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- 1 - DESCRI PTI ON SI GNAL PROCESSI NG DEVI CE AND S| GNAL
PROCESSI NG METHOD 5 Technical Field The present
invention relates to a signal processing device and a
signal processing nethod that nainly set a gain for
for exanple, a video signal, and the like. 10
Background Art In the field of equipnent including an
i mage di splay apparatus that requires video signa
processing, the video signal processing is generally
executed by digital signal‘lé processing due to _ i
wi despread use of chips and devices called DSP
(digital signal processor). Fig. 6 shows an
arrangenment of an i nmageDHBERIBHIOMppar at us havi ng a

- LCD-(liquid crystal display) as a display device as

an exanpl e of equi pnent for executing video signal 20

processi ng by t rovided therewith. A DSP 1
Bhown i the 1 SEPET SRCOs5ENg BEV b AR anple,  one

chip or one devicgrapd, & %&%EE%NESﬁﬁﬁ@ﬂfy si gna
Vi

processing to an input digita €0 signal by a
signal processing unit 11 forned in the chip or the
devi ce. The 25 signal processing executed here is
Teichhi@hl SFggiad  processi ng.

The present invention relates to a signal processing
device and a signal processing method that mainly set a gain

for, for example, a video signal, and the like.

Background Art

In the field of equipment including an image display
apparatus that requires video signal processing, the video
signal processing is generally executed by digital signal
processing due to widespread use of chips and devices called
DSP (digital signal processor).

Fig. 6 shows an arrangement of an image display
apparatus having a LCD (ligquid crystal display} as a display
device as an example of equipment for executing video signal
processing by the DSP provided therewith.

A DSP 1 shown in the figure is composed of, for example,
one chip or one device and executes necessary signal

processing to an input digital video signal by a signal

processing unit 11 formed in the chip or the device. The

signal processing executed here is digital signal processing.
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2 The DSP 1 outputs the digital video signal, which
is subjected to the signal processing by the signa
processing unit 11, to the outside froma termnal Ti
after it is <converted into an anal og video signal by
a DA converter 12. 5 In this case, the termnal T1 of
the DSP 1 is connected to a termnal T4 of an LCD
drive circuit 2 conposed of one device |ikew se, for
exanple, the DSP 1, thereby the analog video signa
output fromthe terminal Ti of The DSP 1 is input to
the LCD drive circuit 2 through the termnal T4. 10
iFe LCD:grive circuit 2 creates a drive signal for
PvPRp RrPHEyts the dightay bedaad ségnshe whatbgis/i deo
§Lg$gété@ ut thereto ?nd outputs the drive signal from
a term na © PRIPAT SPEASES S 41k e thengf 9ol jrrocessing

ﬁﬂﬂ@efiﬁqx;Q.eao% coyoak of d.he LED ? as, a display
devi ce,” and ghe g g?lveréﬁj%aeﬁmﬁnf pl ?gF?ﬁéiLéﬁ 3
toove e tierdd Bal ad8 og ISR 13ndRi ¥ SaaDPAXéﬂnﬁ%?tlr 12.
in response to the drive signal” I nput thereto. th
t hi s Topehati oage t hehd ERrAindiSphays ek idPOe acCebAhOGed
to the video signal. Incidentally, it is assumed that
the | trigd nals Bl agf 20 dparative afranfed? asodtwWd bi, one
%$r.ex31 le, Fig. 6 nust be nodified so that a novel
A E&ﬁﬂﬁsﬁro@%%é?ﬁﬂmﬂﬁncﬁhénDSBahrb@h@MﬁBdthe analog
JihgretQ, I? S fhéé%icogéé lated to remake the DSP 1
S opa TR R R TodiF) G R IMEBReVEF OF cRROg 11 1o
KRS 3 ¢RS8! LENCIL AR JQYRLIRMENL, EOSt, & Ut actyrlng
The LCD drive circuit 2 creates a drive signal for
driving an LCD 3 for display based on the analog video
signal input thereto and.outputs the drive signal from a
terminal T5.  In this case, the terminal T5 is connected to
a terminal T6 of the LCD 3 as a display device, and the
drive signal is input to the LCD 3 from the terminal T6.
The LCD 3 drives a pixel cell in response to the drive
signal input thereto. With this operation, the LCD 3
displays an image according to the video signal.
Incidentally, it is assumed that the image display
apparatus arranged as shown in, for example, Fig. 6 must be
modified so that a novel video signal processing function
can be added thereto. It is first contemplated to remake
the DSP 1 to cope with the modification. However, remaking

it takes a cost such as development cost, a manufacturing

cost, and the like. Accordingly, when the modification is
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25 cost, and the like. Accordingly, when the

nodi fication is - 3 not executed on a |arge scal e,
there is a disadvantage in that an effect such as an
appeal to users and the like obtained by the

nodi ficati on does not worth the cost increased by
remaking the DSP 1. 5 In this case, there is enpl oyed
a method of nounting an external circuit (chip,
device) that corresponds to the novel video signa
processi ng function. Further3 When the external
circuit is conposed of an analog circuit for
executing anal og video signal processing, a
ngicsayeantedecrl @ dargesscalehatharei tcwi Hisedeansage in
| ncreased _and di spersion and the |ike of a-signa
thatefrat EfSFs FUdcPEagddaPnal, Lo tusqns gndf thablike o

ran the external circuit so as to execute digita

OB GRS Y et g Ar gL L SPRRR e MREGE NS prest

: ' 1 ed is an external circuit
l?gﬁ?%sé%§$fgﬁ%ﬁ§§93ng%%n?%ﬁ gkecute the digital signa

Pr ocRSSiMiG 2%s8eSEhtRes  NrldiQydatt LB N0 N E ng an
that, in Fig. 7, the same portions as those in Fig. 6
eatermenotiart iy t(bRipan@evaier enca HoFREsbSnds &yl Hihe
expl anation thereof is omtted. 20 In the inage
neyebl shdemp gaoaedspstoswsing thmdtigor e, Fartigirggnathen the

rocessi ng block 4 as an external digital signa

e% i e dist CoBpred fvidge)aniad opnedr posedor

bet ween_ a SP 1.and an L drive gircuit 3.
execg%ang anggog v1geo s{bné})procesging, a disadvantage

arises in that a circuit size is increased and dispersion

- and the like of a signal level are also increased. Thus, it

" 1s preferable to arrange the external circuit so as to

execute digital signal processing.

Fig. 7 shows an image display apparatus on which
mounted is an external circuit (chip, device) arranged to
execute the digital signal processing as described in the

latter method. Note that, in Fig. 7, the same portions as

those in Fig. 6 are denoted by the same reference numerals,

and the explanation thereof is omitted.

In the image display apparatus shown in the figure, a
signal processing block 4 as an external digital signal
processing circuit (chip, device) is interposed between a
DSP 1 and an LCD drive circuit 3.

Since a terminal T2 of the signal processing block 4 is

connected to a terminal Tl of the DSP 1, an analog video
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Since a termnal T2 of the signal processing block 4
is 25 connected to a termnal Ti of the DSP 1, an
analog video - 4 signal is input to the termnal T2
after it is subjected to signal processing by the DSP
1. As an internal arrangenent of the signal processing
bl ock 4, first, the anal og video signal input through
the 5 terminal T2 as described above is converted
into a digital video signal hy an A/D converter 21 so
that it can be subjected to“digital signal processing
‘internally. Then, video signal processing
corresponding to a specific function is executed by

H9@adi §F t HPPQY gifalthsr 6esminag BXerited iy ia $0bsegred to
rgg;ss&gg unj t gg. hen t?e di gital video signal,

%%% &n Ps ?ﬁﬁ%ﬂﬁ y etHEPs'gnaI processi ng as

descxi . q verted into an _anal og vi deo

OForky NS 1B Lo -SROURIAShe R 310R0E R0l S0

plecans | GB i Vard Lediby ¢1ddy éi'}%lélo%gﬂft ﬁ%’%ﬁg} the

termnal T3. The termnal T3 is connéecte

teemihabl TT 4 ofdddee ibED dbbve d Iddfivierded 1hes eDyaidial
anal og video signal is input to the LCD drive circuit
videp et egnalo Rapanéd® thexantiare® IPatcethaAppt | €ad ian
Publ i cation No. 10-336547). Incidentally, the signa
sghereld f@ Figdkas sHonde Pregesrigs dhtetnallappalhens
[ i ncludes cells of the A/D converter

vHOLR T BeRCEBRYEH o PRaT R Py BBRE WG 7 tion
igné&gé&¥@d3%Q %BetH?gf%gﬂ(gigﬁaqe%r%%gggkngwgié%uted by a
signal processing unit 22, Then, the digital videc signal,
which is subjected to the signal processing as described
above, 1s converted into an analbg video signal by a D/A
converter 23 so that it can be input to an LCD drive circuit
2 and then output from a terminal T3. The terminal T3 is
connected to a terminal T4 of the LCD drive circuit 2,
thereby the analog video signal is ‘input to the LCD drive
circuit 2 (refer to Japanese Unexamined Patent Application
Publication No. 10-336547).

Incidentally, the signal processing block 4 in the
image display apparatus shown in Fig. 7 includes cells of
the A/D converter 21 and the D/A converter 23 so that it
cope with an input/output of the analog video signal while
executing the video signal processing therein by the digital

signal processing. Further, in the image display apparatus

shown in Fig. 7, a cell of a D/A converter 12 is also
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executing the video signal processing therein by the
digital signal processing. Further, in the inmge

di spl ay apparatus 25 shown in Fig. 7, a cell of a DA
converter 12 is also - 5 included in the DSP 1.
Accordingly, a systemof the inage display apparatus
shown in Fig. 7 has the cells of three sets of the
Al D converters and DA converters inits entirety. 5
As an actual matter, it is_knpown that the cells of the
A/ D converters and the DJA converters of these devices
have dispersion (error) in input/output signal |evels

(dat values in a . digital signal). D spersion of the
"é"éﬁi@% LPnERey 155 drv o PEEPEOARAL Y hee SY6 tBmACEoBber treas

PEEPSTaRE Yhe < ver
HEELY BRRECE 50 R i Kidher bi° rine Gane ot Cohes

AtD eenyretgrs anddhe énaoﬁﬁr&gﬁﬁer%%@%eg}ag‘it%o an

each other in series increases as own

egtioetyof an overall data value (signal |evel)

i ncreases. Wien the 15 error increases as descri bed

abovg&s zmn asrtivgilnaktdynanit is dogemncanaet the€ cells of the

effectively utilized because, for exanple, a data

BGRI GenYPEYRTS anshdbet B/Bvephventdmxodssheebydenpoty larve
| evel is.made tog small. What has been

' I
I5EBETTERY HoVE wif! LBRUEAPRERHe FIAER 1ovelel blerre
vggug%g?% éi?ﬁﬁ§ta§ngi o) St, Fig. 8A shows a case in
e dynra

whi ¢ m C range
Dispersion of the cells of the A/D converters and the

D/A converters is guaranteed so that‘it is within a
predetermined_range. However, when the number of thé cells
of the A/D converters and the D/A converters connected to
each other in series increases as shown in Fig. 7, an error
of an overall data value (signal level) increases. When the
error increases as described above, an original dynamic
range cannot be -effectively utilized because, for example, a
data value (;evel) tends to overflow (excessively input) or
a signal level is made too small.

What has been described above will.be explained with
reference to Figs. 8A, B, and C.

First, Fig. B8A shows a case in which the dynamic range
(maximum output level) of the D/A converter 12 in the DSP 1
is the same as the dynamic range (maximum input level) of
the A/D converter 21 of the signal processing block 4.

The data value of an input signal S1 ({output from a
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'(rraxi mum out put | evel) of the D/A converter 12 in the

DSP 1 is the sane as the dynam c range (naxinmum i nput
| evel) of the A/D converter 21 of the signal
processing block 4. 25 The data val ue of an input
signal Si (output froma 6 signal processing unit 11
in Fig. 7) of the D)A converter 12 is set to a |evel
Ldr that corresponds to the dynam c range DR of the
A/ D converter 21. Then, a si %a_l S2, which is
obt ai ned by converting the input signal S1 into an
anal og 5 signal by the D/A converter 12, has the | evel
range of the D/ A converter 12

r _hecause the dynanjc
el B3R 3185 HTE O e Hhep dondér Foe B cnseritsr 12
thisscage,i $.4,01S that an [deal namc
g ar?gg i's ge%ﬁ{rfg ﬁﬁvﬁ%{]%’l{fﬁ:ﬁeﬁﬁﬁp gj Eﬁa&%a L TPG9e
DRUGIEMUAR VA Bech$vdkair 89 i t thg,Wi Lh venf | owing. < Ln
contrast, Fig. 8B shorws a nggnf némﬁﬁrhaolt %’d%ﬁﬂé%ﬂclg
abdageefinayi ounvett iy drevahnpuefl stheaDl £9 converdiflankd og
inthe DSP 1 is larger than the dynam c range
sGEFRR L mam Fhpub/2 evalvertefr tlle ALD tbhaviestal 1Ak afedshee

Ei gnal processing block 4 as 15 a relation to the
taFsPEr_Tbh BN 1t .then DVRi sopueetesi beig HheDisame as

téggv%itg%e %/ggtﬁoé%v%%&le%;%?r dynam c range, the signal

S i I'S" 0 ““converting the input signal
S TSRSt BhopE o R RS it
dyhemic i fedde fd B¥Rred in which an input signal having a

maximum value is kept as it is without overflowing.

In contrast, Fig. 8B shows a case in which the dynamic
range (maximum output level) of the D/A converter 12 in the
PSP 1 is larger than the dynamic range (maximum input level)
of the A/D converter 21 of the signal processing block 4 as
a relation to the dispersion of error.

In this case, since the D/A converter 12 has the larger
dynamic range, the signal S2, which is obtained by
converting the input signal S1 having the level Ldr into the
analog signal, is output in a levelALa higher than the level
Ldr as shown in the figure.

In this case, even if the signal S2 is input to the A/D
converter 21, since the level of the signal 82 exceeds the
dynamic range of the A/D converter 21, the data value of a

signal output from the A/D converter 21 overflows.

‘Further, Fig. 8C shows a case in which the dynamic



In this case, even if the signal S2 is input to the
A/ID converter 21, since the level of the signal S2
exceeds the dynam c range of the A/D converter 21,
the data value of a signal output fromthe A/D
converter 21 overflows. 25 Further, Fig. 8C shows a
case in which the dynamc 7 range (nmaxi num out put

| evel ) of the D/A converter 12 in the DSP 1 is
smal l er than the dynam c ranpge (maxi muminput |evel)
of the A/D converter 21 of the signal processing
block 4 as a relation to the dispersion of error. In

range Uﬂgxﬁ%§§<n1én1elggglgﬂg¥ nv%@ﬁgéﬁ%ﬁ§gﬁﬁfaﬁgeggg IgrDSP

namoc rang t he " si

1 is SRAVELE i #ithn R IPYhis 98ake Sinhavhag fﬂﬁ%ﬂ Q%%%l#dﬁf
into the analog Signal, is output 1n a |evel

the Aghuatdrerettwan Alhefl enel sh.dﬁalTonSdag@fdg F2 has 4a asnral |
| evel in correspondence to a difference of |evels Ldr
relation ptey ke rdspegsird pPhectyndni c range of the D/ A
converter 12 regardless that the I evel of the signa
In32hiustabe, okiigiceakhy bdn. cthatricer thendg¥nankcshanoer
cannot be sufficiently secured. As described above,
dynam%%er@ﬂ%©erEhQnﬁkﬁhaérﬁ@n whiche isebbsabhed Hey Bidaverting
converters and the A/D converters appears in a state

the Inp S8 ﬁ&mhé‘f.laﬁgah?sl%% THprger thS 8B3LPY bed
51gna?bowgcnhﬂh§: H@%?l%@B%aié g%af heg%gqup ]Lg%l ILdr.
eterioratron of ari za osur'e of
ThbhglbﬂMQnBEoﬂas a small level in correspondence to a
difference of levels Ldr - Lb with respect to the dynamic range
of the D/A converter 12 regardless that the level of the signal
32 must be originally Ldr. That is, the dynamic range cannot be
sufficiently secured.
As described above, the dispersion of error of the
cells of the D/A converters and the A/D converters appears in a
state that the dynamic range is made improper as described

above, this state appears as a phenomenon, for example,

detericration of solarization.

Disclosure of the Invention

In accordance with a first aspect of the present
invention, there is provided a signal processing device,
comprising a first digital signal processing block and a second

digital signal



In accordance with a first aspect of the present
invention, there is provided a signal processing
device, conprising a first digital signal processing
bl ock and a second digital signal - 8 processing
bl ock, wherein: the first digital signal processing
bl ock conprises: first gain adjustnent neans to which
a digital signal subjected to predeterm ned digital
signal processing is input and fromwhich the digital
signal is output after & éarn according to a set gain
value is given to the digital signal; and first
digital to anal og conversi on neans for converting the
roce8s ghd a1 YN ahdl Byt Y g tal Lonana ;
P conJ%rsioﬁg nggns of F%% ?}%5? %H%%%%% %5%5%%Ih98C6551ng
blockprouessiwy Hiock taia dugutahensignals tdi ghtah signgltal
, rocessi ng nmeans for subjecting the digital signa
Slgnagu%lb‘%&eq&etﬂntt%@rgﬁalt@gmme@i ¢l ghtalconiverdi pmocaeansgt Ds
. redet erm ned. digital sjgnal. K processing; second gain .
lnputg%?%sﬁ%twwgnggfeogﬂﬁ'tgftWe FitRcusPyhapLbEE pat 9ain
g i | . pr [ a Ls_in )
e o The i o ear ST oRares 18 TRiMigh ey "Bthnar
and faecordliigigalota $6k1881 BonVéd #Bork Nt Fok-0cbhee 8t ORG! she

and to which gain-adjusting sensitivity |ower than
digitghatiwmfalt matbutsfrgmi phadiust rehttareand ogi sosetrs ana

second digital to anal og conversion neans for
means c%_ﬁ % iéjrgtstthéilaw?‘%a?l%‘i‘ﬁhaﬂ’r‘b’{ﬁ%ﬁi{ngf PeRFkhECs@ceheital
signaffldi AUUSLIRY WEBNS.L A0 ORS00 B0, e
digit®l Hnfr @eRSSNErBh0tKe éﬁgiog to digital conversion
means to predetermined digital signal processing; second gain
adjustment means to which the digital signal output from the
digital signal processing means is input, from which the
digital signal is output after a gain according to a set gain
value is given to the signal, and to which gain-adjusting
sensitivity lower than that of the first gain adjustment means
is set; and second digital to analog conversion means for
converting the digital signal output from the second gain
adjustment means to an analog signal and outputting the analog
signal from the second digital signal processing block, the
first digital to analog conversion means and the analog to
digital conversion means are set such that a relation, in which
the minimum value within a range of dispersion of errors of a
signal level in the analog to digital conversion means, and the

signal processing device further comprises: detection means for

detecting a level value




first digital to anal og conversion neans and the
analog to digital conversion neans are set such that
arelation, in which the mninmmvalue within a range
of dispersion of errors of a signal level in the
analog to digital conversion neans, and the signa
processi ng device further conprises: detection neans
for detecting a |level value 9 of the digital signa
out put fromthe second gain adjustnent neans; first
gain set neans for setting®-gain value to the first
gai n adj ust nent neans such that the |evel value
. detected by the detection neans reaches a maxi num
- WLt his e | ess. .t han a _prescribed val ue
of thi Milfi ol Piad® gEPRE FrafonlS ol B8%h it uifadte
means fTBxi fBiMgeaueeltNik A8 sf ERst s @idfla $agrak 2 1RE0EESEANY
block is input to the first gain adjustnment neans;
first agulis echndtgant setnaeanshfidiaisettd ngvalgabduv¥atigeedted
the second gain adjustnment neans such that the | evel
by thg fefedfdcdciegnspycpredet dvasgnmeadgei wiskint bhe range

i mum.val ue.,within the range equal to or |ess than
Less B B e PR Tal 06 F ' ReBrEC (N4F & SPORal URose
1evel|f%”¥réd%ehr§§tQdm§§iﬁuﬁr§§¥ﬂéﬂfﬂ:ﬁﬂé %ﬁ%%gyahg%?%gisiﬁhal

input to the first digital signal processing
procesfiey Hlkekgasnivphuetdstisetfinstd Rihl 6 uginBnteteans;

means. - 10 In accordance with a second aspect of the
and sep@EybiRinnvent means fherecisinpgr evicdéd madignab the

rocesskﬁglnethod of executing first di%ital si gnal

Seconq Grek GHG RGNS eBBATS dF YFh difadi g tevel value detected

by the detection means is set to a maximum value within the
range equal to or less than the prescribed value in a state
that a signal whose level is treated as a predetermined maximum
value is input to the first digital signal processing block

after the gain value is set by the first gain set means.




processing, where: the first digital signal processing
conprises: a first gain adjustnent procedure to which
a digital signal subjected to predeterm ned digital
signal processing is input and which gives a gain
according to a set gain value; and a first digital to
anal og conversion procedure for converting the
digital signal obtained by the first gain adjustnent
procedure to an anal og signal and using the anal og
signal as an output fromtkhe first digital signa
processing, the second digital signal processing
conprises: an analog to digital conversion procedure
for converting the anal og signal obtained by the
igi,tal to.anal og conversion procedure included in
in ac?ﬁgd%‘ﬁ?%twa%i%a ST & SO Qs RG PRESER i BPEAFLon,

thereSEgnﬁkévﬁdgagété&gﬁ%ﬁﬂByonE%q%ﬁgE%thﬁoggsg%gcagln

subjecting the digital signal tai ned e ana?og

firstt didigal abigrohversieds proeadusechadpaedet el Nk ngehal
digital signal processing; a second gain adjustnment
procegpapgduie¥e: wiiehf st digjitiedl sd¢iggral pobtesaedgby t he

digital signal processin procedure i s input and
Compr&ﬁgﬁh @ié%é@%i%é%91%qi%qﬁ%QﬁtgPFQPed§F§n5P WeEshding to
e S i I, adj. us nt .
g O s ) e i . SC Al era T orTy T odes
procebbaigt hatigut hend iSlcr0@iiReadhUSEIBNLE cBHPEEAY €5 ANght
a second - 11 digital to anal og conversion procedure
gain fatuepnved td Nl tdte didiigiatlaltoskgaabgobbairaedi by phecedure
irst gain adjustnent procedure to an anal og signa

f
for cgﬁge%E&QQHQQQKF%qﬁ;%%“ﬂyiyal obtained by the first gain

adjustment procedure to an analog signal and using the analocg
signal as an output from the first digital signal processing,
the second digital signal processing comprises: an analog to
digital conversion procedure for converting the analog signal
obtained by the digital to analog conversion procedure
included in the first digital signal processing into a digital
signal; a digital signal processing procedure for subjecting
the digital signal obtained by the analog to digital
conversion procedure to predetermined digital signal
processing; a second gain adjustment procedure to which the
digital signal ocbtained by the digital signal processing
procedure is input and which gives a gain to the digital
signal according to a set gain value, the second gain
adjustment procedure having gain-adjusting sensitivity lower

than that of the first gain adjustment procedure; and a second



signal fromthe second digital signal processing unit,
wherein the signal processing nethod further executes:
a set procedure for setting a relation such that the
m nimum value wthin a range of dispersion of errors
of a signal level in a device corresponding to the
first digital to anal og conversion procedure is equa
to or larger than the maxi numvalue within a range of
di spersion of errors of a-siignal level in a device
corresponding to the analog to digital conversion
procedure a detection procedure for detecting a

V. S naI Qbt ai ned fro he
dlglt%ﬁd@% galn ad”knﬁﬁ%ﬁ%{gﬁ%§éét LT Fordet gélﬁnéé?_
digit®I OSEGMEE S19Fa Seld ing tamgeﬁl&s\talglaemt Ady n%t&bﬁﬁt gain

adj ust ment procedure such that the Ievel val ue

procedetectedn bynd ey deifectll emd oateditrte nigs thet ahalag
maxi mum value within the range |ess than a prescribed
signayfg@mihe st tHaltal ﬁl@rﬁla'*ll \mﬁ@@ssew unstt r eat ed
ital

th t
whereff A Whdit ot g PR FubFRE e S B g ot
proce@ﬁ:@é?kfcﬁ_f el iy %a'r'%l\é%llk!ﬁ %ﬁcﬁeEh ¥ {:HS rﬁirﬁﬁﬁunga}aﬁu

set procedure. - 12 In exanple enbodinents, a diglt
withisignaingyr ageshispgrsiyst em esm@ssbfugt@ﬂgrball tiherdii rlsi a
digital signal processing block (first digital signa
deVlC%r%@%%ﬁR@dmﬁébtt@@ farsérdegital theasebond-aivitsdion
gital signal

nal proc bl.ock (second di
Pfoce%?%%elsss. S der 1acos ahapoah%r@%m% V1 A e
a ranéé“gfﬂgﬁéﬁﬁ?%fﬁi %@neQQOEgUBg grggbﬁgﬁtlé$gﬁ[¥ﬁaa device

conver si
corresponding to the analog to digital conversion procedure; a

detection procedure for detecting a level value of the digital
signal obtained from the second gain adjustment procedure; a
first gain set procedure for setting a gain value to the first
gain adjustment procedure such that the level value detected
by the detection procedure is set to a maximum value within
the range less than a prescribed value in a state that a
signal whose level is treated as a maximum value in the first
digital signal processing is input to the first signal
processing block after the gain value is set by the first gain

set procedure.



function and the A/D conversion function are

i nterposed between both the bl ocks. Wen a gainis to

be set in exanple enbodi nents, first, the m ninmm

value within the range of dispersion of the errors of

the signal |evel of the D/A conversion function (first

digital to anal og conversion neans/ procedure) on the

first digital signal processing block side is set

| arger than the maxi numvyvalde wthin the range of

di spersion of the errors of the signal |evel of the

A/ D conversion function on the second digital signa

Ior seegwilieg ehbodkmente, Asdigitesluldigral epawckesing

securely 13 prevented that an input fromthe DA
SYsten gy IS UchRet PEntha fihet fiigital giidalsingwarssing

r sing.block.to the AID _.conversion_ function_on

block ﬁﬁgggzcgﬁ%lgﬁgi?5?n%%d%%ﬁcﬁﬁ%ﬁy :ﬂQ%EneﬁfsgklPaF?gles to

the sed BfyidaNaBenad FUSLESEind i kBlck A GAINY YU LS
set to the first gain adjustnent neans/procedure such

signalt patocklseihgyvebsvat Uk adeirecired day stik@adetiectir@hsmitted
nmeans/ procedure is set to the naxinmum value within

therebef@eegngé ressbehbputhef meddrdtbddie PAPueonHerheost at e

that t Si | whose level is treated as 10 the
funCtTW%éﬁfggﬁfh ggnﬁQPﬁﬁﬁ?%%¥u%uﬁgt%?ﬁnﬁrq(}qq%§pPF?§t gai n

betwecddbbshMeAL AeaRss procedure. After the gain value is
set to the first gain adjustnment neans/procedure as

e%:raia%%gg&ag‘%\égb bg ggtl: nir\zlaelzga?m;i)lse Seergbgdoirge%?:sﬁe%gggt,
the minimum value within the range of dispersion of the errors
of the signal level of the D/A conversion function (first
digital to analcg conversion means/ procedure) on the first
digital signal processing block side is set larger than the
maximum value within the range of dispersion of the errors of
‘the signal level of the A/D conversion function on the second

digital signal processing block side. As a result, it can be

securely
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neans/ procedure such that the | evel value detected by
the 15 detection neans/procedure is set to a nmaxi mum
value within the range equal to or less than the
prescribed value in the state that the signal whose
level is treated as the predeterm ned maxi num val ue

is input to the first digital signal processing block
li kewi se. 20 Here, the gains are set to the first and
second gain adjustnent neans /procedures based on the

| evel val ue of the dlgltallﬁ gnal whose gain is set

by the first and second gain adjustnent neans/
procedures. Wth this operation, in the state that
praeegiedistiarte asetinast déscmi bied BArovenvar2bolyhaigttion on
range as |large as possible -can-be obtained 14

thegat ot estiaifeldsspeasi proetsshy drlrokstofthhier AP gnal

|l evels, in the D/A conversion function on the first
°8P§?¥%&°%|§ﬂﬂﬂtloﬁr6Ee§§?n@e?ﬁQﬁﬁ@%ﬁﬁGaﬂns%$Eﬁ¥VR§OCESSln9

eLsion funct gn_on the second digital signa
b%‘?%ce%‘ss%lgg SrlJ"I ock 5 2 Br 787 Descri pti on of the Draw ngs
Fig. Fu]rﬂh%ra bk pek, di 2&{ S0 89 a.ca gl %‘ﬁ,or%g ain
I sp e [

exanpl e of "an T nage splay apparatus as an
a@f us e PHRS\BY pL HYEMFONsud) FHAES thdAlefhl A e are

views schematically showing a procedure exanple for
dsettten) ky gaiendaseat fon steanhpdioredtire 3 get3 Hs the

fl owchart show ng a processing operation
maximum value within the range less than the prescribed
value in the state that the signal whose level is treated as
the predetermined maximum value is input to the first gain
adjustment means/procedure. After the gain value isrset to

the first gain adjustment means/procedure as described above,

a gain value is set to the second gain adjustment

means/procedure such that the level value detected by the

detection means/procedure is set to a maximum value within

‘the range equal to or less than the prescribed value in the
~ state that the signal whose level is treated as the
- predetermined maximum value i1s input to the first digital

. signal processing block likewise.

Here, the gains are set to the first and second gain
adjustment means/procedures based on the level value of the
digital signal whose gain is set by the first and second
gain adjustment means/ précedures. With this operaticn, in
the state that the gains are set as described above, a

dynamic range as large as possible can be obtained
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for setting the gain as the first enbodi nent. Figs.

4A, B, C, and D are views schematically showing a 15
procedure exanple for setting the gain as the first
enmbodinent. Fig. 5 is a flowhart showi ng a processing
operation for setting the gain as the first
enbodinment. Fig. 6 is a bl ock diagram showi ng a
configuration 20 exanple of an image display
apparatus as conventi onal e%uipnent provided with a
DSP to execute video signal l9processing. Fig. 7 is a
bl ock di agram show ng an arrangenent of the inmage

di spl ay apparatus shown in Fig. 6 to which ‘a signal 25

rppacetssngetd atilspiesshenl yf adoe kerrorkb ofFithys. s BdnaB, levels
—-and.- C are views explaining a phenonenon in which a

18y Ehsi B/F Ry arsigat Epnekttr Prude §idisspdiglbml ofignal

error of the signals of cells of D/A converters and an
Pﬁ%es%Hiﬂ/é‘plt%i Bt ha FRage i SPeF sdppar 4R s Shaih §he

sglzgnd?:zi 5365 L spde é?&olce%ﬁrw g 4t the Invention

I'g. 1 'shows an-i nag I Splay® appar at us as an

enbodi ment of the present invention. The inage display
apparatus includes an arrangenent as.a signa

BPi OF 654 01 phd e virC enbasedy oy d he present inventi on.
Al t hough-the enbodi nent is explained by exenplifying
firdtigand decendlock diagram showing a configuration

example of an image display apparatus as an embodiment of
the present invention.

Figs. 2A, B, and C are views schematically showing a
procedure example for setting a gain as a first embodiment.

Fig. 3 is a flowchart showing a processing operation
for setting the gain as the first embodiment.

Figs. 4A, B, C, and D are views schematically showing a
procedure example for setting the gain as the first
_embodiment.
| Fig. 5 is a flowchart showing a processing operation
for setting the gain as the first embodiment.

Fig. 6 is a block diagram showing a configuration
example of an image display apparatus as conventional

equipment provided with a DSP to execute video signal

© processing.

Fig. 7 is a block diagram showing an arrangement of the
image display apparatus shown in Fig. 6 to which a signal

processing block is newly added.
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enbodi nents that have a different gain setting
procedure, the arrangenent shown in Fig. 1 is comobn
to the first and second enbodi nents. 15 A signa
processi ng system of the inmage display apparatus
shown in the figure includes a DSP 1, a signa
processing block 4, an LCD drive circuit 2., and an
LCD 3 when they are broadly classified. The DSP 1,
the signal processing block {5 the LCD drive 20
circuit 2, and the LCD 3 are nounted as independent
chips or devices, respectively. In the above
arrapgenent, the D%Fﬁﬂ is ¢connected to the signal .
proced 3t ng® B otk 'Y (fr GaGhVERYHi FEPL2iHingh@ phenepgnon in
jsgpal 2SS LS nected to t.he -LCD
e Y AaRES P o Ferli aLREPEEE58 S 4 i %hamSTnn of
drfterl 6P e@nbveighdLalids 2413 sCQRNBEAE LCR418y -
t hr ough terningls T5 and Tg.g?nS?%igoég%égﬁfhégh & A;D
domvericer oh the DGRy disptegpappsr@fus asied@nah rig. 7.
processing unit 11, a first GCA 13 (gain contro
anplifier), and a DA converter 12. The signal
processing 5 unit 11 outputs a signal SO (in a format
EePtatlgigi tof “AetnsOykabhe ventien obt ai ned by

et o VA FedU e I AORTGIEe B tess Hg
g e i
app8t ££0€ AR Rle b anMBkesnidfeBai s of §i%ailn895c9§@iir{gal
device based on the present invention. Although the
embodiment is explained by exemplifying first and second
embodiments that have a different gain setting procedure,
the arrangemént shown in Fig. 1 is common to the first and
second embodiments.

A signal processing system of the image display
apparatus- shown in the figure includes a DSP 1, a signal
processing block 4, an LCD drive circuit 2, and an LCD 3
when they are broadly classified.

The DSP 1, the signal processing block 4, the LCD drive
circuit 2, and the LCD 3 are mounted as independent chips or
devices, respectively. In the above arrangement, the DSP 1
is connected to the signal processiﬁg block 4 through
terminals T1 and T2, the signal processing block 4 is

connected to the LCD drive circuit 2 through terminals T3

and T4, and the LCD drive circuit 2 is connected to the LCD
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vi deo signal (SO variable, and outputs it as a signa
Si. Note that since the first GCA 13 is used to
adjust the gain of a digital signal, it can be
conposed a multiplier and the |I|ike used to, for
exanpl e, a digital value. 15 The signal Si output from
the first GCA 13 is input to the D/A converter 12 and
converted into a signal S2 as an anal og video signa
which is output to the termpal_Ti. The signal S2
output to the termnal Ti is tnput to the termnal T2
of the signal processing block 4. 20 The inmage displ ay

ppar at us ., shown _in Fig. s previously conposed of,
?6¢h283 t&F™ énféﬁ>§g %ﬂglﬁg; 2, and an LCD 3. That

is, |i c S n e rocessi

b1 0k "4 TR CATS o Fangrener S o i it PongResd of
DS gndpr66888 ke dut 0 a1 CMengl e TdoRf 1 NeliaDed tygl

25 circuit 2, thereby a S|gna S2 as an anal og VI

asmpglnaﬂler)ﬂanmm AR fdoietier DEP. 1 mas Jikpel, fa@oéJB%ln
LCD drive circuit 2 as it was. A reason why the DSP 1

updd- drlr angedts o2 outgnatl Stthdianal Sormddent si ghali tahsvideo
based on the condition that the output fromthe DSP 1
LG Rputhieh the AP imed BycFrRiget g 5 RHigispgnaideo

b, 4 of the, enbod h
Fetide B Sty o dfrvsatmor (oINS yoRBOREe Tl
d
AU bOC DAY (S nET08. 0] Bl B APRALALYS WA 3

novel pr edet erm ne processin

sle%.s hhgaﬁhgﬁﬂhupmgpﬁ%ahﬁth&°§¥ é‘déﬁﬂ?ﬁﬁa%gsgai output
execut e si gnal

from a microcomputer 5, makes the gain of the input digital

video signal (S0} variable, and outputs it as a signal 81,
Note that since the first GCA 13 is used to adjust the gain
of a digital signal, it can be composed a multiplier and the
like used to, for example, a digital value.

The signal S1 output from the first GCA 13 is input to
the D/A converter 12 and converted into a signal S2 as an
analog video signal which is output to the terminal Tl. The
signal 82 output to the terminal Tl is input to the terminal
T2 of the signal processing block 4. |

The image display apparatus shown in Fig. 1 was
previously composed of, for example, a PSP 1, an LCé 2, and
an LCD 3. That is, it was composed by omitting the signal
processing block 4. 1In this arrangement, a terminal Tl of
the DSP 1 was connected to a terminal T4 of the LCD drive

circuit 2, thereby a signal S2 as an analog video signal
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10 processing for realizing the novel predeterm ned
signal processing function. Wen it is intended to
provi de the previous inage processing apparatus with
the novel predeterm ned signal processing function,

it is contenplated to redesign and 15 manufacture the
DSP 1 itself. However, this requires costs for

devel opi ng and manufacturing it again. For exanple,
when addition of the novel -silgnal processing function
iIs a small scale of nodification in an overall system
of the image di splay apparatus, an effect 20 resulting
buomnt heraddibi 08pol 4dhe signalePragesshngri SANCHLIQN L -
may fail to match the costs of manufacturing and. )
DU iWeg -t hd DSPsdn agal rthandsray bes disatherdt ageeusphd
cost. In this case, it is advantageous to '
LRRianades My dpposi aea larvasesitasedalone Ehe b dnditvi oy dHae the

navel. signal  processing function 25 with the previous
%“?Crpélr%:ggr?%ﬁ‘t thghﬁs%nlod&}%mp% tepphe ebCR (irivig cipdeugt 2.

case ng. . [.gnal _processing, block 4 is .
addiFPgngé§§iﬁ%uﬁ?§ﬁlgﬁ EESCgr?dﬁﬁéﬁﬁth@Pdﬂﬁént is a
dHigVicRUE HERPE. dsh P alyg, en, 1.he external
cﬁ%bgit i s conposed o%xg%gg%glgg§cglci%Q§ﬁ _ngﬁ?y mounted
execovidy the praleious dRabePHOSESS) Nhpf-atdsS FIYLANL A98ye1
arises in that a circuit size and dispersion o a
PSiegasbrinéned siwradapeocAssondi Aghotidnt. | $h8LSPs, the

preferable to arrange the external circuit to execute
s&g@aaiar?%?ssing block 4 is arranged to execute signal
processing for realizing the novel predetermined sigﬁal
processing function.

When it is intended to provide the previous image
processing apparatus with the novel predetermined signal
processing function, it is contemplated to redesign and
manufacture the DSP 1 itself. However, this requires costs
for developing and manufacturing ‘it again.

For example, when addition of the novel signal
processing function is a small scale of modification in an
overall system of the image display apparatus, an effect
resulting from the addition of the signal processing
function may fail to match the costs of manufacturing and
mounting the DSP 1 again and may be disadvantageous in cost.
In this case, it is advantageous to additionally provide an

external circuit having the novel signal processing function

with the previous arrangement. The embodiment is applied to
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signal processing. Fromthe point of view described
above, 10 the signal processing block 4 is also
arranged to execute the digital signal processing.
That is, the signal processing block 4 is also
arranged as a single chip or a single device.
Al t hough the signal processing block 4 executes the
15 digital signal processing as described above, the
video signal (S2) input fromthe termnal Ti of the
DSP 1 is an analog format signal. The signa
processing block 4 reconverts the anal og video signha
terminal T2 into a digital_ video

éfi i nput fromthe
- __'?g%aﬁas(ess)anﬁynlﬁﬁeswlﬁlz@r@&ﬁ@éf-ﬂar bheckr imddd tipnally
Thi |
At 90 EnB BEERREOEA e SR, mEET R eR Y

unit sub gltm

ddmnakesto d|g|tal signal processing that corresponds

to at |east the novel signal processing function and

out puhsni th@sedté&trgilalcibui hes Steis e olfS an28nh DHY!

to a second GCA 24. 19 The second GCA 24 gives a

gaionitwhipthekscgetn@adder diidgo kbHgaaPaprvasaisiegiFa

i ndi cated by the m croconputer 5, to the digital

C{HS&@B%F@‘%I aybags i fpthather ei oohi kevizse ﬂnldedﬁspstsmn of
ned above and outputs it as a signa

NSAEEL TEYE] M witG Chac ot tni e 141 35 B LRpOSERFRIb1S
t?hgygé#gé g@ %ggkrn %E%gui @gvggécute %%%eglgltgft
signal processing. From the point of view described above,

the signal processing block 4 is also arranged to execute

the digital signal processing. That is, the signal

processing block 4 is also arranged as a single chip or a

single device.
| Although the signal processing block 4 executes the
digital signal processing as described above, the video
signal (S2) input from the terminal Tl of the DSP 1 is an
analog format signal. The signal processing block 4
reconverts the analog video signal (S2) input from the
terminal T2 into a digital video signal (S3) by the A/D
converte; 21 and inputs it to a signal processing unit 22.
The signal processing unit 22 subjects the digital
video signal (S3) input thereto to digital signal processing
that corresponds to at least the novel signal proceséing
function and outputs it as a signal S4. The signal 5S4 is

input to a second GCA 24,
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first GCA 13 and the second GCA 24 in a manner

described below, the first GCA 13 has a gain
sensitivity larger than that of the second GCA 24. 10
The digital video signal (S5) output fromthe second
GCA 24 is input to the D)A converter 23. The digita
video signal (S5) is branched and input also to the

m croconputer . 5. When the LCD drive circuit 2

receives the video signal _ output fromthe signa
processi ng bl ock 4, an analééasignal is input to the
LCD drive circuit 2. Thus, in the signal processing

bl ock 4, the DA converter 23 converts the digita

vi debP8i AR SR i2dpdi vener egdln ntvdridhe ignakbgacainting
Signal ,and_i npu It tothe termnal T4 of the LCD 2

%o tﬁra%ﬂgﬁaj('ﬁ‘% ‘%‘ir%ﬁ%ﬁat?g. bYhENE (B YrISAIPYEREUPt B0 the
1 S i Ve, sig f riving the . LCD 3 r .

e Rt BT deRaduche Fimee

ddaen et exgiuh ndtPWdvie! ah8 LB & Nidals 1659fniNess LOR 3,
through the termnal T5. 25 The LCD 3 drives pixel

. thekl shénsesepbER 24 tha B&i ¥Bs@Gonddieal ofNRUkultiplier

thereto. Wth this operation, the LCD 3 displays an

-anpgagke attir di Apweretrheini detesitgnakt The ghntodgmbker

5 is conposed of a CPU (central processing unit),
TRERE BN L 2fdd fde PrRECNANECE R iivage maBngE s@esgribed
bgggv‘?r a‘ut:kyes tiisrs%o%tcgmlge aisna’x gaoirn es)c(e%gglt?.’vi%gcfa?ger than
that of the secondiGCA 24,

The digital video signal {S5) output from the second
GCA 24 is input to the D/A converter 23, The digital video
signai {S5) is branched and input also to the microcoﬁputer
5.

When the LCD drive circuit 2 receives the video signal
output from the signal processing block 4, an analog signal
ig input to the LCD drive circuit 2. Thus, in the signal
processing block 4, the D/A converter 23 converts the
digital video signal (S5) input thereto into the analog
video signal and inputs it to the terminal T4 of the LCD 2
through the terminal T3.

The LCD drive circuit 2 creates a drive signal for
driving the LCD 3 for display based on the analog video
signal input thereto and inputs it to the terminal Té of the

LCD 3 through the terminal T5.

The LCD 3 drives pixel cells in response to the drive
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manner that the CPU executes a programinstalled on
and stored in the ROM In the enbodi nent, the

m croconputer 5 adjusts gains of the first GCA 13 and
the second GCA 24 as described below. 10 In the inmage

di spl ay apparatus arranged as shown in Fig. 1, the
cells of the three sets of the DA converters and A/D
converters are disposed in series in a signa
processing system The errogg of the signal input

| evel s of the cells of the DA converters or A/D
converters are dispersed with 15 respect to a rated

f . t,
41‘2%1%93 B R e s coltra oty cfig £cb%s o
ah! ovapl eacao%q'ng( el 2L Hpl, datgpmned Th a

speC| i cation, actually, | evel rger A

(datahaahi&ﬁodb@@ubérlBPHE,c@mﬁéﬁgﬂ A0a(daba (vah el
smaller than "A" is set as an actual naxi mum

pglcicewabhe heiigl,, ROM, WRAN, " Ahdi Shé Mpilde  aahdakhy, idage
| evel is exceeded (overflows) . Further, as to an
déé?ﬂaét’ SRPRERTUSY 150eeBETolheduth, Aamenenpibat severs i f
maxi num out put__| evel (data val ue), which responds

mEBREE rhRT i GV SRRpUEesi gn}alzogrz@ igssailed om'ant
sEBEeAPRELEILROMON. 1RO Billod B, VB Y Er o TR e

ger or SI’TB. | er t
a@985nt of 1,8 19 cak %bfsﬁn@EA/fgnﬁﬁg tkgvggéonédGCA 24,8
dispersed in the respective cells. Tt rs as descri &f

dabovebédagelidwe dynani c range of the

In the image display apparatus arranged as shown in Fig.
1, the cells of the three sets of the D/A converters and A/D
converters are disposed in series in a signal processing
system. The errors of the signal input levels of the cells
of the D/A converters or A/D converters are dispersed with
respect to a rated level.

More specifically, as to an input, an error occurs in
such a manner that even if "A" is set as a maximum allowable

level (data value) determined in a specification, actually,

a level larger than "A" (data value) can be input, a level

(data value) smaller than "A"™ is set as an actual maximum

allowable level, or when "A"™ is input actually, a level is
exceeded {overflows). 'Further, as to an output, an error
occurs in such a manner that even if a maximum output level
(data wvalue), which responds to a maximum level input sigﬁal,

is set to "B" in the specification, an output is actually
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5 video signal is nade inproper by the errors and the
di spersion thereof. In the enbodinent, the first and
second GCAs 13 and 24 are provided and further the
gai ns thereof are set such that the dynam c range of
the video signal is made proper 10 regardl ess that the
cells of the DJA converters and the A/D converters
di sperse. Note that the gains are set at, for exanple,
an adjustnent step of a n@ngiagturing process, and,
fundanental |l y, when the gainS are set once, gain
values at 15 the tinme are fixedly set thereafter

at which the microconputer 5 sets the

However, tim ng

fba‘ﬁslq & A6UepatR¥IRN &1 pralilgrt shen gt lleyeleRanpFerther,
' e t_every_tine a r supply is set .up, at

& egr%%ﬁfceaé%f&% 2 g S ﬁ%‘yejp%vbé?‘r ddgppryed

i R MRpePLiPL SYPIY, predetermned intervals. 20
When the gains are set in a chance at a predetern ned

frequensy aét&ssshidaeaboleoghat facd Q{%amti[%ersﬂgQgéf Ofne
di spersion of signal levels that is caused by, for
whdsmrp lsé gnadet ermadatingr opietrh bggehansk Bdvs @indeiheeasons
can be coped with. 25 Figs. 2A, B, and C
deperairaakbhgredw a procedure as a 22 first

enboﬁinent for setting the gains to the first and
second B FPagigess, i hhe nélenboafidrescondsCadsct e 24

a%%oﬁgbvgggdSéﬁﬁ“%&}gﬁg%ekgeogaggg %%ééeof are set such that
the dynamic range of the video signal is made proper
regardless that the cells of the D/A converters and the A/D
converters disperse.

Note that the gains are set at, for example, an
adjustment step of a manufacturing process, and,
fundamentally, when the gains are set once, gain values at
the time are fixedly set thereafter. However, timing at
which the microcomputer 5 sets the gains is not particularly

limited, and, for example, it may be set every time a power

supply is set up, at every predetermined number of times the

power supply is set up, or at every predetermined intervals.
When the gains are set in a chance at a predetermined
frequency after shipment from a factory, the change of
dispersion of signal levels that is caused by, for example,
deterioration with age and any other reasons can be coped
with. |

Figs. 2A,_B, and C schematically show a procedure as a
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converter 12 in the DSP 1 and the A/D converter 21 in
the 5 signal processing bl ock 4 have di spersed
errors. Further, the range of dispersion of the
errors, that is, the maxi num and m ni mrum val ues of
the errors of each device is previously determned in
a specification. Further, the range of dispersion of
the errors (maxi mum val ue/ m ni rum 10 val ue) can be
variably set according to a constant of an el enent

~such as an eternal resistor- gngd the like. In the first

enbodi nent, before the gains are adjusted actually,
the rel ation between the range of dispersion of the

cirtsebolie Rl AapALLEL 1220 al, oL (he 0 18

.converter 21 is set

Merendpechf i8akhy, 24 iihSthe aSmSHAR 1'1@ Fig. 2A the
range of dispersion of the error o? the DA converter

12 cabe deechidet bpoaemaxhenungrad e ldveB% 8Adcide p/a
m ni rum value LImn. Further, the range of dispersion
GPOYRELRFrbf H1 thee DAPDL2@nc otivera ) ibviestatspl showhe
$§gna X|nun1value L2max and a m ni num val ue L2m n.

R LHOWHT 1% PEPGE SAdv% sliispersephernors numurahee,
Phan THE roki ALRCUS1 68 Thrble o7 e AlDeBobwer Ve m@imin
R i e A L SN
setvixusdes ddteedi abaven d Rpkke rhihst on. Further, the
range of dispersion of the errors (maximum value/minimum
value) can be variably set according to a constant of an
element such as an eternal resistor and the like.

In the first embodiment, before the gains are adjusted
actually, the relation between the range of dispersion of
the errors of the D/A converter 12 and that of the A/D
converter 21 is set as follows as a preparation step.

More specifically, first, as shown in Fig. 23, the
range of dispersion of the error of the D/A converter 12 can
be shown by a maximum value Llmax and a minimum value Llmin.
Farther, the range of dispersion of the error of the A/D
converter 21 is also shown by a maximum value LZ2max and a
minimum value L2min. Then, as shown in Fig. 2A likewise,
the,minimum vélue of the D/A converter 12 is set equal to or
larger than the maximum value L2max of the A/D converter 21
(or to a value equal to or larger than the maximum value |

LZ2max} .
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enbodi nent, a data val ue, which corresponds to a |evel

that 1is prescribed as a maxi num signal |level to be

processed by the DSP 1, is set to the signal output

fromthe signal 5 processing unit 11, that is, to the

signal SOinput to the first GCA 13 as a signa

source for adjustnent executed thereafter. In, for

exanpl e, the first enbodi nent, a signal 1001 RE, which

corresponds to a so-called white level, is used as a

signal of the level Lsl. 10 Fyrther, in the gain ‘

adj ust ment executed thereafter, a gain of one tine is

set to the first and second GCAs 13 and 24 as an

initi In a state that the val ues Qd

of 1 Reept rlg?ea%%l h AL aEAde et e Aboe S8t T it
al ye r 1 i_nc I tput .

e R e R e e LA S

iegalied iasdt BE §amB: ShaNaligas 1t Neve Bl g0 %ob@ggéd by
fromthe first GCA 13 to thé A/D converter 21

WigmelP $]1 abssehatso tite: Isdyabll shitpst shosn the EugnazA.

The |l evel of the signal S2, which is obtained by

REsPeesinagurot t he sﬁl'mtallS& tientbe t isgraaial By ispghato byhe
the D/ A converter 12, is. not nmade equal to or

f§ﬁ”—&|t| EFAt iH%na% e THgAahFOVEPBet 2R Mg uReRt fzxeﬁ@ted

W %% spersion_of .the_errors ofT%h _
Rl S b A b RO e
fﬁwxﬁEl Swﬁf@ﬁ‘*@@r@eé?o@xd@"@hvgl 46 & AR DEEIP. OYed

5 the signal , 1I's the m ni mum val ué i m
u@aﬂgaso& sigfal of the level Lsl.

Further, in the gain adjustment executed thereafter, a
gain of one time is set to the first and second GCAs 13 and
24 as an initial value.

In a state that the gain values Gl, G2 of the first and
second GCAs 13 and 24 are set to the initial value, first,
since the signal S0 output from the signal processing unit

11 of the DSP 1 can be regarded as the same signal as the

signal S1 input from the first GCA 13 to the A/D converter

21, the signal Sl also has the level Lsl as shown in Fig. 2A.

The level of the signal S2, which is obtained by converting
the signal S1 into the analog signal by the D/A converter 12,
is. not made equal to or smaller than the maximum value LZ2max
even if the amounts of dispersion of the errors of the input
to and the output from the D/A converter 12 is minimized.
This is because a minimum value, which can be employed by

the signal S2, is the minimum value Llmin of the range of
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di spersion of the error of the D/A converter 12. That
is, when the level of the signal Sl input to the DA
converter 12 is set to a maxi numval ue all owed by the
DSP 1, the signal S2 input to the A/D converter 21
securely 5 overfl ows depending on the range of
di spersion of errors set to the DJA converter 12 and
the A/D converter 21 shown in Fig. 2A (however, this
is based on that the gain value of the first GCA 13
is set to one tine). Wen thigs is analyzed from an
i nverse standpoint of view, the signal S2 is set 10
such that it is not made equal to or smaller than the
ctual_. all | e maxi nu npu | evel of the A/D
%lo VerrSt %\"gﬁ%neq%? d‘lﬁ S/ BnGPIELEE St to an
allo e Ham That g j0upyt, fromthe
DA ?%E\I?e%?gﬁ 12 |t\é@p:ri§\7§rjft gg t#romdglellng%tll np %t{cg)r(]:’tﬂ'l

D cworéerber 121i 4 e dNsUihkehGRlvatine TANGR Bl Cthe
When the range of the S2 is insufficient when it is

DS9put, ttoet biegmd D SDngrdterto2thet RED i dfdritede il kadg@eely
cannot be recovered even if a gain is increased by
quer Hdersndersdiny qrbd‘é‘teedabehl ofl diwpeA/sDacomferteors set

21. Altpou%@bthe SI 20 S2 is converted into the
t§ Jheal/d %ng%u 2s@nls‘y thReA AP [Forgmmiem &l showe hin

ngl |nclud si g lLevel .err due to

Fé’l":’gper s?%n " of - dr ﬁ%’rlsof i 8 &P PR ot %é‘re @flnTﬁéiue of
t%'eg@fi‘.lrs§3G¢l§ 1AW ste‘e thessecongd G Wgé a%h%? g’lo'gl E.lLlyzeci
A4 hrough the signal processing un 32
f&&&u&ﬁdlﬂﬂ@ézﬁs&%ﬁahﬂboﬁﬁts b@nal ek evele 's%g%'&qnggdlgss@:
result of the digital

such that it is not made equal to or smaller than the actual
allowable maximum input level of the A/D converter 21 when
the input signal S! is set to an allowable maximum value.
That is, the output from the D/A converter 12 is prevented
from being input to the A/D converter 21 in an insufficient
range state.

When the range of the S2 is insufficient when it is

input to the A/D converter 21, the insufficient range cannot

be recovered even if a gain is increased by the second GCA

24 located behind the A/D converter 21. Although the signal
82 is converted into the digital video signal S3 by the A/D
converter 21, the signal 83 includes a signal level error
due to the dispersion of error of the A/D converter 21. The
signal 83 is input to the second GCA 24 as the signal S4
through the signal processing unit 22. It is assumed here

that no signal level is changed as a result of the digital
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25 signal processing executed by the signa
processing unit 22. Mre specifically, it is assuned
that the gain value of the signal processing unit 22
is one tine. Further, since the gain value of the
second GCA 24 is one time, it can be 5 assuned that
the signals S4 and S5 are the sane signal.
Accordingly, in this case, the signals S5 and S3 can
be regarded as the sane signal. The signal S3 is a
signal which is digitized.byagthe AAD converter 21
and overflows. Accordingly, the signal S3 is 10 set
to a state that it is fixed to the naxinun1|eve| (Ldr)
nEQe ? ynapi¢ range th eterm ependi ng_on

tar - di's ersf%ﬁzo bgr ?ssﬁ?n? S@&ﬁ@e??%? 22.
eV\"sE)Bl:EfJ.EQ;?l ange ;qf a@'s%ﬂ@ﬁsfﬂgt Oéheerd’aiq_ﬁs v8hubhEs the

Al D converter 2 (between the nmaxi mum val ue L2max and
dil@ameyiouss yahglainiT R2niB) ondltide. tifRchbhp Sigddlthe
S5 al so has the sane level as the signal S3. As shown
dapnFivglug, of hehsigpraindSECAS 24| $8 onepuitmet, 0 ithean be

m croconputer 5. The m croconputer 5 executes contro
aﬁrﬁ@@éésgﬁ@tfwe gelignaddj §4t aedt Sexacuttdg tsn@reeaigeal 20
baseghon the, | evel (data value) of_ the signal In

AFﬁar PO R At S £RESsi GGl SEEPals 5k egdt §3 tﬁ@n be
XEEe%désa§hék3éHé gggpggove whi ch nmeans that a state

he  si'ghal overrlows is created. To adjust the

alﬁmﬂy dif T GROGANRUL E5n st Jﬂﬂéﬂzustaggltlzed by the A/D

converter 21 and overflows. Accordingly, the signal S3 is
set to a state that it is fixed to the maximum level (ILdr)
of the dynamic range that is determined depending on the
actﬁal dispersion of errors of the A/D converter 21 within
the range of dispersion of errors of the A/D converter 21
{(between the maximum value L2max and the maximum value
LZ2min) .

At the time, the signal S5 also has the same level.as

the signal S3. As shown in Fig. 1, the signal S5 is also

‘input to the microcomputer 5. The mibrocomputer 5 executes

control processing for gain adjustment executed thereafter
based on the level {data value) of the signal S5.

In the initial state, the signal S5 is fixed to the
level Ldr as described above, which means that a state that
the signal overfiows is created.

To adjust the gain by the microcomputer 5, first, the

gain value Gl to be set to the first GCA 13 is reduced until
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25 gain value Gl to be set to the first GCA 13 is
reduced until 26 the level of the signal S5 being

input is reduced to a value equal to or |less than

| evel Ldr while nonitoring the signal 55. Note that

the gain value Gl is controlled by the mcroconputer

5 which outputs a control signal for 5 indicating the
gain value GL. Further, to describe for the purpose

of confirmation, the level Lsl, which is prescribed

maxi mum is kept to the signab SO input to the first

GCA 13 thereafter. Fig. 2B shows how a gain value is
set to the first GCA 10 13 descri bed above. Mre
specidvataldsy theheibayel sofudihg Shgnal i Si

output fromthe fl?St GCA 13%§h3n%28u%§iﬁﬁaﬁgéaqﬁﬁ a value
eoralerteor 12ssi shasduoed byir etitengoh heoidig twal ¥egnal
of the first GCA 13 fromthe initial value. In
%%rrégﬁﬁn&éﬁéetb% g#ﬂﬁ:Malmedﬁétnanccﬁtﬁdﬂia@ ppathsl,

-the | evel he si gnal whi ch is output fromthe
hie

‘Bi%"c&ﬁkl?éﬁt?ﬁr C?UrFMt’CSt & FREtrel Okmmiefioar 21,
state that the |evel

o R o VR 5 Pt horeear Tonator e
forl DR.of the A/
B0 oot o S oty SHEY TABLE LSt g ter feribod

maxjolim, Nistbep?V 4 coRverbaki 2d0 angh v ard lt‘ﬂ\@s fEJng eé@A 13
At the tine, it is detected that the signal
ﬁhe%eéfterthe | evel Ldr. As descri bed above, S|nce the

S|gnal S5 overflows as
Fig. 2B shows how a gain value is set to the first GCA
13 described above.

More specifically, the level of the signal 81, which is

output from the first GCA 13 and input to the D/A converter

12, is reduced by reducing the gain value of the first GCA
13 from the initial value. 1In correspondence to the
reduction éf the signal S1, the level of the signal 82,
which is output from the D/A converter 12 énd input to the
A/D converter 21, is also reduced. However, in a state that
the level of the signal 52 is larger than the level Ldr that
is the maximum value of the dynamic range DR of the A/D
converter 21, the signal S2 becomes an excessive input in
the A/D converter 21 and overflows therein. At the time, it
is detected that the signal S5 is fixed to the level TLdr.

As described above, since the signal S5 overflows as
long as the level thereof is fixed to the level Ldr, the

microcomputer 5 controls the first GCA 13 to reduce the gain
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long as the level thereof is fixed to the |evel Ldr,

the 25 mcroconputer 5 controls the first GCA 13 to
reduce the gain 27 - value set thereto. Wen the gain
val ue is reduced as described above, the signal Sb

(the signal S3 output fromthe A/D converter 21) is

set to a value smaller than the |evel Ldr for the

first 5tinme. At the tinme, the gain value set to the
first GCA 13 is nade to a gain value optimumto the
first GCA 13. Mdre specifieald?y- a state that a

maxi mum | evel to the dynamc range DR is input can be
obtained within a range in which no overflow
(salueasetormafreltevel ) occurs behind the first GCA 10

13. Thereafter, the gain value set to the first GCA 13
at tHBen whei gainxexllye st teaiude bir8ds G etBaphbber the
the gain value is set to the first GCA 13 as

d%%%’?"i‘lo&ﬁ didfesianghi $3 i euigstt tiaohhehs e MbEARLr 21)
Sﬁété’fg_g %f t he lgai n to the second GCA 24 begins from

t he FCafe VEARE TRl RN thAH (dehasvebebdsefont Ghehdirst

fiqmsd. descri bed above, the sensitivity of
the fi ?s%% %agi E@ﬁe’i g_'%s?etgalﬁngi’@ U hSEC theatthef figet GCA 13

QL alde Mmhi . th en.the sensitivit
is?:r ega%gdgg%a %'vg%)ﬁ? B%# m{ugﬁé%g%weo&ltrﬁg 889pﬁ1§[ "

|speelifobaaly) gnadtdte RESROBSfakOnal nt ,af :
change of the same gain val ue having éezig%s%eltflgt fygnamic

&i9get DBf iehtnmye: aflant be obtpuheherathiof A hanbil st Ffn no
%%Fé%lﬁ%aggsguggg?;ntg%tlgL &he Second GpA 4 In'Other

, i el) occurs behind the first GCA
13. Thereafter, the gain value set to the first GCA 13 at
the time is fixedly set to the first GCA 13.

-After the gain value is set to the first GCA 13 as
described above, a gain is set to the second GCA 24.
Setting of the gain to the second GCA 24 begins from the
state that the gain value has been set to the first GCA 13.

As described above, the sensitivity of the first GCA 13
is set higher than that of the second GCA 24, which means
that, when the sensitivity is regarded as an amount of
change of the output level of a signal in response to an
amount of change of the same gain value having béen set, the
amount of change of the output level of the first GCA 13 is
larger than that of the second GCA 24, in other word, which
means that the resdlution of the change of an output level
in response to the change of the gain value is larger in the

second GCA 24 than in the first GCaA 13. That is, in the



the resolution of the change of an output

Argsgf trﬁtresponse to the change of the galplvalugigf
| arger in the 25 second GCA 24 than in the |risn
13. That is, in the - 28 video signal procezs g 13
system shown in Fig. 1, the first and secoE fcfﬁer
and 24 undertake a separate role in that the to e
sets a rough adjustnent gain and the Iatterdse fibed
fine adjustnent gain. 5 Froqlmhat has beenf eﬁc coed
above, in the state that the ¢&imn value of t F
GCA 13 is set, the signal S5 is set to a |leve .

IJ er than the maxi num | evel Ldr of the dynﬁn1
r ange ODlﬁlggaéhBW\CﬁPﬁﬁlmgg sy2BemHonenerin SNLe 1t Nepe St

|n is set to the first GCA'1 B
{ W %%Cgﬁdmg&?? Bét HeERTE ke | @ \eipanthatbheosi gﬂmthat

I be relatively |arge.
a%agcgfkﬁfﬁeé§%§ utp %aéﬁéHSFﬁ%PEﬁQQ1noﬁnﬁhehset@tmbr sets

hat of the
fiRd &8 drt lgakatively higher than t
f?féi GCA:¥§ﬁ&nAccg§dlngly it is possible to ad{ugg
5 the diffc emee heswessh e ddiadeaghopl, tjgne %gna €2 chat
and the level Ldr as small as possible
| BYR19%¥n t#hd usi gfiath&5e hest da té%f\lﬁfgﬂtﬁ% a1 ss i
n to the secon
2%%?&1 cgc?nqeé(%?r;aﬁﬁ“m# righan Itémelma&a:nuzbeléwmhﬁ mﬁ%r %gn@ﬁg
nge DR within a range in iC
f)d\}’e&r%ﬁ g?s Of (S Tof 1| Edeh ) 2Bc c tiosrevBlat sifee the

di}ému@:l%ﬁnQﬁ@ﬁsth@(%%ltgﬂg_ls itself can be nore

d The gar set to the first Gca 13 is low,
i mprove

10 the difference between the level of the signal 85 and the
level Ldr may be relatively large,
However, the resolution when the gain of the second GCA
24 is set is relatively higher than that of the first GCA 13,
Accordingly, it is possible to adjust the difference between
15

the level of the signal S5 and the level ldr as small as
possible by making the level of the signal S5 near to the

level rdr by setting the gain to the second GCA 24, With

this operation, a maximum input level can be made more near

to the dynamic range DR within a range in which no overflow

20 {saturation of level) occurs. That is, the dynamic range as

@ signal itself can be more improved. The gain of the

Second GCA 24 is set for this purpose.

When the gain is actually set to the second GCA 24 the
microcomputer 5 controls the second GCA 24 to increase the

- 25 gain value to be set to the second GCca 24 while monitoring
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second GCA 24 is set for this purpose. Wen the gain
is actually set to the second GCA 24, the
m croconputer 5 controls the second GCA 24 to increase
the 25 gain value to be set to the second GCA 24
while nmonitoring 29 the level of the signal S5. The
gain value & is also set to the second GCA 24 by
outputting a control signal for indicating the gain
value & by the mcroconputer 5. The gain is set to
t he second GCA 24 as shown-ipgFig. 5 2C. The |evel of
the signal S5 as the output fromthe second GCA 24 is
increased in response to the gain value of the second
e I I u S cribed ove.. To
HA 4 Sel A e bigher Jgl ugya Pgﬁ% velue Gz 15 alerg gt

descri be for the purpose of conrifimation,

tesHaticnmel doie2sespnaditGA tdhd @ LRRLEHANGR LN for

out put level thereof is higher than that of the first
BEH cE3 inghe heameint vafuc 2@y ahet heckhevehpfert ke
signal S5 at, for exanple, every one step is snaller

t hanThRag2dR {Reset et theCAee@nd16CHheh asatshawneitaFhg.

;%iep, the signal 35 reaches a level that is regarded
" the sanme | evel as the maxi mum |l evel Ldr of the '

Coneihe SROOF R TR B i T B e o
de@ndgath set ; 8s; deselhed,aboyg,, %Qe{§Q¥m9 g?éingﬂhe of
dynam ¢ range 20 can be conceptgap y secured wthin

thee skang@ GCal 2¥edet Ro a higher value as described above.
To describe for the purpose of confirmation, since the
resolution of the second GCA 24 to the change of output
level thereof is higher than that of the first GCA 13, the
amount of change of the level of the signal S5 at, for
example, every one step is smaller than that of the first
GCA 13.

Then, at a certain step, the signal 85 reaches a level
that is regarded as the same level as the maximum level Ldr
of the dynamic range DR as shown in Fig. 2C. This state
corresponds to that a fine adjustment is completed to the
gain set as described above, thereby a maximum dynamic range
can be conceptually secured within the range of level in
which no overflow 6ccurs. However, actually, an overflow
approximately occurs in the state that the level of the
signal S5 perfectly agrees with the level Ldr, which is

actually not preferable. To cope with this problem, in

actual processing, the gain value of the second GCA 24 is
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whi ch no overfl ow occurs. However, actually, an
overflow approximtely occurs in the state that the
| evel of the signal S5 perfectly agrees with the
| evel Ldr, which is actually not preferable. To cope
with this problem in 25 actual processing, the gain
val ue of the second GCA 24 is - 30 set smaller than
the state that the level of the signal S5 agrees with
the level Ldr so that the level of the signal S5 is
set smaller than the level Ldr3by the gain value of
the one step. Thereafter, the gain value set to the
second GCA 5 24 as described above is fixedly set to
t s BrideeChhan. they giradmeshbngthper @fé Obs WALCH: iSa1 55
ex t%dwbé tFe m cr.oconputer 5 (CPU) according toO

Pt FRY

{ hed igaTn " 19dc ddfir §cekpati tleel Iyveli gf. tRA, sBynal S5

and Getl ,n a, . flowchart of Fig. 3. Note that
when Fheégggggegst}hnadl HhEwTSVRL 189¥ Hey fihpuigainsvalue of the

exeeutedp. t e delation en the m ni num val ue
Linmin within the rar?gé g§£ Eper eld’l’? SFtthe g dresopdl GCa

t Bd BB Adesmididelabbdeand g dmxiyymval ue L2max
within the range of dispersion of the E?‘Fo?%,c?ﬁdﬁ%\ 24.

A D cohwsccess2igi sperdtaly wekn FY' bhEL,td e RLLI @
value (for exanple, the 15 gain value corresponding to

ofiE“ TP TREPUtS Ts 6t (EBUT hecepaidingy aloueseGhaands A i6fy t he
féfé&e@und secgnd GCAs 13 and 24, respectively. I'n the
pt ocessi g “SRoRAPA RheF¥agurd, Birend datis fdown in a

mﬂglﬁajﬂg o%hﬁigl. gg]_al I\]o%\éelthgg IFvll;]een I:?cshpe SpIr%%elszigc; e:l'tloet?n in
the figure is eéxecuted, the relation between the minimum
value Llmin within the range of dispersion of the errors of
the D/A converter 12 and the maximum value L2max within the
range of dispersion of the errors of-the A/D converter 21 is
already set. Further, the initial value (for example, the

gain value corresponding to one time) is set to the gain

values Gl and G2 of the first and second GCAs 13 and 24,

- respectively.

In the processing shown in the figure, first, data for
maximizing the signal level on the DSP side is created as an
input signal at step S10l. More Specifically, as an example,
the signal processing unit 11 is controlled such that the
signal S0, which is output from the signal processing unit
;1 of the DSP 1 and input to the subsequent signal
_processing system 1is made to the digital video signal having

the level 100IRE as described above. With this operation
r
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20 input signal at step S101. Mre specifically, as an
exanpl e, the signal processing unit 11 is controlled
such that the signal SO which is -output fromthe
signal processing unit 11 of the DSP 1 and input to

t he subsequent signal processing systemis made to

the digital video signal having 25 the | evel 100l RE as
descri bed above. Wth this operation, 31 the initial
state explained with reference to Fig. 2A can be

obtai ned. That is, in the syst®Em-in which the signal

SOis processed and set to the signal S5, a state

tg?jt a signal overfl ows (is set to an excessively

| ar§eiPéler} iEtsecupdhyned obthingdrehhe +o Rgv 42 can be

AN ¢Qoput 5 captures the data value (leve
(Tfo t%e STgndiPa85 18y ABxEDSteYSBI02n Fhech evies Hgrhesy is

ShgbabssSP nitor by the processing. At next
s%)ep 5?[503, allr{% irgs%td Pe?ﬁ‘?néﬁg%ﬂet%r aoptabe Wsst d4Gignal

Vdvetrsl®ad afalsi ghedygs o jhe data val ue VS5 of the
signal S5 capt ured a?lt's }‘&e(f)e?fd'f?é{n&ia‘ég%r%%ﬁl) is securely

peletscindsbd val ue Vdr. As described with reference to

Fi gs. éA, Band C, in the initial state, the |evel of

the sit§raihiSBocauiitead 5t @apkhee SopdIynlevel, Ldr. of

#e ynam c range DR and is eq%al 15 ta:at ﬁ%llugv FeYS), VS5
e PreSePrpedSyatuamendr sitepf andanental 'Déveiertgtlm?ysignal

ta_val ue corresponding to the level Ldr. Actu
%% q_s % Fl%r%cg

however, 't Rt rihse ®resraeinvay may be set to an

'ﬁgfi it%@rlye;PJ edetesgpyed, val u edestrgslmligcredt Qggt;lgf clare Vneolt VS5
< Vdr is established as to the data value VS5 of the signal
S5 captured at step 8102 and a preset prescribed value Vdr.
As deséribed with reference to Figs. 2A, B and ¢, in
the initial state, the level of the signal S5 is fixed to

the maximum level Ldr of the dynamic range DR and is equal

to the level 1dr. The prescribed value Vdr is fundamentally

"set to a data value Ccorresponding to the level Ldr.

Actually, however, the pPrescribed value Vdr may be set to an
arbitrary predetermined value smaller than the level Idr in
consideration that an optimum dynamic range can be secured
according to the specifications and the like of the chips

and the devices of the DSP 1 and the like.

When the relation VS5 < Vdr is not established at step

\8103, that is, when a negative result of determination is

obtained because a relation of vgs > Vdr is established, it
I

can be said that a state of overflow still occurs,
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consi deration that an optimum dynam c range can be
secured 20 according to the specifications and the

i ke of the chips and the devices of the DSP 1 and

the like. Wien the relation VS5 < Vdr is not

establ i shed at step $S103, that is, when a negative

result of determnation is obtained because a

relation of VS5 ? Vdr is established, it 25 can be

said that a state of overflow still occurs. 32 To

cope with this problem the pr8éess goes to step S104

at which the gain value GL to be set to the first G CA

13 is grlecrerrent ed by one step. As a result of the

pr ocesSPn§OPEhEitevehi ofprdha efi, gRAL oL fromthe
fiéﬁ{-" 5 GCA 13 i s -reduced by an armu%ocors:)g;;o&osng?nﬁgep
to e &aiwll?l altfie getr ementeeGlbyot be sse &t e @ Lhegen
corpliet i;an g;ne}l]ge lgrocessi ng at step 5104, the

process returnacto Y QPeseher. Ads descrslied oifnthig.
2Brozesepaiat o { reducing the gain value to be _
set to theéfi r st C;‘%Aell’op%u%#lﬁl ShEndy et ¥ | vierodc from16hé nfirst
t B€ASiLgNAE £adudey alphegl the processing flow from
step S102 to step 5 O4nthr8{3%}_ﬁ SPEP;WSinghéR thejgain
a¥adneddedraamanteaf iy BRET ¥ I t of et er m pati on
igf(g%%g%{]rgg agﬁecause the relatio 'VSan<t rCf@pletion of the
e Seep 55003, thdirsdatse that, pe pyerflo
oggu(gsscla cgg ,be obtained for the first tr‘lgnegélng{??evgloz'
signar prr%’ce $th§i9sydBem rapmrtaid oby Bogon¥@it My Yohd Qain

waigh the,signal . S1 js _.
é% 5% e% to the first Gca 13 until no overflow o

in the signal can be obtained by the processing flow from

ccurs

can be obtained for the first time in the signal processing -
system from the D/A converter 12 to which the signal S1 is
input to the second GCA 24 from which the signal 85 is
output. That is, the gain value G1 is Properly set to the

first i
GCA 13. 1In this case, the process goes to pProcessing

for setting the gain to the second GCa 24 at step 8105 and
subsequent steps. Thereafter, the gain value Gl set to the.
first GCA 13 is not changed, thereby the gain value @1 of
the first GCA 13 is fixedly set.

To set the gain to the second GCA 24, first, at step

5105, the gain value G2 is incremented by one step.. With
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i nput to the second GCA 24 fromwhich the signal S5 is
output. That is, the gain value Gl is properly set to
the first GCA 13. In this case, the process goes to
processing 20 for setting the gain to the second GCA

24 at step 5105 and subsequent steps. Thereafter, the
gain value Gl set to the first GCA 13 is not changed,
thereby the gain value GL of the first GCA 13 is
fixedly set. To set the gain to the second GCA 24,

first, at step 25 5105, the @i~ value & is

i ncremented by one step. Wth - 33 this operation,

the level of the signal S5 output fromthe second GCA
Xhiiss oppeaedsed tHE resRan t i NLeval

i ncreased by one step. At %ﬁeﬁ?es?g% 1%65 %tu‘r%g'uga%]éom the
\EOeadVEEA 024 tire igiqgralse85 inSrésp&ad Wk hkl KW SEalye g2
previ ous step 5102. Then, at subsequent step 5107, 1t
TSCHeperdi PedPkhaatis®r- or not the relation VS5 > vdr

'S eszg?bli hed as to the data value VS5 and the

prescri BEd vArGR VaPe: viren date@ vellaei YR5\VSE tha/drigngl S5

Qt ' and a negative result of determ nation
29! &L ANd 1184 A08 BetrREi e i alhe. Vemien Gl | o1
EhBBe &by Cihped I r, t.he gain of the second
GCA 3% catn%{Jt%§J E:elte qf oyg #%r%égcévrglll?g.d f“’he{:}ﬂ‘?’é Tadet the
pebaeion gES 2t UdrSt &P S0 1 el §aeRL S fibe; aal Qra\i‘?lle,tj9s5
ep

G2 by one step, and returns to the processing at s
#nd6thd preferibew v4ldd RracewsbAdths OB 1HE8RNSHIE $ Yar is
step S108 't hrough step 5107,

not ‘established and a negative result of determination is
obtained because the data value VS5 is smaller than the
prescribed value Vdr, the gain of the second GCA 24 can be
set to a large value. Iﬁ this case, the process goes to
step 5108, increments the gain value G2 b? one step, and
returns to the processing at step 5106. In the flow of
processing from step S106 to step S108 through step 5107,
the gain is finely adjusted so that a maximum dynamic range
can be forcibly obtained.

When the affirmative result is obtained at step $107,
it is assumed here for the first time that the signal S5 has
reached the same level as the maximum level Ldr of the
dynamic range DR. 1In this case, the process goes to

processing at step S109.

At step 5109, the gain value G2 is decremented by one

‘ step.

As described_above, the processing is executed to
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.the gain is finely adjusted so that a maxi num dynam c

range can be forcibly obtained. Wen the affirmative
result is obtained at step 5107, it is assuned here
for the first time that the signal S5 has 20 reached
the same |l evel as the maxi mum |l evel Ldr of the dynamc
range DR In this case, the process goes to

processing at step 5109. At step 5109, the gain val ue
& is decrenented by one step. 25 As described above,
the processing is executed t0384- reduce the |evel of
the signal S5 by the gain value of one step so that a
state that any overfl ow does not securely occur can
beedisteaithed le@alt be o0 i@fHaan s6f pt he,dr

step 5109, the gain settlﬁg proge§§|§%§§ﬁ8§§%kﬁgfh 5One

- ff’ﬂiﬁﬂ &9 $hptnpssiethe WHAT tiniys ooper abi %éaw@m&alsrécﬁ%leyf

of the second GCA 24 is also fixedly set to the fina
\ﬁﬁqﬂg CBRePRaPR LN danthe| yompiedti onas fhera processing

e th reference to Figs. 2A B, and Cis
base g g%ﬁ%t e SP§|@HglPHEF%#%@EB§h@gngannrhe

e S B B At S0

signal processing uni
sheckedohs ane Ad 18, 2300 Elwsatpie, qain control in, fhe

si gnal processing systemis equlva ent
thgnedfipeocessing unit 22 i s passed.

Iﬁcidentally, what has been explained with reference to
Figs., 2A, B, and C is based on that the gain (signal
proceésing gain) given to the signal by the signal
p?ocessing by the signal processing unit 22 in the signal
processing block 4 is one time, and thus the gain control in
the signal processing system 1s equivalent to that the
signal processing unit 22 is passed.

However, as a matter of fact, it is also possible
depending on a type of signal processing that a gain 1is
given to a signal after it is processed and thus the level
of the signal itself changes. Accordingly, the signal
processing unit 22 may employ an arrangement for executing
signal.processing for giving a gain to a siénal.

Therefore, next, how.a gain is set in the embodiment
when a signal Processing unit 22 is arranged to give a
signal processing gain other than one time to a signal to be

processed will be explained as a second embodiment.

Figs. QA, B, and C show a procedure example for setting
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15 However, as a matter of fact, it is also possible
depending on a type of signal processing that a gain
is given to a signal after it is processed and thus
the level of the signal itself changes. Accordingly,
the signal processing unit 22 may enploy an
arrangenent for executing 20 signal processing for
giving a gain to a signal. Therefore, next, how a
gain is set in the enbodi nent when a signa

processing unit 22 is arranged3éo give a signa
processi ng galn other than one tine to a signal to be
pr S |1I_.be explained as a second enbodi nent. 25
Fi ggg i%ﬂl\g’ h§ ESSRBG smbediezhire exanpl e for
settlngjg t al.n_as the second enbodinent. Also
inthis cgsén Eﬁl? &a?%ﬂzﬂﬁ dieh&rhaERoR Hee iarge toik range of

di dpereaidnobrt Rge L a converter 12 and
that of an A/D cgnve%ésf %fla W ﬁPHVﬁﬁﬁ?Wal%@lm mhrat of

ofalt He IDcAnSecoaverl erede o
than the maxi num val.ue L2ﬁ§§&g% Q%H %f P 27 3}

or° YLl be farger eduhan toher MRx Faym 2nax as
aV%regaﬁgﬁlon step as shown in F|g 4A. ePaXémum
data SR é@‘fﬁbﬁ‘d’l%g:omretherlm/eir i) 1Q,a§L{18 laraer
exanRn! ene 10 q# 1%% IS _prescribed maxi mum a g
signal  Tevel H‘ebWﬁa’E)ﬁB la |1:8.“e$ahratt<iohh§t§p W@ shown

Sthinpyt 40 a first GCA 13 likew se. Further, a gain
of onetine is set to both the first GCA 13 and a

secondru@has, ag &kdialyal y

(for example,

correspondlng to the level Lsi
100IRE) that is prescribed maximum as a signal

lew
el treated by a DSP 1 is set to the signal S0 input to a

f
irst GCA 13 likewise. Further, a gain of one time is set

to b i
oth the first GCA 13 and a second GA as an initial value

With this Operation,

{equivalent to a passing—through state), réspectively.

P Co
urther, it is assumed that the gain value (xn) of the
S
ignal processing gain in the sSignal brocessing unit 22 is
set t =
o n 0 to 2. 1In this case, a maximum gain value is

set to 2 ti : i
; times. However, Flg 4A shows a case that the gain
value
of the signal processing gain in the signal processing
unit 22 is set to 2 times that is a maximum value as a

relatlon between the level of the §3 input to the signal

r
_p ocessing unit 22 and that of the 31gnal 84 output from the
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Wth this operation, a state that a signal securely 15
overflows can be obtained in a state that the first
GCA 13 and the second GCA initially have the gain of
one tinme (equivalent to a passing-through state),
respectively. Further, it is assuned that the gain
value (xn) of the signal processing gain in the
signal processing unit 22 is 20 set ton =01to 2. In
this case, a maxinumgain value is set to 2 tines.
However, Fig. 4A shows a case Bhat the gain value of
the signal processing gain in the signal processing
unit 22 is set to 2 tinmes that is a maxi mumval ue as a

r €1 1% PEecReehng heniitewdl. ofint BRi S3ddMUL ¢t 95t BEorn that
ydﬂélt;% pnocefsing unit 22 and that of the signa ,§$
out put Tronrfhd’ 38 S fad theomessimg. latnilt 122, oFNthe

t iy e,.LL. 1S shown that when the signal S3 is has
thééﬁggﬁnﬁﬁ# %v%%’ﬂ%@ 5f-9PRé SAyhawiz IeegelBR thie is

sitgiak Bhehdsyay lrenel hat js .twice the |evel
Ldr. Furt?]er, %n Ii V:i's gg%é%e& mdt ¥HE Gard ssintaudhe2 gain

ofrathe s2condtHCAdnkScELL 25 0; 2 Val ue _correspondi ng
to the one time of the initiallgér%é%xiﬁevai?%nal 5

ofPPHEESH et rtche:os ehenen&0A Rd hasHh e, evel a
t he signal S4. Further, in this case?nngE% Y%ﬁﬁyaihe

sl theaut foowative sfcdrhe aringnal nps 0GRS AR 93001 as
{héhe.5|qg%u processing unit 22 is controlled to one

[
trme ?ﬁ?@? as shown in Fig. 4B. Wen the gain of
the fipghstn&EA 43 4,5 fo be set, the

15 case, as an initial state, the gain

value of the signal processing gain in the signal processing
unit 22 is controlled to one time (n = 1) as shown in Fig.
4B. When the gain of the first GCa 13 is to be set, the
signal S4 input to the second GCA 24 must have the same
level response as that of the signal 83 output from the A/D
converter 21 likewise the previous embodiment. At the time,
when the gain value in the signal processing gain of the
signal pProcessing unit 22 is a value other than the one time,
the level response of the signal S84 is set to a lével
response different_from that of the signal 3.

Thus, the signal s4 (85) output from the signal
processing unit 22 can be set to the same level as that of
the signal S3 input to th3 signal processing unit 22 as
shown in Fig. 4B by setting the gain value of the signal

processing gain in the signal processing unit 22 to the one

time, i i i
e Note, at this time, since an overflow (excessive
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signal S4 input to the second GCA 24 nust have the

sane |level response as that of the signal S3 output

fromthe A/D 15 converter 21 |ikew se the previous

enbodi nent. At the tinme, when the gain value in the

signal processing gain of the signal processing unit

22 is a value other than the one tinme, the Ievel

response of the signal S4 is set to a |level response

different fromthat of the signal 3. 20 Thus, the

signal S4 (S5) output from<+hg7signal processing unit

22 can be set to the sane |level as that of the signa

S3 input to th3 signal processing unit 22 as shown in

FlgouthB drutsebbiigs t i lLu ;e signal ,

processing gain int£§?%ﬁ%§%§gﬁ€r 5%&%%%% {%ﬁ% sEbpgiment,

t¥ee origr28st BAp. SNotand &5 s ri kBB, £51 GE 12RQVeREl oW

(excessive 37 input) state occurs |ikew se the

previ BasdeFenibashisbdiveent ince hehsignial ¥a%3e S, 1180 a1

ag&xfixed to fhe |evel Ldr. As described above, since

tHHe FAATG P T A tHhe silgral rpeoessEingngai A20Lst Het to
hgn pr ssing uni, 2 s set to 5 the one tine as

gg%b?kge5%§§SV%fQV@ﬁﬁghPﬁeaéPﬁﬁalWQﬁQﬂ§§§sﬁﬁgnéysp€@ﬂessing

s.entir the gain

- ShawBml Bn&ind- i Al @45, vihewed_ LN | ety, ]
sggtiﬂg gt%?éuggﬁ‘du%va ent“to fﬂéjﬁﬁégnéiﬁFBYnéﬁm gain

abovenai statd ef@g@al OnFl 65 1120 -5 . ln this
state, the gain value GL of thé%$f?§F %%%?%%n?g shye with
refacedcd romitie.i o i B} @b ue until the level of the

signal S5 is made smaller than the |evel Ldr as shown
in Fﬁ%ﬂ this state, the gain value G1 of the first GCA 13 is
reduced from the initial value until the level of the signal

S35 is made smaller than the level Ldr as shown in Fig. 4

_while monitoring the level (data value) of the signal S5 by

a microcomputer 5. That is, the gain is set to the first

GCA 13 likewise the explanation made with reference to Fig.

- 2B in the previous first embodiment.

Subsequently, although a'gain is set to the second GCA
24, the signal processing gain of the signal processing unit
22 located just in front of the second GCA 24 must be taken
into consideration when the gain is set. This is because,
in this cgse, the dynamic range of a D/A converter 23 in the
same is set based on a maximum signal level when the signal
processing gain of the signal pProcessing unit 22 is set to a
maximum value; Accordingly, the gain value of the second
GCA 24 must be set such that the second GCA 24 can maximally

make use of the dynamic range of the D/A converter 23.
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~while nonitoring the level (data value) of the signal

S5 by a mcroconputer 5. That is, the gainis set to
the first GCA 13 likew se the explanation nade with
reference to Fig. 15 2B in the previous first

enbodi nent. Subsequently, although a gain is set to
the second GCA 24, the signal processing gain of the
signal processing unit 22 located just in front of

t he second GCA 24 nust be taken into consideration
when the gain is set. This i§ B8cause, 20 in this
case, the dynam c range of a D/A converter 23 in the
same i%ose% based on a maxi mum signal |evel when the
si gnal “pr @é§sPW§3‘g9a€m vafent tbesggmal o Prace SEiRYqUBEL 24 is
22:d ettt 01 fe g@xia m val ue. Accordingly, the gain
val ue of tHhe sécon TIPSO beigedf stich dihadait he

s euatd s6Ag2 4L cany graximal |y 25 make use of the dynamic
range of the O A conve{rr?teor )4_‘2'? timgy agorhawy Smpligosen.

wiidatt e, gatni of sdheasecqnd ; GEA $4is to be set, the
Si gnaIWpr ocessi ng gain of the i gnal ™" processing unit

22 setWiieh thig st iopesadsofNOVRe idY JHa9. s4Dn..lhat _is, it
is.set to a maxi numvalue. 5 Wt Thi’s 85&?3% B (e
sPYRER PrRRIAUNS oLt Be hss ghalevd 1063 SN, UNL L 22 o3
hag Qtlt?c‘)’ | twi,ce the signal S3 input to the si g%aal

pT OGess ng: Pt-9831 PRo¢Pssinmemitspace Ilﬁh&ﬂg’ﬂicﬁsgg since

t higs T 44 3..s_set, the level of the signal S
has adva l?gcééﬁél Fé]fs?h%% ¥orisesaivpl thet hevaRxéMmtBe signal

| ¥ elaslQ GRNGSCL ue r of the dynanic range
DR In responsegﬁgfﬁeya%haﬁ, %%r example, "the maximum level

(prescribed value) Ldr of the dynamic range DR. 1In response

N .
0 the level of the signal 53, the level of the signal S4

has a value that is smaller than the level Lsp that is just

twice the maximum level Ldr of the dynamic range DR although
it is near to the level Lsp.

After the above state is achieved, the microcomputer 5
_increases the gain value G2 set to the second GCaA 24 until
the level of the signal S5 is set equal to the level Lsp.

When the level of the signal S5 is set equal to the

level Lsp, it can be said that a state, in which a maximum

dynamic range can be secured, is achieved within the range
of level in which no overflow occurs conceptually. 1In
actual processing, however, the gain value of the second GCA
24 is set smaller than the state that the level of the

signal S5 is set equal to level Idr so that the level of the

Signal S5 is set smaller than the ievel Ldr by the gain



10

15

20

25

to the level of the signal S3, the level of the signa
S4 has a value that is snmaller than the | evel Lsp
that is just tw ce the maximumlevel Ldr of the
dynam c range DR although it is near to the |evel

Lsp. 15 After the above state is achieved, the

m croconputer 5 increases the gain value & set to
the second GCA 24 until the level of the signal S5 is
set equal to the level Lsp. Wen the |level of the
signal S5 is set equal to thé? tevel Lsp, it can be
said that a state, in which a maxi rum 20 dynam c
range can be secured, is achieved within the range of
vemed it menst@[yerfaﬁ | 1RGEU S cGBRE eRb I e hidm
actual processing, however, the gain value of the
eeppmingCact24lly. set smal | er than the state that the
| evel of the signal S5 is set equal to |level Ldr so

t hat &t Adorehart off tHig-25 §hgwal a ProeesHngs wrklretioman

t.he | L b he - I f th

PGBy SrevETBISs fr ORF DboeHrPidigaaPuanPysain
f. ti

é%ttl %FgﬂgEegﬁrg:ék f%fﬁ@ﬁ”%l%hp %§€§“g Cgfgﬁ%a ?gAth%’

execute roconmput ér 5
G &, 5 setting procedure explained with reference to
Figs. 4A, B, and C. In the processings executed at

S2011hotb@0fréodeddiagsf egeeeted her FAQESSI BYSS 0L NeFhe

“than that executed at step S202 are the sanme as those

fagoset edhat psoepssiSB] oftbe5104anf that executed at step

5202 are the same as those executed at steps S101 to S104 of
Fig. 3. As explained in Fig. 4B, the processing at’ step
5202 is executed to set the level of the signal 54 (85)
equal to the signal S3 when the gain of the first GCA 13 is
set.

| When an affirmative result of determination is obtained
at step S204, the process goes to a processing segquence for
setting the.gain of the second GCA 24 at step S206 and
subsequent steps, at which the gain of the first GCA 13 is
set.

At step S206, the gain value of the signal processing
gain of'the signal processing unit 22 is set to a maximum
value Gspmax. When the gain value is treated here as a
multiple number (n), which is used as‘the gain, as it is,
Gspmax = 2 is established in the examples of Figs. 4A, B, C,
and D,

'.Prpcessings at steps 8207 to S211 subsegqguent to step
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10 Fig. 3. As explained in Fig. 4B, the processing at
step 5202 is executed to set the level of the signal
S4 (S5) equal to the signal S3 when the gain of the
first GCA 13 is set. Wen an affirmative result of
determ nation is obtained 15 at step 5204, the
process goes to a processing sequence for setting
the.gain of the second GCA 24 at step 3206' and
subsequent steps, at which the gain of the first GCA
13 is set. At step 5206, the %&im value of the signal
proceSS|ng 20 gain of the signal processing unit 22
[ Sgafd L a maxi rum val ue Gspnax. Wien the gain val ue
is treatrgd REreome 28 the mixpkesniunberat nYtepthisebsi 86 5100
usﬁdﬁ the, ?ﬁ@s as Jt is, Gspmax = 2 is established
in the éxanpl 66 FOH G tRAthE Previeusl édbo@Bment .
Pr ocessbingse At S 07.tp S211 subsequent to step
40 $5206 ar e triitn%%né‘%sm% ‘ﬂ? 0SS fgsmak &% epst SE0Ghe
t gaghovalwd df Ghe3 sGOHEES g, Lo th r.evi ous
enbodi ment . Hovvever% E?ngggt% ur‘fﬁ% géku TRpRer not
§h§e¥03a350vt1h?® dgairmuval e @étéﬁﬁs@ieg{‘f% ?cesm a9 M uni t
2% whet her or not 5 the follow ng fornu
¢ BBT e dhies redebi o Hestwarn daleetripevh e, relation,
beg sthe g %g val ue VS5 of the signal S5 and th
presc bedaf}l | GBS\ erridiash v6208. ViIs5af Mekp )Sz@@pmax

Vs5 2 vdr x Gspmax

With this operatipn, the level of the signal S5 is set equal

t
© the level Lsp (actually, the level is set smaller than

the
¢ level Lsp by one Step by the brocessing at step S210) as

- described in Fig. 4D. Note that Fig. 4D is an example of a

case in which the data value corresponding to the level ILdr

is set to the prescribed value Vdr. As descrlbed above
' r

wh i
en the processings up to step 5211 are executed, the gains

of the first and second GCAs 13 and 24 are set.

It should be noted that the Present invention is by no
means limited to the arrangements of the embodiments

explained up to now.

Purther, the present invention can be also applled to a-

case in which a plurality of signal pProcessing blocks are

connected in parallel behind the DsSP 1. That is, after the
r

gain 1s set to the first Gca 13 once as described in the

embodiment, the gain is Sequentially set to the second GCA

in each of the signal processing blocks. connected in
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Wth this operation, the |level of the signal S5 is set
equal 10 to the level Lsp (actually, the level is set
smaller than the level Lsp by one step by the
processing at step S210) as described in Fig. 4D.
Note that Fig. 4D is an exanple of a case in which
the data val ue corresponding to the level Ldr is set
to the prescribed value Vdr. As described above, 15
when the processings up to step 5211 are executed, the
gains of the first and seeoad GCAs 13 and 24 are set.
It should be noted that the present invention is by no
neans limted to the arrangenents of the enbodi nents

BXpd i d1e d U R hleO r BYW. s@g)gg.urther, the present invention
can. be also applied to a case in which a plurality of

si gnalurpheecessh Ngfddt adeingdlies tBONERSIEGhdrt RAALLEEED up

behind the DSP 1. That is, after the gain is set to

Eherdy,r $theGeranBlente wsideddre bed sat tde trenbddingent

t he ggLn Is_sequentially set to the second GCA 25 in

RERAF S5O BLerlndl 1%&5{%@5&% theoB&E, 1 conrduted iinnFig. 1.
Further, in, for

Al oo Rarall el %g the rear _stage,

exapl ¢, “the” efb¥ti EHEBIAE el T®P1% FhfoRreeret
fﬁg@ﬂ@ign!gom%%cékggga(%gagéet of .the signal. processing
bl ock 4 i s added to The DoP™ AR o 97 IrPg ocgssEng
Hiowey ek, fitthér doimdiennl akeded 1 ARRY NS RLEISNL,
invention to an arrangenent in which a signa
gheoDEBsng tin otilgrias fucbesiagnpeRsdied .in series

behi nd, for exanpl e, ,

Further, although the above embodiment exemplifies the
image display apparatus as equipment including the signal
processing device based on the present invention, a display
device such as a plasma display, a cathode ray display tube,
and the like may be employed as the image display apparatus,
in addition to the LCD. Further, various types of devices
such as image recording equipment, a DVD (digital versatile
disc) player, and the like are known as equipment for
executing digital video signal processing, and the present
invention can be applied to the equipment.

Further, although the embodiment exemplifies to set the
gain to the video signal, it can be also applied to an
arrangement for executing the digital signal processing to

signals having other formats such as an audio signal and the

like,.

Industrial Applicability



the DSP 1 - the signal processing block 4. Further,

al t hough the above enbodi nent exenplifies the 10

i mage di spl ay apparatus as equi prent including the
signal processing device based on the present
invention, a display device such as a plasma display,

a cathode ray display tube, and the |ike may be

enpl oyed as the imge di splay apparatus, in addition
to the LCD. Further, various L%st of devices 15 such
as i mage recordi ng equi pnent, DVD (digital versatile
‘disc) player, and the |ike are known as equi pnent for
execu%iqg di gital video signal processing, and the
presefit &% DrPeFR bEhappt ¢ T it dnivieatéqui prentomes a
F -1 t he .enbodi nent exenplifies to set
Eho18h 8 W Wh 5585781 Ghern ek Semal.sormat are
apphiednd JARg f xecuting the digital

si gnal prgggggyﬁé{to %§F3ﬁ3|§{?é%ﬁ §rotFEFF dRdetioital
sighaaspasteaisding,Siagaahaan - ke 25, tri.al
Applicability F@42 Ag desgr%{gﬁf éﬁgﬁgﬁéthéggr %ﬁﬂﬁy the
dAvRRL$ DM efercores af Phobd /MAIN 1khat sWgN, Shana! 5 ¥ ter
an anal og signal format are input and output between
£ %‘Fo‘b’&% cPBveaxesuti agoskdyiiralthesbgbaks prog@ssiyng: as
gxggﬂgc range i s nmade i nproper by the 5 dispersion of

PFOrE ot E°¥¢GRal freveraEle aaDEAsubhvef tEre rapdodnced

& rtec _disposed in the blocks, thereby it is
poé%€%F§£€og%933?dg?t or* tedualik¥ul t of the
r epr oduced
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out put of a signal wth excellent quality. 43 - CLAIM
1. A signal processing device, conprising a first
di gital signal processing block and a second digital
signal 5 processing block, wherein: the first digital
signal processing block conprises: first gain
adj ustnment neans to which a digital signal subjected
to predeterm ned digital signal processing is input
and fromwhich the digital signal is output after a 10
gain according to a set gain "ue is given to the
digital signal; and first digital to anal og
conversion nmeans for converting the digital signa
output fromthe first gai nCA&dI¥sSt nent neans to an
anal og signal and outputting the anal og signal 15 from
the first digital signal processing block, the second
conprises:, analog to

digital sj | _processing bl ock
di Sit% fzﬂo%@ g o‘r)lr?r%%‘cl’%&f% SVIRGer EPPRE Y HEY #hdiisgt

- glignehy oM 1-!‘&:%%‘59%92?%% néé}% %ngleggngog}{%]g_g%gnﬁi&nal

nmeans of the first digl pr OCESsin
pro@&sglirgf ttalock, gnakregdhgi tal signal processing neans
for subjecting the digital signal output fromthe
anal ddet didbgi dagicanwelghialn proeassin® WIsdet iy 1eds
digital signal processing; second gain adjustnent

- meandit§twanin adiusfingintameans to which a digital signal

subjected to predetermined digital signal processing is
input and from which the digital signal is output after a
gain according to a set .gain value is given to the digital
signal; and

first digital to analog conversion means for converting
the digital signal output from thé first gain adjustment

means to an analog signal and outputting the analog signal

- from the first digital signal processing block,

the second digital signal processing block comprises:

analog to digital conversion means for converting the
analog signal output from the digital to analog conversion
means of the first digital signal processing block to a
digital signal;

digital signal processing means for subjecting the
digital signal output from the analog to digital conversion
means to predetermined digital signal processing;

segond gain adjustment means to which the digital

signal output from the digital signal processing means is




25 signal output fromthe digital signal processing
nmeans is - 44 input, fromwhich the digital signal is
output after a gain according to a set gain value is
given to the signal, and to which gain-adjusting
sensitivity lower than that of the first gain
adj ustnment neans is set; and second digital to anal og
conversion nmeans for converting the digital signa
output fromthe second gain 4#j-ustnment neans to an
anal og signal and outputting the anal og signal from
the second digital signal processing block, the first
- idipgkt af rdno wanahothe ativekail opigreans sapdepie arasal 89gd
digital conversion neans are set such that a
CEPARRIRMN, B A WhF ctith&ahiiei Fruraivahueo viltehisagaat argel ob
gLsBersjqp of errors of a signal level in the first .
Gt &P PGORRE DY COTVEL L DR TRieTs than dipdl ofothe first
$a3h984 5 (AR ENGea{BXsTUm yal g Wi thin a range of
di spersion of errors of a signal level in the anal og
to disgbbad Al StONABARS coalbrdNe Fedhal £l RCeSSLAGNg
device further conprises: detection nmeans for
thet detivg aibeeklowtgluye fobmttie sdicgntadaii gridhisoméput
fromthe second gain adjustnment neans; first gain set
"REAAsT? AP SERLPRGIENGdi ANGaP U US inHethe jansilogaf honal

i u t ans_such that.the |evel valu det ect ed
gl‘[‘lt ﬁltéged%tco . (@lgl%:a(i sa.lgnal h%rocaes%Q? nﬁ]lrﬁcgal

ecti on’’ neans "Feaches ue wthin

the kange; tASSiLARAR] A PrESGLL0ed, VAU RednStalE dhiat
a signal whose l'evel is treated as a nmaxi num value in
ahh@og to digital conversion means are set such that a
relation, ia which the minimum value within a range of
dispersion of errors of a signal level in the first digital
to analog conversion means is equal to or larger than the
maximum value within a range of dispersion of errors of a
signal level in the analog to digital conversiocn means, and
~ the signal processing device further comprises:
detection means for detecting a level value of the
digital signal output from the second gain adjustment means;
first gain set means for setting a gain value to the
- first gain adjustment means such that the level value
detected by the detection means reaches a maximum value

‘within the range less than a prescribed value in a state that

a signal whose level is treated as a maximum value in the
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45 first digital signal processing block is input to
the first gain adjustnent neans; and second gain set
nmeans for setting a gain value to the second gain

adj ust rent nmeans such that the I evel value 5 detected
by the detection nmeans is set to a nmaxi num val ue
within the range equal to or |ess than the prescribed
value in a state that a signal whose level is treated
as a predeterm ned maxi nrumvalue is input to the
first digital signal procéSéghq bl ock after the gain
value is set by the 10 first gain set neans. 2. A
si.gnal processing device according to claim]1,

WHeEEi Aigidadn sisaagabnooesthng digidkalissigpat t6 the first
changeg t.he 15 first gain set neans inputs a signa
FRoE2 T Emend MeaRpednds t he predet ermi ned maxi mum

val ue t .irst._digital_ signal processing nmeans as
vel | %%%th;%ag%lns%glrﬁ NE £ 0 pRea (99 Ykue &6 the

gBassd Sitthh ighisthent eyelnyal ug, ‘%ﬁtale.ctt.ﬁ% elebv\%(?#]r‘ﬁealt%e

detection neans is set to a maxi numva

@otecnge dyesset babedffoRRaald hedsyal us 4 r}néaxi%{‘ﬁ:f Salue
that the gain value is set to a maximumgain value in

whiehidi dilealrange ge@ba priog @S IRG sTERRS ; L1 b A1 58N Galue
gai n set nmeans inputs a signal' whose |evel s
1 eatddt8s thapradeiaadi ndaeadierain val usdted hes fa r st

254? i tal éignaj processi ng bl ock after a gain val ue
Rte (ﬁgrﬂﬁne aximum value is input to the first digital

;ignal processing block after the gain value is set by the

first gain set means.

2. A signal processing device according to claim 1,
wherein:
- when the gain of the digital signal is changed, the
first gain set means inputs a signal whose level is treated
as the predetermined maximum value to the first digital

signal processing means as well as the gain value is set to

- the first gain set means such that the level value detected

by the detection means is set to a maximum value within the
range less than the prescribed value in a state that the
gain value is set to a maximum gain value in the digital
signal processing means; and

the second gain set means inputs a signal whose level
is treated as a predetermined maximum value to the first |

digital signal processing block after a gain value is set by
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- 46 the first gain set neans as well as sets a gain
value to the second gain adjustnent nmeans such that
the | evel value detected by the detection neans is
set to a maxi numvalue wthin the range equal to or

‘less than the prescribed value 5 in a state that the

gain value is set to one tinme in the digital signa

. processing neans. 3. A signal processing nethod of

executing first digital signgl processing and second
digital signal 10 processing, wherein: the first
digital si gnal processing conprises: a first gain

re to which a digital signa

t g
%;LLJ xS eg ?%r %f%aﬁt%ﬁﬁw&- Y&ilgi El S%F@n@lgaﬁ’oé@égpngo the
'é%dd&@ubaiﬂdaﬁﬁhggm&hy%%aﬁsggh %ﬁ %W%I va&ue

gain 15 value;"and a first dlm

cliteersloby ptpe gl & iQh m@QH¥e£L'QQtt{53é“ﬂ¥ Eﬁhm value
signal obtained by the first gain adjustnen e

priébédutket vange ampladg tei gpale 88 dthish Nghd fgﬁesa%b@& jralue
signal as an output fromthe first digital signal 20
6Po€e§§?ﬁ@ thae Hecgedndigltel isignaltproeessngdin the
%ongg i gﬂ anal og to digital conversion procedure

6P > A3 h PHIResSEARE et gnal obt ai ned by t he

digital to anal og conversion procedure included in

the first digital 25 signal processing into a digital

signa,; a signal processing method of executing first
digital signal processing and second digital signal
processing, wherein: |

the first digital signal processing comprises:

a first gain adjustment procedure to which a digital
signal subjected to predetermined ‘digital signal processing
is input and which gives a gain according to a set gain
value; and

a first digital to analog conversion procedure for
converting the digital signal obtained by the first gain
adjustment procedure to an analog sighal and using the
analog signal as an output from the first digital signal
processing,

the second digital signal processing comprises:

an analeg to digital convérsion procedure for
converting the analog signal obtained by the digital to
analog conversion procedure included in the first dlgltal

‘signal processing into a digital signal;



- 47 a digital signal processing procedure for
subjecting the digital signal obtained by the anal og
to digital conversion procedure to predeterm ned
digital signal processing; a second gain adjustnent
procedure to which the digital signal obtained by the
digital signal processing procedure is input and
which gives a gain to the digital signal according to
a set gain value, the secondggaiLn adj ustnent procedure
havi ng gai n-adjusting sensitivity |lower than that of
the first gain adjustnent procedure; and a second

digita ; I n L on. dure far_ cqnverting
the di gt e onar anParaedull BREE SR s ARNRS
adhesd pinta 1 ps 0geAUIR thonad @ﬁﬂ&!h@gaﬁhmltoaﬁq ital
outputting the analog signal fromthe second digital
sFgPEtr Prodcessterpnnitt, pwhéstsiminkea digall prLgsessi ng
nmet hod further executes: a set procedure for setting
aPT et 8’ such that the mninumvalue within a range

of di sper.s] . errars, of signal level .in a device
Rovnend Oorfiebefind aiiditoe (Uitreh e Hifas

corresponal

CONYRAISicRR aPHOE AU Bl §1§OUA i9n9f ﬁfgég%%ihpagréégagre is

maxi mum val ue wi thin a range of “di spersion of ‘error
ofnput singnahitkevglveisnaagaayviee teer e§eNdisAgni 0 4@ rding
analog to digital conversion procedure; a detection
pFockdifite IR oR trditieet gy sedcadebaimlasduetmetie prdicgiluad
Sh&%&%q %%E%Lgﬁ?ﬁggf%G'Eggsf§?¥yy§ %g&égzﬁﬂa%sggggtof the
first gain adjustment procedure; and

& second digital to analog conversion procedure for
converting the digital signal obtained by the first gain
adjustment procedure to an analog signal and outputting the
analog signal from the second digital signal processing unit,

wherein the signal processing method further executes:

a set procedure for setting a relation such that the
minimum value within a range of dispersion of errors of a
signal level in a device corresponding to the first digital
to analog conversion procedure is equal to or larger than the
maximum value within a range of dispersion of errors of a
signal level in a device corresponding to the analog to
digital conversion procedure;

a detection procedure for detecting a level value of the
digital signal obtained from the second gain adjustment

procedure;

a first gain set procedure for setting a gain value to



procedure; a first gain set procedure for setting a
gain value to 48 the first gain adjustnent procedure
such that the level value detected by the detection
procedure is set to a maxinmumvalue within the range
l ess than a prescribed value in a state that a signa
whose level is treated as a maxi num value in the
first digital signal processing is input to the first
gai n adjustnent procedure; and 48 second gain set neans
- for setting a gain value to the second gain

adj ust ment procedure such that the | evel val ue
debectiettbyal headiptseeknanp ps@ordd eufeachas t&e MMM
value wthin the range equal to or less than the
preses idsEactaf Uy tihe deseation rarcadsignia S\Mlose Ehevel
is treated.as a, rede%grn1ned maxi num val ue i s i nput

t S THET PSS bt gRaPe procesErAgE BPRICAPERr value
th@ HAB UYL 15 SGhaBYADG st 9L S8 a5 4 maximum

procedure.
value in the first digital signal processing is input to the

first gain adjustment procedure; and
a second gain set means for setting a gain value to the

. second gain adjustment procedure such that the level value

detected by the detection procedure reaches a maximum value

within the range equal to or less than the prescribed value

in a state that a signal whose level is treated as a

predetermined maximum value is input to the first digital

signal processing block after the gain value is set by the

first gain set procedure.



