@g&@ﬂ%ng

to the division of the picture. Here, tWo nenory groups
required, oneth®mdmorygtaupsniB, 19 corresponding to the division of the picture.

N Here, two memory groups 18. 19 are required, one for R-Y data and
10  another one for B-Y data and each of the memory groups 18,19 has a number

n of picture-divided storing locations.

The data stored in the memory groups 18, 19 are read by the address
stored by the MICOM 9 and applied to the MICOM 9. The MICOM 9
15  carries out comparisons, evaluations and computations on the data to output
the multiplying coefficients for satisfying the formulac (G) and (H). The
multiplying coefficients from the MICOM 9 are applied through the internal
bus 20 to multiplying coefficient registers 13, 15 of the multipliers 1 and 3 for
adjusting the white balance.
20
Here, the addresses in the memory groups 18,19 are designated by the
- programs stored in the MICOM 9. For example, the upper portion of a
picture often contains usually the sky or some background scene, and
therefore, the address is designated based on a certain rule that a certain
25  amount is shielded in order to prevént errors on the white balance. Further,
the picture might be divided and a certain weightéd value is assigned, or the

"fuzzy rule” might be applied. -



10 anot her one for B-Y data and each of the nenory groups. 18,19 has a.
nunmber n of picture-divided storing |ocations. The data stored i.n the
menory groups 18, 19 are read by the address stored by the M.COM 9 and
applied to the MCOM 9. The MCOM 9 15 carries out conparisons..
eval uati ons and conputations on the data to output the nultiplying
coefficients for satisfying the formulae (G and (H). The nultiplying
coefficients fromthe MCOM 9 are applied through the internal bus 20 to
mul tiplying coefficient registers 13.- 1%.of the nultipliers 1 and 3 for -
adjusting the white bal ance. 20 Here, the addresses in the nenory- groups
18,19 are desi gMéanvikife, Figups 60t aimFaltsraatve bmbblimédt@GR Portfsr of XREP!.€,
the upper portion of a picture often contains usually the sky or some. y
backgr oundcyceibef Fagmretﬁmoemspend_mdoahhdpesm frooethegamplingoefthd RoY am} '

142" b ol b R bt MRS, P s
L WEIES Y SOOI, e LS A R
R Y ang b FoUiicy TSPLY" afd PQRCIsHpIl i S intehaled® B! the SREBRHERe T R0y
and B-Y sinegratars@1s22pR8dolhe dpplicdaom piomrealividéd meerndries24)25s26pl'i ng 5

frequency fSPL, and the sanpled data is integrated by the respective
integrators 21, 22, 23 to be applied to n picture-divided nmenories 24, 25,

26. _
S

' The data stored in the memories 24, 25, 26 is read in accordance with.
the rule-applied address designation by the MICOM 9. The data is épplied
10 to the comparing and integrating part 27, and_thé. R-Y and B-Y data included:
in the regibns of Figures | and 2 and satisfying the formulae (A) - (F) are
integrated and applied to the MICOM 9.

Then, the MICOM 9 carries out comparisons, evaluations, and
15  computations on the output R-Y and B-Y data from the. comparing. and
integrating part 27 to output the. multiplying coefficients to satisfy the

' formuiae (G) and (H) through the internal bus 20, for adjusting the white | ;

balance.

20 Thus, the illustrated examplés of automatic white-balanciﬁg circuits
embodying the present invention comprise sampling means to receive the
'separat_éd R, G, B signals for sampling the Y signals and the R-Y and B-Y
colour-difference signals of the colour-differerice matrix at the proper |
sampling frequency, integrating memory means for integrating the data

25  sampled by the sampling means and summing up- and storing the data

| corresponding to the picture. comparing means fbr deciding whether the
integrated data of the integrating memory means i_s.iné_lhded in the white
balance adjusting regions, and means receiving the output data from the

comparing means for designating the address in the integrating memory means

30



The data stored in the nmenories 24,25, 26 is read in accordance with the
rul e-appl i ed address designation by the MCOM 9. The data is applied 10 to
the conparing and integrating part 27, and the R-Y and B-Y data included in
the regions of Figures 1 and 2 and satisfying the fornmulae (A) - (F) are
integrated and applied to the M COM 9. Then, the MCOM 9 carries out
conpari sons, evaluations, and 15 conputations on the output R Y and B-Y
data fromthe conparing and integrating part 27 to output the multiplying
coefficients to satisfy the formulae (G- afd (H) through the internal bus
20, for adjusting the white bal ance. 20 Thus, the illustrated
exanpl es of abycheMNMICOM taadbsiraying put tntegriting adoeshipigng ba the ¢pegtated

_inventgon conprise sanpling neans to receive the separated R G B'signals
for sAwpling data te aitpnba multipl ying ceefficient t8-the guiltplienjithérebyreaeryngraaits of
the colour-difference mat rtjx at the proper sanpling frequency, integrating
menory neans fher adjuseaeniioftherwbitg balangs.  sanpl ed by the sanpling means
and summing up and storing the data corresponding to the picture. comnparing
means for deciding whether the integrated data of the integrating nenory
means i s kncluded i h [ i i hAGSe ARG .
receivi ngst he out pﬁu ’a?'a&?’rsﬁ%ﬁ%ﬁ%‘g%ﬁgkr}"qu%éssggﬁa?és. gné{ﬁgs‘{lﬁgo
address in theamstedoRiprocessiigodigit®agigndls. Therefore, the whiteMbalahtea ot a
carrying out integrating and conputing on the int eg_r ated data to output a
mul ti plyi ng cdigitalcvideo tcamdra cam tbegplawomaticallybadjnated;i thereby enabling

completely digitalizing of a video camera.
'\/.



»

t he adjustnent of the white bal ance. 5 Thus, there is provided an y

automatic white-balancing circuit for a video Ca'l’l‘ET‘a“f“m‘—‘p'I“OC'eSS-I—ﬁg d| gltal *

signals. Therefore, the white bal ance of a digital video canera:

automatical |y adjusted, thereby enabling conpl et Hm mﬂnumuﬁl,of a vi deo
caner a. - 16 - CLAIMS 1. An autonatic digi ng circuit
conprising: 5 nmeans for receiving col our-separ at &d -di g| tal
signals; means for receiving and carrying out an eval uati on of
colour-difference signals generated fromsaid col our-separated digi tal _
signals and a | uninance digital signal; and 10 neans for adjusting the gain . -
of at Ieast% sai.d col our-separated digital signals in response to .

sai d eval ua obtain a desired white bal ance. 15 2. “An aut ormgtic
digital white-balancing circuit as claimed in Gaim- 1; further conprizgdhg:.
"nultipliers for multiplyi ng col our-separated digital signals.based on -

mul tiplyi nglcoef fArcaatmmtlad@tabwlnwba:laxﬂdmge:mmtrmmpmsmg: matrixing the
outputs of said nultipliers to output RY and B-Y col our-difference '
signals; an encoder for encoding a Y signal and said output RY and B-Y

5 means for receiving colour-separated digital signals;

means for receiving and carrying out an evaluation of colour-difference

signals generated from said colour-separated digital signals and a luminance

- o

digital signal; and S
means for adjusting the gain of at least some: of said colouf—écparate&' '

digital signals in response to said evaluation, to obtain a desired white

balance. -

15 2. An automatic digital white-balancing circuit as claimed in Claim 1,

further comprising:

multipliers for multiplying colour-separated digital signals based '(__)n o W,

multiplying coefficients:
20
a colour-difference matrix for matrixing the outputs of said multlphers

to output R-Y and B-Y colour-difference sngnals

an encoder for encoding a Y signal and said output R-Y and B-Y

25  colour-difference signals from said colour-difference matrix;

sampling means for sampling said Y signal and said R-Y and B-Y
colour-dlfference sngnals from said colour-difference matrix at a sampling
frequency fSPL

30



25  colour-difference signals fromsaid col our-difw
sanpling nmeans for sanpling said Y signal and said RY and B-

col our-difference signals fromsaid col our-difference ' sanpl i ng
frequency fSPL; 30 - 17 - integrating nenory rreansmm'””'ymﬂﬂlug t he
data sanpl ed fromsaid sanpling neans and storing sai d*data s ctive
addresses corresponding to picture division; 5 conpari ng neans for
deci di ng whet her integrated data is included in a white bal ance adjusting
region; and a mcroconputer for receiving]gecision signals from said
conparing neans for designating addresses i'n said integrating nenory neans
and to 10  recei Y%ﬁéﬁtrﬂtihgtxﬁélﬁéheméaﬂb FoF integfatingnhe dutd samplddfroarBhid NY
mul tiptying coefficients to saidnmultipliers Tn order to adjust the white
bal ante~ 3. saAmplingomeansand gioralg said tetabaterespective addressescortespondinign
claim1, further conprising: 15 B-Y' generating neans and R-Y' generating
means for i xitAgiewe shyisiangi ng t he col our-separated digital R B signals
and said Y signal to generate B-Y' and R-Y' signals and apply themto said
conparing nmeans; and 20 swi tching nmeans for being driven by the

VP B and v Startas el for 6B I ORER Bupaaed UGS HHABA th a
means to sai d vk BaRincd djistingyregion; and . -

a microcomputer for receiving decision signals from said comparing
means for designating addresses in said integrating memory means and to
10  receive said integrated colour-difference signals for applying multiplying

coefficients to said multipliers in order to adjust the white balance.

3. An automatic digital white-balancing circuit és claimed in claim 1,
further comprising:
15
B-Y’ generating means and R-Y’ generating means for mixing and
amplifying the colour-separated diéital R,B signals and said Y signal to

generate B-Y’ and R-Y’ signals and apply them to said comparing means; and

- 20 switching means for being driven by the output decision signals from -
said comparing means based upon the input R-Y’, B-Y’ and Y’ signals to
apply said sampled data from said'sampling means to said integrating memory

means.

25 4. An automatic digital white-balancing circuit as claimed in claim 1,

further comprising:

latching means for integrating and temborarily storing said sampled
data from said sampling means;
30



means. 25 4. An automatic digital white-balanci ircuit as clained in *
claim1, further conprising: |atching neans for intngUrarily *
storing said sanpled data from said sanpling neans; 3 11 R e cTaco] Y
groups for storing said sanpled data into picture-di m”ﬂ’mmﬂmﬁ{
controlling the driving of said | atching neans accordi*ngc¢t ot from
sai d conparing neans based upon the sanpled data values R Y, B-Y and 'Y; and
5 registers for storing the addresses of said nmenory groups and eval uati ng

the read data to apply said nultiplyinggoefficients fromsaid
m croconputer through an internal bus to said nultipliers. 10 5. An

automatic di gi t ajneyitiryegPRIAN A GtoRingC Yhid sadmpled HRA itoChRtuPeddivided her
conprising: integratofs for integrating said sanpled output data fronm.said
sanpl i ng nememorics by conireHingothesdrovinggoft $aed ilatckipgameansiatcordingstu the *»*
integrators corresponding to n divisions of a picture; ‘and conparing and

i nt egr at i ngEUtPHhErom saidomparing means bgsast wpon theasampledidatp Salueﬁ%ﬁ(ﬁ,i' es at
addr esses Sﬂ_pftlaln%dyf rag(r_p said m croconputer and carrying out '

5 |
registers for storing the addresses of said memory groups and
evaluating the read data to apply said multiplying coefficients from said

microcomputer through an internal bus to said multipliers.

10 S. An automatic digital white-balancing circuit as claimed in claim 4,

further Compri-sing:

integrators for infegrating said sémpled output data from said sa‘mpling
means; ' -
15
memories for storing the in_teg‘réted‘ data of said integrators

corresponding to n divisions of a picture; and

comparing and integrating means for reading out the stored data of said
20  memories at addresses supplied from said_micmcomputer and carrying out
integration and comparison of said read data to apply the data to said

microcomputer.
6. An automatic digital white-balancing circuit substantially as

25  hereinbefore described with reference to Figure 3, 4, 5 or 6 of the

accompanying drawings.



rnteg,ratlon and conparison of said read data to apply the data to said

M croconputer. 6. An automatic digital white-balanci ng—el—Peuﬁ———/‘ |
substantially as 25 her ei nbef ore described with reference to lﬂ ‘“\

5 or 6 of the acconpanying draw ngs. - 19 - 7. An agﬂmmm&
whi t e-bal ancing circuit substantially as- hereinbefore de D

reference to Figures 1 and 2, together with Figure 3, 4, of 6" of the
acconpanyi ng drawi ngs. 5 8. A video canera provided vvlth an automatic
digital white-balancing circuit according ¥-any of the preceding clains.

7. An automatic digital white-balancing circuit substantially as

‘L,‘ " hereinbefore described with reference to Figures 1 and 2, together with Figure

-

3, 4, 5 or 6 of the accompanying drawings.

5 8. A video camera provided with an automatic digital white-balancing

circuit according to any of the preceding claims.




