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- 1 - DESCRI PTI ON SI GNAL PROCESSI NG DEVI CE AND S| GNAL
PROCESSI NG METHOD 5 SO5P0772 Technical Field The
present invention relates to a signal processing
device and a signal processing nethod that mainly set
a gain for, for exanple, a video signal, and the

i ke. 10 Background Art In the field of equi pnent

i ncluding an i mage di splay apparatus that requires
video signal processing, the video signal processing
is generally executed by aigifal signal 15 processij
due to w despread use of chips and devices cal | ed® §§%ﬁ72
(digital signal processor). Fig. 6 shows an
“arrangenent of an i nag@®ESC8PFPAYON appar at us having a
LCD (liquid crystal display) as a display device as
an exanpl e of equi pnent for executing video signal 20

gﬁgﬁﬁsfhn?hgyffggﬁg§ .ﬁ@%ﬁ%ﬂi@bEggEgﬁg XQWSFE . one

chip or one deviggg %Gn gessgry signa

processing to an |nput igital eo signal by a

signal processing unit 11 forned in the chip or the

devi ce. The 25 signal processing executed here is
Tebrgiitcall sigbal processing. - 2

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 cailed
DSP (digital signal processor).

Fig. 6 shows an arrangement of an image display
apparatus having a LCD (liquid 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.




10

15

20

25

SO05P0772 The DSP 1 outputs the digital video signal,
which is subjected to the signal processing by the
signal processing wunit 11, to the outside froma
termnal Ti after it is converted into an anal og

video signal by a D/A converter 12. 5 In this case,

the termnal Ti 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
anal og video signal outputzfron1the tern1na| T1 of

the DSP 1 is input to the LCD drive circuit 2 thOUfh 72
the termnal T4. 10 The LCD drive circuit 2 creates a
Tde i 2P st gnadpufcer thelrdig ngplarvikde€d 8ifoal divepldy ibased

on the anal og video _signal input thereto and outputs
5‘%@‘6‘?‘?%&% flaF1¥R®n REOFeSS R HabyY TEhe | qulfﬂls P&gsessing

the %Las at |SBF£§1%%n eCt%gﬁ%%Fﬁﬁaa {R? T6 ggFtrg
é‘ftéoo e % ﬁf&%"@fé&% %ﬁéﬂ%gai% /ATQ:%nlngtg’

IvesS a pI xe respons IVG

i npu:tn EEQEGEQSeWﬂHé thi-siaRer ai i of, tﬁeh@slpc@ 3s connected |
di spl ays an i mage according to the video signal.

td ncientialallyT4i &f i 4 assured vehat rébet IZTEtgﬁh]_cﬂ)Isém ay &fe
apparatus arranged as shown in, for exanple, Fig. 6

dettiste B kembdpf | alr soxantpdee, athovesP vl dedissisgpyakhe analog
processing function can be added thereto. It is first

Jé%ﬁﬂ eﬁ%@lﬂé e@UERVY eifeie thenéepanal (Bl peéha PRt hels
S SRLORCFOVEN . LETRIN Lok aes 12,2050, o
i k%‘heAﬁEQrcﬁu‘Jﬂ% 3611:%?@ Ehgrgygégl C%ltrjl% §gna§ for
driving an LCD 3 for display based on the analog video
signal input thereto and outputs the drive signal from a
terminal T5. 1In this case, the terminal T5 is connected to
a terminal Té6 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 therete. 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. & 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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SO5P0O772 not executed on a large scale, there is a
di sadvantage in that an effect such as an appeal to
users and the |like obtained by the nodification does
not worth the cost increased by renmaking the DSP 1. 5
In this case, there is enployed a nethod of nounting
an external circuit (chip, device) that corresponds
to the novel video signal processing function.
Further, when the external circuit is conposed of an
anal og circuit for execufi Ag-anal og video signa
processing, a di sadvantage 10 arises in that a ciS%edP? "2
size is increased and dispersion and the like of a
ncgi gralcukedebn ar elaalgso sicadeeaskdre Thus, dikadvsntage in
preferable to arrange the external circuit so as to
thateetit 8L8PGFt BCIsidgnar pPBEasstAgismisgand Shewsth
i mage dj spl ay appar.atus on which 15 nounted i s an
OBERUBFAaPY oF Re I CARpLCRedPEs) naT MEHEEA D “¥Kbcut o
. 1 Lgital  sj I c ing as described in the
lnf%??%?gn%?hﬁéﬁéggaﬁeQ%%a?§§ig'Fig. 7, the sanme portions
as 1Hhoses idhdd,0cnbrar £5 ARt BA DY hbensans: rnra‘&l(rjt% San

nunmeral s, and the explanation thereof is omtted.
exkarhBe tipge:di G pligy appacal ushsShawrreBpbhd@s ftgue a

signal processing block 4 as an external digital
nogegnuideproigasdi pgocessing fwhitgondeviee)hdrs when the

i nterposed between a DSP 1 and an LCD drive circuit
exgeraphcel BCHET risnaPTIeset ehertsigrarIpFoE@sst NPl ock

4 is. 25 connected to,a tfrninal Ti of the Q?P %{ an
exgﬁg?bﬁgv? 0g vjdeo signal processing, a disadvantage
arises in that a circuit size i1s increased and dispersion
and the like of a signal level are also increased. Thus, it
is preferable to arrange the external circuit s¢ 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
DEP 1 and an LCD drive circuilt 3.

Since a terminal T2 of the signal processing block 4 is

connected to a terminal T1 of the DSP 1, an analog wvideo
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SO5P0772 signal is input to the terminal T2 after it
is subjected to signal processing by the DSP 1. As an
i nternal arrangenent of the signal processing block
4, first, the analog video signal input through the 5
term nal T2 as described above is converted into a
digital video signal by an A/D converter 21 so that it
can be subjected to digital signal processing
internally. Then, video signal processi ng
corresponding to a specific*function is executed b
the digital signal processing executed by a 10 s§8ﬁ§p772
processing unit 22. Then, the digital video signal,
sigmadh issispif eot ethet detrheénsgl ghalafireocessingsalgjected to
descri bed apove, is converted into an anal og vi deo
SignGAaPrBye B A L 5eePEBr123 so that it can be input

to an LCD drive circuit 2 anqgk en outgtt froma
teriPndl FEORE CEFATARTCRS AT T8 EORRRLIRP T %49
o1id m4”aki%s4t,°ftﬁé‘%1nla% dri &, Céirc%}%lt i uat PRL&DRY, the
anal o§ video signal isinput to e L rrve Ircuit

teAmiihal ef2 tHs JapANeseUas A Ned-RatkerbdARPREL CAtd Qi tal
Publicati on No. 10-336547). Incidentally, the signa

- vigle@Cesshay Wl ek M D Rohhiertad Jimage aksphaycappas at us

shown in Fig. 7 includes cells of the A/D converter
supjeghddtte dyodtedneesrel RPosestihgt interwopley wi Thean

input/output of the analog video signal while _
Viggachl 9y tOSASEEHIs FHREF SRATOEESsERg 2t Refel ft dyf ué ion

jjﬁg ita o i n; g roces I ng. Fur&h%%,skn t he é b

a2 dbed dna e S8 S8R ohinat Rrgeess Ho erTe St oy &
si%ﬁQYeﬁiégeég%nhsuﬁh%°2§953§E3§ the digital video signal,
which is subjected to the sigﬁal processing as described
above, is converted intc an analog 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
cennected 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).

Incideﬁtally, 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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included in the DSP 1. Accordingly, a systemof the
i mge display apparatus shown in Fig. 7 has the cells
of three sets of the A/D converters and D A
converters inits entirety. 5 As an actual matter, it
is known that the cells of the A/ D converters and the
D) A converters of these devices have dispersion
(error) in input/output signal |evels (data values in
a digital signal). Di spersign of the cells of the A/D
converters and the 10 D/A Converters is guaranteed %9
that it is wwthin a predeterm ned range. FbmeveﬁO5P 72
when the nunmber of the cells of the A/D converters
ingddidelde iy phe oiRerlt-er 4cconAbryl) teo syeaeh of hidre jimage
series increases as shown,in Fig. 7, an error _ of an
[

dI5PdAyl PPRAFAT VRIS LGN Al It ¥ €3S ither £82¢S. OB $he
5 er [ eases as _descr,i above, an original

soigndn ooy A0 PSR- -Ho%80 BEF, SRRt 2 Pbicause,

erdtQre@yample, a data value (level) tends to overflow
(exceSsively input) or a signal level is nade too
snmahk. aWait aas mheear deseribachanoveaw Lhe bee EXPlA Red
with 20 reference to Figs. 8A B, and C. First, Fig.

~ A/BAcshowstar<asel ithewbdi/2hcbhee thanicd rtange déwbxdsnhave

output level) of the DA converter 12 in the DSP 1 is
dippergafe &viNe dynanPet/aageuy rdbermdmlerpls (@atd ) of
the A/D converter 21 of the signal processing bl ock 4.
VagBePnan g3t Vididde S6FRah) t nput signal S1 (output froma

i 6Di§%g¥g{€£20f 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 the 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 {level) tends to overflow .(excessively input) or
a signal level is made too small.

What has been described above willAbe expiained with
reference to Figs. B8A, B, and C.

First, Fig. 8A 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 signail 81 {cutput from a
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signal processing unit 11 in Fig. 7) of the DA
converter 12 is set to a level Ldr that corresponds

to the dynam c range DR of the A/ D converter 21.

Then, a signal S2, which is obtained by converting

the input signal Si into an analog 5 signal by the DA
converter 12, has the | evel Ldr because the dynamc
range of the D/ A converter 12 is the sanme as that of
the A/D converter 21. That i.s, this case is in such a
state that an ideal dynam & range is secured in which
an i nput signal having a 10 maxi num value is kep3(05§§772
it is without overflowing. In contrast, Fig. 8B shows
sreds priogewkiioh wivet dyindmi €1igr aieof nebd M cohpetter 12
| evel) of the DJA converter 12 in_the DSP 1 is_|arger

13 (R8T (e 2dyRERT CLHRNGE o FREFRERPRADULC |EPeFynaBic (Frnge
21 of t I bl ack 4 .
AR ot 00 G TED
h
A

sfgﬁﬁ\lebar EgetbﬁAlmwe&bgn@b Shabavidag ke Lsye;beémse

into the analog signal, is output in a level La higher
tHeha@anbhec| exefe 0 dh@dr DIA sbowWartdr tilre ifsi gueesahd 4i S
case, even if the signal S2 is input to the A/ID
thednedr the 21D sinwserteme2level of the signal S2 exceeds
the dynam c range of the A/D _converter 21, the data
val Eléa figy fé}lg%né:la%u%ﬁu%nf%% e tatD thaben érde?ﬂ—
ows. 25 Further

dl&nﬁmla haR¥R SHsPorFeY lﬁn %l‘?’i*ra%& rﬁﬂ%u%ufﬂsﬁ?ajr eve‘fl)n‘-’bfa
mé%ﬁﬁm&y@%f&@vf%tﬁabtl%s'Qttpg 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
DSP 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 laréer
dvnamic 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 level La higher than the level
ILdr as shown in the figure.

In this case, even if the signal SZ is input to the A/D
converter 21, since the lewvel of the signal 52 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. BC shows a case in which the dynamic
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DSP 1 is snaller than the dynam c range (maxi mum i nput
l evel) of the A/D converter 21 of the signa

processing block 4 as a relation to the dispersion of
error. 5 1n this case, since the DJA converter 12 has
the smaller dynam c range, the signal S2, which is
obt ai ned by converting the input signal S1 having the

| evel Ldr into the analog signal, is output in a
| evel Lb smaller than the |level Ldr. 10 The signal S2
has a small level in corresgondence to a difference

of levels Ldr - Lb with respect to the dynamc rERFL772
of the DDA converter 12 regardless that the | evel of.
rdfmee simgxaluS2ontsitt Heverli)gofiakhy Dok . cobhvatrties, 12hen the
dynami ¢ range cannot be sufficiently secured. 15 As
D%!%slcrﬁsbéalaé%@i&e?h%m@h(ﬁ syepnienrenger e ighmt hapukel | s
verters and_the A/ D converters appears

of the DJA co
R % Vi T hHFANEe PAntRe | ¥ Iéde PFRERDPERY as

o836 hedaabove,  Jhi.s, 51815, appears, as a phgnonenon.
of - exanpl e, deterioratron of Sotarization. 20

Di sghosui e &fsd,he hpventlof, Lccordingly  »an sl anal
processi ng device of the present 1invention is

srflNaRgagnasi desaiddiednbekoynsn SPHNSHRMALEOBLPiindd®y
probl ens descri bed above. 25 A signal processing
cadpeircengctioe dimgitt ¢ighelpsesemting heSASPEI7RAr into the
i nvention conprises a first digital signal processing
an@legk signal, is output in a level Ib smaller than the
level Ldr.

The signal S2 has a small level in correspondence to a
difference of levels Ldr - Lb with respect to the dynamic
range of the D/A converter 12 regardiess that the level of
the signal S2 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 phenomenocn, for

example, detericration of soclarization.

Disclosure of the Invention

Accordingly, a signal processing deviée of the present

invention is arranged as described below in consideration of

the problems described above.

A signal processing device according tc the present
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and a. second digital signal processing block. The
first digital signal processing block conprises a

first gain adjustnent neans to which a digital signha

5 subjected to predetermi ned digital signal processing
is input and fromwhich the digital signal is output
after a gain according to a set gain value is given

to the digital signal and a first digital to anal og
conversion neans for converting the digital signa
output fromthe first gaim 1 -adj ust ment neans to an
anal og signal and outputting the analog signal f¥&m0772
the first digital signal processing block. The second
idvgnt &dn sicgpal speoeessiag dilgdaklcenpri s esraresanialgogl bek
di gital conversion neans for converting the anal og
a5fighatevurchdi ot fam & henall gincglessdnanial @gk conver si on
means of . 15 the first digital signal processing, bl ock
to aif §PF§F Hyhzdl Slahcdi PaPCeI Y PrEdeSSRE: ars

f subj ecti.ng.the. digital signal_output framthe
fzé%é 0 abl]tno a&ijﬁlg{;% n%orﬁ%%}ss?téjn Wlh?‘rggn% #%i)%aeldestlgfl ned
O » . . . ! . h

gt i et S T
16hgt taald Firghaknh PEOCESS| At iFRANS i §Sal NP toutgems £} ch
the digital signal is output after a gain according to
gaisecqgaidinyatoea i setgigeeim tvaltiheisigivadn @ndheodwhi cdl
gain sensitivity lower than that of the first gain
shijasstameng fheahsdic ek toapdabogecombmiigin akang for
'analo%_conversion 25 means for converting the digital

C QTG Hut- Pt T Foi t e nad o3pBph 7472 detboria ghi #eLn
ac?jdllsl'!csﬁeqﬁn}neggsa nﬁc’o taon aanna %aql gggﬁégnaarlld ao%q:putting the
analog signal from the first digital signal processing block.
The second digital signal processing block comprises an
analog to digital conversicn 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, a digital signal processing means for subiecting the
digital signal output from the analog to digital conversion
means to predetermined digital signal processing, a second
gain adjustment means to which the digital signal cutput
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
sensitivity lower than that of the first gain adjustment
means 1is set, and a second digital to analog conversion

means for converting the digital signal output from the
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outputting the anal og signal fromthe second digital
signal processing block. In the above arrangenent,
the first digital to analog 5 conversion neans and
the analog to digital conversion neans are set such
that a relation, in which the mninmmvalue wthin
"the range of dispersion of the errors of the signa
level in the first digital to anal og conversi on neans
is equal to or larger than the maxi mum val ue within
the range 10 of dispersion 8f -the errors of the signa
level in the analog to digital conversion means.S05pP0772
Further, the signal processing device conprises a
seleieridsaon raqostiart delect itBgah hendlexelsivakueani t he
digital signhal output fromthe second gain adjustnent
outrartsirg thesandbgaiigredt fmemnthd grecoetdt digisagasignal
value to the first gain adjustnment neans such that
PRIE PG PYafkie detected by the detection neans is

t_t [ I ithint , th
o e3br FRRC UG ANISEF At THac L0l Gndf ERhott STL0
cdrivels88h e 255 _aax{@ﬁh’é“ gk\él% b il [:?)Evg%:g!i.tt)ﬁlmea%%
si gnal processing block 1'S Fnput % ThefiTs gain

arddisus! BBBL PRANS ANE13086COoRAIAH 36! nTRASM I PL1ue
setting a gain value to the second gai n adj ust nent

wirtkdns tadchatdiatoft e spke¥ebnvat ughdetreet-edobythdesignal
detection nmeans is set to a maximumvalue within the
levaAgaeneghal fistordiliess 1t hanardhkeeR Fopvessipheteyasd Uiss | n
a state that a signal whose |evel is - 10 A SO5PO772
eqeﬁaéaFedoasl%\rﬁre&gﬁ@& PRl FEIARLYEl HETREN Hptittaree
oftggspersion of the errors cof the signal level in the
anélog to digital conversion means,

" Further, the signal processing device comprises a
detection means for detecting the lewvel wvalue of the digital
signal output from the second gain adjustment means, a 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 is set to a maximum value within the range
less the a prescribed value in a state that a signal whose
level is treated as a maximum value in the first digital
signal processing bloék is input.to the first gain
adjustment means, and a second gain set means for setting a
gain value to the seccnd gain adjustment means such that the
level 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
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first digital signal processing block after the gain
value is set by the first gain set neans. Further, a
signal processing nethod is arranged as 5 descri bed
bel ow. First, the signal processing nethod of the
present invention executes first digital signa
processing and second digital signal processing. The
first digital signal processing conprises a first 10
gai n adjustnent procedure to which a digital signa
subj ected to predetern ned H?thaI si gnal processing
" is input and which gives a gain according to a s&t05P0772
gain value and a first digital to anal og conversion
typraacedase af predetaneiiddgakheudi galed i ghghtobd atmned
by the first gain 15 adjustnent procedure to an anal og
figisinalicanglusiagal hrocesstiog bigehl a & rartheupplin Yabm
the first digital signal processing. The second
l%ﬂ%ﬁttgw §P@ngFrﬁFdE@§S@ﬁ§ B8APPi ses an anal og to
?ta£ converglonlprocedure for onvertlng t he
ana 858Fghat DIPEIMBACHYS T H i 4 o hhAEY 4%
dég@;{ggalgglg%ocedure included in the first digital
signal processing into a digital signal, a digital
si gpa) s Py 0BRSHiNGaAr fE8ENE £ind HetHH 68t ERY fheent
digital S|gnal obt ai ned by the analog to digita
ircenvepsi erepuoeedirett dipt edet e ghaie brdicgstahg saghal
25 processing, a second gain adjustnment procedure to
segiendhditistal 191 grg05P@PERssihgi tal signal obtained by

t he d|g|tal si.gnal _processing
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 tc a set gain wvalue
and a first digital to analog conversion procedure for
converting the digital signal obtained by the first gain
adjustment procedure to an analog signal and using the
analog 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 cbtained by the digital to aﬁalog 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 prdceduke to predetermined digital signal

processing, a second gain adjustment procedure to which the
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procedure is input and which gives a gain by gain
sensitivity lower than the first gain adjustnent
procedure according to a set gain value, and a second
digital to 5 anal og conversion procedure for
converting the digital signal obtained by the first
gai n adj ust nent procedure to an anal og signal and
outputting the anal og signal fromthe second digital
signal processing unit. The signal processing nethod
further executes a set 10 Procedure for setting a
such a relation that the mnimum value within tB§5P0772
range of dispersion of the errors of the signal |evel
diditwaldeyyagl cetfespandiyngntodi fecdl rsSiigndilgbtatesding
anal og conversion procedure is equal to or larger than
prdwedwei framM Vvl ueaw tWhiieht bévearngeyadin diyspeisi on of
the 15 errors of the signal level in a device
SHBYItegpEHal PHL Y o-hidte thenAL 6§t t B2 ¥ Fidjalsteent epseenture
rocedure, a detect,on rocedure for detecting the
AT N af fie? o AT JPERF S8 Giral oS L B L
' ' r d . f ' et
o SoF Lt P L SRR B B irefagly £BE BRI
si%@iaﬁ agbustidendy Receduce gyuch 1hals g E}!&I:e H&o an
etected by the detection procedure is set to a
anEogM iynyBl 418l Withivttihg tleagdiess stihaad prasciHded
value in a state that a signal whose level is treated
segond pagiaimsimlale proceheifig netitdi gi tal si gnal
processing iis input to the 25 first gain adjustnent
pr oL UTIERedN B raCSEE bR RRlIPS driBaRsesequtesses5PeR72

for setting a in value to the secon ai n adj ust nent
procedure fo set %ng a such a relaé%on tgag the miﬁimum

value within the range of dispersion of the errors of the

signal level in a device corresponding to the first digital

to analog conversion procedure is equal to or larger than
the maximum value within the range of dispersion of the
errors of the signal level in a device corresponding to the
analog to digital conversion procedure, a detection
proéedﬁre for detecting the level value of the digital
signal obtained by the second gain adjustment procedure, a
first gain set procedure for setting a gain value to the
first gain adjustment prodedure such that the level value
detected by the detection procedure is set to a maximum
value within the range less the a prescribed value in a
state that a signal whose level is treated as a maximum
value in the first digital signal procéssing is input to the

first gain adjustment procedure, and a second gain set means
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procedure such that the | evel value detected by the
detection procedure is set to a maxinumvalue wthin
the range equal to or less than the prescribed val ue
in a state 5 that a signal whose level is treated as a
predeterm ned nmaxi mumvalue is input to the first
digital signal processing block after the gain val ue
is set by the first gain set procedure. In the above
respective arrangenents, a digital signal 10
processing systemis constrb%red by the first digital
signal processing block (first digital signal  S03P0772
processi ng) connected in series to the second digital

for gnaltipgoeessimgvdilweck o (hecendosi gidial =RijgRalhent
processing) as well as an analog signal is

PXecase teght herebetandaveds veane bée fannstl favorkbehat 15
the O A conversion function and the A/ D conversion

A RPN PIQF%dWFﬁ ér5p0°§éa YeBVERRLIHSE ITa1TEe MisERE. thfen
a a|n | 0 i,n th arrangenent  as . described

Dtel, 8 OF 8% hRmendl BB r%@nd T oFanges grate
tl’ft:(lal‘cS %erssﬂgggl O'Lhcggga J%.'Veq_r S:’LSOfc Q@e&' llzjr% ltegfnl Qc?

A 20 ¢onversion function |rst to ana

maz&m(ﬁf ¥a0e B utPreCeadr 9)19’@ dlhgeltfaur sl ek g tal
signal processing block side is set larger than the

pmEDdsEimgval oek vi fiteim thize gatangelwf ii Sper dSiyonhef £1te
errors of the signal |level of the A/ D conversion

gfigneeitonreeeduie second digital signal 25 pr ocessi ng
bl ock side. As a result, it can be securely -

SO5BBT72° FhWFeAtERSEhaT® & THAFEPESm ﬁh%lwwl signal

pfg%% % %50Q gég%ﬂfém%o%structed by the first digital signal

processing block (first digital signal processing) connected
in series to the second digital signal processing block
(second digital signal processing) as well as an analog
signal is transmitted therebetween as can be found from that
the D/A conversion function and the A/D conversion function
are interposed between both the blocks.

Whep a gain is to be set in the arrangement as
described above, first, the minimum value within the range
of dispersion of the errors of the signal level of the D/A

conversion function (first digital toc analog conversion

- means/ procedure) on the first digital signal processing

bilock 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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the first digital signal processing block to the A/D
conversion function on the second digital signha
processing block falls short of a range. 5 Further,
first, a gain value is set to the first gain
adj ust nent neans/ procedure such that the |evel value
detected by the detection neans/procedure is set to
the maxi mumvalue within the range | ess than the
prescribed value in the state that the signal whose
| evel is treated as 10 tHhe bt edeterm ned maxi mum val ue
is input to the first gain adjustnent S05PG772
nmeans/ procedure. After the gain value is set to the
pAdvesitegaithaadgnisinmertt freanshpr DERdturereas idasuhbetbn on
above, a gain value is set to the second gain
tﬁﬁnﬁkﬂﬁﬁeﬁﬁglh@hn%#Qﬂadc@@@ﬁ@sgyéﬁ hivatk tthe thevaVDval ue
detected by the 15 detection nmeans/procedure is set to
C%Vﬁéﬁ.lﬁanﬁ%%b%%me FRECPANGEI Equtals 10834 PFeSeSsing
n rescribed value in the state that the
bldyi FE§ gsgo'%ﬁé 9 §%P6ated as the pr edet er m ned
max I inp 0 fii digi S| -
proﬁ’gﬁﬂ%ﬁ} il ?ké%mlée‘f“%% i SR 6 %
adj@sthenti hsindcvecond gabn t1adl UslN®BLel value
nmeans/ procedures based on the | evel value of the
dediegitbdl bgi gnaldamease ogampans/seicdiprehésf sest tanthe
second ai n adj ustnent nmeans/ procedures. Wth this
NagPHBRRL V@%ue i i titime toraranghateshehgai hbe apee:%tilw
escri bed above, a 25 dynam c range as large a

vali8siBl EMe At A6 SRRk hBB S197R1 SUuReTFoVe} obar theed s
th%hSeréPS¥§Hﬁ£E %%x&ggmegg9£§ fg fﬂy%tskgngkelgv§gt gain
adfustment means/procedure. After the gain value is set 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 is input to the first digital

. signal processing block likewise.

Here, the gains are set to the first and second gain
adjustment meahs/prccedures based on the level wvalue of the
digital signal whose gain is set by the first and second
gain adjustment means/ procedures. With this operation, 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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in the DA conversion function on the first digita
signal processing block and in the A/D conversion
function on the second digital signal processing
bl ock. 5 Brief Description of the Drawings Fig. 1 is a
bl ock di agram showi ng a configuration exanple of an
i mge di splay apparatus as an enbodi nent of the
present invention. 10 Figs. 2A, B, and C are views
schematically showing a procedure exanple for setting
a gain as a first embodiment? ~Fig. 3 is a flowhart
showi ng a processing operation for setting the gdidf0772
as the first enbodinment. Figs. 4A, B, C, and D are
ragews eschehat dtabdns ishowitngha eibops acediee segaapl evels
for setting the gain as the first enbodinent. Fig. 5
in sthe /dweharershow gcaipnoeesshe gl opdr digdnalf orgnal
setting the gain as the first enbodinent. Fig. 6 is

: a
P%ﬂ?ﬁﬂ?léﬁaﬁﬂﬁﬁ¥s?ﬁﬂm%ﬂ;tgecéﬁpi@%P%ﬁ??ﬂ?n FOPERARPI _1 ofhe
an_ i e.display apparatus.as conventional equi pnent

S?ﬁegyrggglmfih553%§}33ﬁ§C§§5%ﬁ?eb€?%%b si gnal
processing. Fig. 7 is a block diagram show ng an
arrangenent of the inmage display apparatus shown in

B DBstQiphieh & LiHgN@kaw2BgPr ocessing bl ock is newy

added. - 15 SO05P0772 Figs. 8A, B, and C are views
expFagni hgi=a phdnekeddagram showing a configuration

examplé of an image display apparatus as an embediment of
the present invention.

Figs. 24, B, and C are views schematically showing a
procedure example for setting a gainr 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 prccessing 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
eguipment 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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which a dynam c range is deteriorated due to

di spersion of error of the signals of cells of DA
~converters and an A/D converter in the image display
apparatus shown in Fig. 7. 5 Best Mde for Carrying

Qut the Invention Fig. 1 shows an image display
apparatus as an enbodi nent of the present invention.
The i mage di spl ay apparatus includes an arrangenent

as a signal processing 10 device based on the present

i nvention. Although the ‘enbddinent is explai ned
exemplifying first and second enbodinents that rﬁﬁﬁ?Q£72
different gain setting procedure, the arrangenent
showfigisn BRg.Bd arsd commrenviews hexplastirand pBeconshon in
enbodi ments. 15 A signal processing system of the
whelye dveprag raﬁ@%rﬂa% Feterdnmatradt fee fiquierpre i adest

B et w2 2ok TeaeI1uAen B hesoare dadny ot A/

GRS T8, A0SR b e, Lgnal PUOcBRkr g ChOEk 4.

as i ndependent chips or devices, respectively. In t he
above arrangenent, the DSP 1 is connected to the
Be&d tgnRldepFogessi ngiy) aelke 4nthrpughtig@fmnal s Tl and T2,
the signal processing block 4 is connected to the LCD
dri ¥égei ¥ cghaw arhrivagh despdanlappE3at2s amdad4, and
the LCD drive circuit 2 is connected to the LCD - 16
SIOESiBgERE 08 £ GUGTSREr MR EIE. afdeTérage display

apparatus includes an arrangement as a signal processing

device based cn 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. 1In the above arrangement, the DSP 1
is connected to the signal processing block 4 through
terminals Tl 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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In this case, the interior of the DSP 1 is conposed of
a signal processing unit 11, a first GCA 13 (gain
control anplifier), and a DA converter 12. The
signal processing 5 unit it outputs a signal SO (in a
format of a digital video signal), which is obtained
by subjecting a digital video signal input to display
an imge to various required digital signal
processing to the first GCA 13. The first GCA 13 sets
a gain value Gl indicated by a control signal output
10 froma nicroconmputer 5, makes the gain of the 34956772
digital video signal (SO variable, and outputs it as
3atisrgnal t8imindbs €T3 hatd Jience the first GCA 13 is used
to adjust the gain of a digital signal, it can be
conpgés&lia e piieedndsdiehect [the Dfded t6, composed of
exanple, a digital value. 15 The signal_ Si qutput from
at?w‘egr%lr SEOBLRTIR i P i hpdr Bofifhk Ior@érPeFo18 Und

verted Lnto i gnal.__S2 as..an nal_og_vi deo signa
T d ot b VARG UFarREna T STReISt ghaT s g
Wl put Lephhe 4 efimnal sh (i8 LNRWLdio dihe LepTteal vi e
of the signal processing block 4. 20 The i mage displ ay
saRRANgt Wa1 N0 dutdHirkd byWash e PUS Y o6 @aPOSLLLHT ,
for exanple, a DSP 1, an LCD 2, and an LCD 3. That

signali tinpas tonpiogEd hrnodntye ngpe theer isiugnakgupred edisi g L

block 4. In this arrangenment, a termnal Ti of the
sipggR 1] PRASeBDHIR diedhico Tarebr@izndl3 - TAThE £hest @52didbBve

25 circuit thereby .a signal S2 as an anal og vi deo
Ses‘%sgr?alga-lnl‘?élﬁ)ﬁﬂofﬁlcéﬁﬁ utY 13 GRYHE 1D8PIR2 hal  §3iPut

fgéﬁ %h%iggg%égéﬁgééﬂglc%gke% the gain of the input digital
video signal (80) variable, and outputs it as a signal S1.
Note that since the first GCA 13 is used to adjust the gain
of a digital signal, it can ke composed a multiplilier and the
like used to, for example, a digital value.

Tﬁe signal S1 output from the first GCA 13 is input to

the D/A converter 12 and converted into a signal 82 as an

‘analog video signal which is output to the terminal Tl1. The

signal 82 ocutput 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

previcusly compcsed of, for example, a DBSP 1, an LCD 2, and

an LCD 3. That is, it was composed by omitting the signal

processing block 4. In this arrangement, a terminal Tl of

the DSP 1 was connected to a terminal T4 of the LCD drive

circuit 2, thereby a signal 52 as an analog video signal
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as it was. A reason why the DSP 1 was arranged to
output the anal og video signal was based on the
condition that the output fromthe DSP 1 was input to
the LCD drive circuit 2. 5 The signal processing bl ock
4 of the enbodinent is a chip or a device as an
external circuit additionally nounted to provide the
previ ous i mage di splay apparatus with a novel
predet erm ned signal processing function. That is, the
signal processing block 4 i%7arranged to execute
signal 10 processing for realizing the novel S05PC772
predeterm ned signal processing function. Wen it is
ocnthiendechnt aher 08P de wdre ipfpeMi @S theaged dpieessiragit 2
apparatus with the novel predeterm ned signa
aPrioe 653 .ng Af gAREPLMLY tthies DESNL engd atra@ngedr edesiput
and 15 manufacture the DSP 1 itself. However, [

this .
the fNFley vddes sioralieira &HFskE Qﬁdt%rﬁﬁréjéttdﬁnnﬁlhgf: the
agai.n.. F wh ddi t | f | .signal
oo ey “FAnBET oh 145 AN FooBaf Ot radit e Ton 2

In ane gyséﬁi'plscy £Th8f i BEx | FBge d;ﬁef%kn@x@ggﬂ&a{y%

an efftect resulting fromthe ad on o e signa

| cHIDCESS] AGviENGS |00 dikrhall ot OcHBt Cidiie 6aSts Rbunted

manuf acturing and nounting the DSP 1 again and nay be
tdisadhvaet ageopsevivicodimagel dikhisy cagmratiusi &#¥ith a novel
advant ageous to additionally provide an externa
pradedgiriipgdi aggndle provebssngniingriogessfhgtf nctflon 25
W th the previous arrangenent. The enbodi nent is

STESEH BFOr5SS118 Piadpd772 AFRRRIRASE, AT UiRe SPRRAI
péﬁé%%%§%5”909'555 f%fﬁ% %ﬂgikgggflégédetermined signal
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 ! itself. However, this requires costs
for developing and manufacturing it again.

For example, when additicn 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 advantagecus to additionally provide an
external circuit having the novel signal processing functidn

with the previous arrangement. The embodiment is applied to
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nounted on the arrangenent of the previous inmage
di splay apparatus. \Wen the external circuit is
conposed of an analog 5 circuit for executing the
vi deo signal processing, a disadvantage arises in
that a circuit size and dispersion of a signal |evel
i ncrease. Accordingly, it is also preferable to
arrange the external circuit to execute the digita
signal processing. Fromthe point of view described
above, 10 the signal procest¥ng block 4 is also
arranged to execute the digital signal processingQ5P0772
That is, the signal processing block 4 is also
tBl § afged asida tsengl én&higr Mesaingl BUbEKk deViisC@dditionally
Al t hough the signal processing block 4 executes the
maEnRgidqralthel gnaknpenwoes sihghas pdestondbeidnagisové spl he
video signal (S2) input fromthe termnal Ti of the
AP ALYSs an  anal og format signal. The signal

rocessing block 4  reconverts the anal og video signa
(S e RpaEer PR T CEPALRatS oA odi Gt 81 Viiog
cianal 493k 0¥, L he, AR xﬁ%e%ogYSFlérgr Ayt s it
to a S|gnal_proce§%|ng_un|t 22 epslgnal 8foc¢55|ng
didvatd a3ubLechss the 13I8l hal i ¥l de0s Sianaly ﬁ§§$e£99&ﬁ of
thereto to digital signal processing that corresponds

atnigatall eastlt hecrnmel. shgoalbdpi@rEsSsitngs &usectdpareantble
outputs it as a signal S4. The signal S4 is 25 input
te arxraggeohtic GEAt@nal- cicuSO5P0772eclite thecdndi GEA 24

gives a gain, which is set according
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 (852) input from the
terminal T2 into a digital video signal (S3) by the A/D
converter 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 correspconds to at least the novel signal processing
function and outputs it as a signal S4. The signal S4 is

input to a second GCA 24.
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to a gain value & indicated by the m croconputer 5,

to the digital video signal (S4) input thereto

i kewi se the first GCA 13 expl ained above and outputs
it as a signal S5. Note 5 that the second GCA 24 can
be al so conposed of a nultiplier and the |ike.
However, in order to set the gains by the first GCA
13 and the second GCA 24 in a manner described bel ow,
the first GCA 13 has a gain sensitivity larger than
that of the second GCA 24. YD -The digital video signal
(S5) output fromthe second GCA 24 is input to tSHeP0772
D/ A converter 23. The digital video signal (S5) is

br amabede@det iguRIt2 4ahS Ok Oz t LI MY GirOcBNpEt 86t SacdMreling
the LCD drive circuit 2 receives the video signal 15
tout matinf rahve he? sirghialatgdobesthagnidmelomputan anatoghe
s gnal is input to the LCD drive circuit 2. Thus, in

idadi Jhdeo i)we?éssﬁsr%d Breek ahexgie @/%%’éﬁ@e?lﬂ%rfl??t
ts.th i tal d | S5
G?Aﬁt kB A PRt PR N g el et S e el
f L 2. 2
et lSsedondlodd 4 H0 %?e%%%i & .S%Eﬂeg“-’% a“ﬂ“@?*lrpﬁer

arf itvengikde lHRe3hOr idi sphay tbﬁ%%q QHet(%‘@ r?miyoghe

video signal input "t hereto and inputs it to the
fitrarniGoal 176mf dHe sekCRd3cthrpugh tsheasheen detcdfoed25
The LCD 3 drives pixel cells in response to the drive
belop@ tBEBROTEM2 GOH gﬁahaSn@uq;airha@ISd.tthh t&rger than
operation, the LCD 3
that of the second GCA 24.

The digital wvideo signal (S5) output from the second
GCA 24 is input to the D/A converter 23. The digital video
signal {85) is branched and input also to the micrccomputer
5.

When the LCD drive circult 2 receives the video signal
output from the signal processing bklcck 4, an analog signal
is 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 thereio 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 T6 of the

LCD 3 through the terminal T5.

The LCD 3 drives pixel cells in response to the drive
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di spl ays an i mage according to the video signal. The

m croconputer 5 is conposed of a CPU (centr al

processing unit), ROM RAM and the like, and the

image 5 display apparatus is controlled in, for

exanpl e, such a manner that the CPU executes a program

installed on and stored in the ROM In the

enbodi ment, the mcroconputer 5 adjusts gains of the

first GCA 13 and the second GCA 24 as described

bel ow. 10 In the image dispt@y apparatus arranged as

shown in Fig. 1, the cells of the three sets of 340772

D/ A converters and A/D converters are di sposed in
sB@id e rpitatBegaed . PAGesshig oSysdten, ThaecerLeprs of

the signal input levels of the cells of the DA
dozpiars ens lopgd/ S-oorerd déros theevilisperisahlwi th 15

respect to a rated level. Mre specifically, as to an

i nputle BACEPFIFLWELUPLs 1isn coBResrd Ffarn&FUt Haenkyeh i f

n AI| . t . | | | . | | t | |
PR ROl L & SPLcTP Tk arPin Bk 1 e Firabres

II n n | . | | 20
A FhpERec T AR IRk OFC £5 Qb BT s

mém?grwmata‘:hgv@iw ee;!e%{ﬁ:le’s ar pﬁ@%f‘arﬁ' AL"nsjt%lil%EluBn and
0]

actually, a level is exceede verflows) . Further,
stagrdd ianthatpoM., an eheoembOSIMETS: i RheughcActBiider 5

that even if a maxi num out put |evel (data value),
adghisgls wesponds tiee L£inwti GO/ Lavald itiputsesiogdabCA 2% (s

set to "B" in the specification, an output is actually
desoxibedoBpE2 nmade in a |evel larger or snaller than

he_|l evel B. Furth
t eInetEe 1magéjdis%aéy 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 errcrs cof the signal input levels of the cells
of the D/A converters or A/D converters are dispersed with
regpect 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 specificaticn, 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 signal,

is set to "B" in the specification, an output is actually
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an anount of error of the input/output levels is

di spersed in the respective cells. It is as described
above that the dynam c range of the 5 video signal is

made i nproper by the errors and the dispersion

thereof. In the enbodi nent, the first and second GCAs

13 and 24 are provided and further the gains thereof

are set such that the dynanmic range of the video

signal is made proper 10 regardless that the cells of
the DA converters and the D~ converters disperse.

Note that the gains are set at, for exanple, an S053P0772

adj ust ment step of a manufacturing process, and,
médedamentiaddey, 1uhear tdre sgailngratRasetheONe®elgal. N Further,

values at 15 the tine are fixedly set thereafter
aposeaatt aff inggracf Wke cimpute onitonbcbemritseriss ddepsrehe
.gains is not particularly limted, and, for exanple,
1t thfyyraspesdiveverdlsi me a power supply is set up, at

o o B e SoRe AT BYEY J CR7BaB DB i ed Y RRRARESS 5D e
L e e e e s TR

ddisheridonnbegegnal levels that is caused by, for
exanple, deterioration with age and any ot her reasons

can Ibetoepetboddidnt,25hEi gérs2land,seafottdCGCAs 13 and 24
schematically show a procedure as a - 22 SOSPOr72
anfq yrovddecdiamenfuf Grersdttei nginbetlyaienst taget Betf push that
tﬁg“éynamic range of the video signal is made proper
fegardless 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 fizedly 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
freguency after shipment from a factory, the change of
dispersion of signal levels that is caused by, for example,
detericration ﬁith age and any other reasons can be coped

with.

Figs. 2A, B, and C schematically show a procedure as a
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second GCA 13 and 24 in the enbodi nent. As descri bed
above, the signals levels of the DDA converter 12 in
the DSP 1 and the A/D converter 21. in the 5 signa
processi ng bl ock 4 have di spersed errors. Further, the
range of dispersion of the errors, that is, the
maxi mum and m ni nrum val ues of the errors of each
device is previously deternmined in a specification.
Further, the range of dispersion of the errors
( maxi num val ue/ m ni num 10" v&# ue) can be variably set
according to a constant of an el ement such as anS05P077z2
eternal resistor and the like. In the first
f erdoo dintbeiati mehef 662 ddte iga) nteapaiad] ustitd fackuabhy,
the relati on between the range of dispersion of the

se¢erst $GBf 18hangy M conviéret embd2impdtt hat of the A/ D 15

converter 21 is set as follows as a preparation step
Mor éSsBREFFRe I5P0Wer She 889RMLINLFHRLE §F Do Rffe

ran of .di spersi f. th ro f _the A converter

FRE B2 hovt P2 mddemanrval Bt Rl And taln The
1A [y F ek di j.on

R e a0 B T T 2L PE” al sy o
tHY rdndeXbrugy ¥ed 8 J2mBX t8Bdedro i Ni 4N Val uenk 285 5 mum
Then, as shown in Fig. 2A |likewise, the m ninmmvalue

- amf ntingemBhAvebnwerderchk? eirsogset ofgemth taevarce Lar ger

than the maxi mum val ue L2max of the A/D converter 21
PHooriougla datermigmrelint 6 spe¢afgeatitdran Fhetipexi mhe

val ue 25 L2max). - 23 SO05PO772 After the gain is set
rapded@dc i BRer BV LT ithet RETPFPsfmaximm valué/minimumn

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 showh in Fig. 2A, the
rénge cf dispersion of the error of the D/A converter 12 can
be shown by a maximum value Llmax and a minimum value Llmin.
Further, the range of dispersion of the error of the A/D
converter 21 is also shown by a maximum value LZmax and a
minimum vélue LZmin. Then, as shown in Fig. 24 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 egual to or larger than the maximum value

L2max) .
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enbodi nent, a data val ue, which corresponds to a |evel
that. is prescribed as a maxi num signal |evel 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 whi t e level, is wused as a
signal of the level Lsl. 102¥urther, in the gain

adj ust ment executed thereafter, a gain of one tiFROEK 72
set to the first and second GCAs 13 and 24 as an .
i ni tAfalervahdegaim Bs sicat @st Hasctheedaiboweal uastkd, fiESt
of the first and second GCAs 13 and 24 are set to the
epppdindntyapudatsi vatve, Mhishneerraepeidmalo SOleueputhat
fromthe S|gnal processing unit_ 11 of the DSP 1 can be
1?e@ﬁﬁ§ﬁ$} bgd ?ﬁeas%ﬁ%ﬂﬁﬁpbﬁéﬁnéé taeel sty ks 9§°CPﬁ5%@ by

et IR 1 a1 Shenke e Tvan PurPRE e en SEPE A
J&@egsei\ﬁ@l uahét bﬁeswg\tal SSZtoWeh&h gznaolbt ne _u@yt? e

converting 2 S|gna into t anal og Signa
fihe: QA eonyeriesidrlal édﬁrc@ofoﬁfﬁﬁﬁégﬁﬁgntt@x@Euted

smal | er than the maxi nrum val ue L2max even if the
tlemaafiterof T spdsisicommpflef heherfiorsy: efbbhémenputa signal

and the output fromthe DJA converter 12 is mnimzed
1Ot RE | yhbeba@@%r%smrmm vaboesailmdividas Bevehpl byed

by 25 the, signal is the.mninmumvalue LImn of the
u?%%j@ gf signal %%§#57ffve&|§5%r5|on of the error of

t he Eé@hconvert

er, 1in é%e galn 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 wvalues Gl, G2 of the first and
second GCAs 13 and 24 are set to the initial wvalue, 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 51 input from the first GCA 13 to the A/D converter

 21, the signal S1 also has the level Lsl as shown in Fig. 2A.

The level of the signal 32, which is cbtainsd by converting

the signal SI into the analog signal by the D/A converter 12,

 is not made egqual 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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That is, when the level of the signal S1 input to the
D) A converter 12 is set to a nmaxi num val ue all onwed by
the DSP 1, the signal S2 input to the A/D converter
21 securely 5 overflows 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
‘i s based on that the gain value of the first GCA 13
is set to one tine). Wien this is analyzed from an

i nverse standpoint of view 2¢he signal S2 is set 10
such that it is not nade equal to or snmaller thanS@¥R077Z
actual allowabl e nmaxi muminput |evel of the A/ID
despyesiet oXl thaeBrrbheot Hd FRgBBhvELtés BB t0 an

al | owabl e maxi mum value. That is, the output fromthe
D/ A Worivést erhd ihe presrednoédthé rohaeel g iimput to the
A/D converter 21 in an insufficient 15 range state.
DietrRfretednde ofF $9e B2 4 SaxABuRf veleataldmsied by ghe

oHL S R ATREAT: P MBI, sapee,
. 24 ' D

APPSR % B S BP0, e AR o e

t&i ghd al/avicda0est gpal 2 S nkhg /A BoneonUE! tAar sBlwnt e

~signal S3 includes a signal level error due to the

Filj Sy sinromeobrer tiors afs taeeA/ Pnconvertier galin Thtue of
signal S3 is input to the second GCA 24 as the signal

tig] finetoGh LBelisigptaltoproeessnaly. uriiten22hibt is sanalyzed
assumed here 25 that no signal level is changed as a

I At 1overag argrdrgint o4 vERSpO7R sigigdalSs is set

SIPéthc%Sé%l rJ]_% ?)s(ertl:c%t: errga ey etqbleals%:gngé grr{aol eeSrSIt%%nur‘gi'xg ézézt'ual

allowable maximum input level of the A/D converter 21 when

the input signal 81 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 insufficiént
range state.

When the range of the 352 i1s insufficient when it is
input to the A/D converter 21, the insufficient range cannot
be fecovered 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 $3 by the A/D

converter 21, the signal 53 includes a signal level error

due to the dispersion of error of the A/D converter 21. The

signal S3 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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More specifically, it is assuned that the gain val ue
of the signal processing unit 22 is one tine.
Further, since the gain value of the second GCA 24 is
one tinme, it can be 5 assunmed that the signals S4 and
S5 are the sanme signal. Accordingly, in this case,
the signals S5 and S3 can be regarded as the sane
signal. The signal S3 is a signhal which is digitized
by the AAD converter 21 and overflows. Accordingly,
the signal S3 is 10 set to2%a state that it is fixed
to the maxi numlevel (Ldr) of the dynamc range tH@:F0772
i s determ ned .depending on the actual dispersion of
s BffaAr prokebbendV dxnneer ber tB2 wighin pridkessangeunit 22.
di spersion of errors of the A/D converter 21 (between
Matre spedifdrriay uel t 2max sgngdethshabxihumiaial vatag of the
L2mn). At the time, the signal S5 also has the sane
signpd| PEOCeFRENG | WHAl 2831sAen8hbiffe i nFRFghed, 3ire the.
signal. S5 i.s_also inp tq,the micraoconputer._5.. The
g%ﬁ%?@%ﬁﬁpﬁFng% %%%?ﬁtggA 23nf?o?n%f%%5%sﬁ g #3r°Gai n
| ust cut here e e ve
= PR TERL PHEPHE 5T SaRhichs 20 RTLaAB g fy
addesingngl SR isid iosed,t enkhsighevelsd dhgagzdessrided
above, Ich means that a state that the signa
re@peeidieliows thecsamt edgnZa.adj ust the gain by the
m croconputer 5, first, the 25 gain value GlL to be
set The shendl st i6CA 489nsl reuced sudipitized by the A/D

S05P0772 the level of the signal S5 being input is.
coygiied £d Y gvggflows. Accdrdingly, the signal S3 is

set to a state that it is fixed to the maximum level (Ldr)
of the dynamic range that is determined depending on the
actual 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 miérocomputer 5 executes

control processing for gain adjustment executed thereafter
based on the level (data value) of the signal 35.

In the initial state, the signal S5 is fixed to the
ievel Ldr as described above, which means that a state that
the signal overflows 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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equal to or less than level Ldr while nonitoring the
signal S5. Note that the gain value GL is controll ed
by the m croconputer 5 which outputs a control signa
for 5 indicating the gain value GL. Further, to
describe for the purpose of confirmation, the |evel
Lsl, which is prescribed mnmaximum is kept to the
signal SOinput to the first GCA 13 thereafter. Fig
2B shows how a gain value is set to the first GCA 10
13 described above. Mre spetifically, the level of
the signal Si, which is output fromthe first SER772
and input to the D/A converter 12, is reduced by
theduoiaig ofhéhgas hoval S deihbeifipusti CCAdLEBdf tom t¥elue
initial value. In correspondence to the 15 reduction
e@iat He Sghaps Sihan Heviedy eErofht e margrigirisg, thenstgal

S Qut put fro the DA converter 12 a put to the
Sév DROGfvERR B T2 95T YR Ber% Lhﬁafonﬁﬁﬁg%ES PY 8¢ stat e

m#evéPmE e.Leye hf’ht d%ﬁ%%gnglcég% Ié%ﬁ%%ge ggn t he

t hat Is t maxi mm va ynam c

lﬂﬂml% eﬁet@&ﬁ/&al%g @ervefﬁﬁahe?xl tbh8estHNA B2 the

beconmes "an excessive input in the ‘N'D converter 21
puiibseverf tombitmerein). tAt Lieel i@, iwhichSidebeedE&tibed
that the signal S5 is fixed to the Ievel Ldr. As

mategerm, béd kdoveio dirceighel s§@nadp85 tovehe| bissassCa 13
long as the level thereof is fixed to the |evel Ldr,

thareag5eHt croconputer -5 controls the first GCA 13 to
redggg_tﬂg ain - 27 S0pP0772 val ue setot€§g6¥lrst cea

ows how a galn value 1s set
13 described above.

More specifically, the level cof the signal S1, which is
output from the first GCA 13 and input tc the D/A converter
12, is reduced by reducing the gain value of the first GCA
13 from the initial value. In correspondence to the
reduction of the signal S1, the level of the signal 52,
which is output from the D/A converter 12 and input to the
A/D converter 21, is also reduced. However, in a state that
the level of the signal 82 is larger than the level Ldr that

is the maximum value of the dynamic range DR of the A/D

converter 21, the signal 32 becomes an excessive input in

- the A/D converter 21 and overflows therein. At the time, it

is detected that the signal 355 is fixed to the level Ldr.
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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When the gain value is reduced as described above, the.
signal S5 (the signal S3 output fromthe A/D converter
21) is set to a value snmaller than the | evel Ldr for
the first 5tinme. At the tine, the gain value set to
the first GCA 13 is nmade to a gain value optinumto
the first GCA 13. More specifically, a state that a
maxi mum [ evel to the dynamc range DR is input can be
obtained within a range in which no overflow
(saturation of |evel) occuré’behind the first GCA 1

13. Thereafter, the gain value set to the first Ci9539?72
at the tinme is fixedly set to the first GCA 13. After
veéhee gatn thalre¢ol.s set to the first GCA 13 as

descri bed above, a gain is set to the second GCA 24.

Set tiheg &het Bielgaraiue #Shéeéééeﬁdaw?ww| ABOYE onthe

he. gai n val ue has be?n set to hg}

the 15 ate that
Step Sc%{ %é S1gRa et 1SR tabb0B, TRR P, GR RGTRFEEY
h
L0 PR Tk SRR, 00 D A S i
tide F €gar dad aspan @[@wlnoﬁzazggagkg@ f e f%g@u(&cA 13

| evel of a S|gnal in response to an 20 anount of
ighange tof at heisarel gaidpriabierhaviaorikean ceat 131 harore
anount of change of the output |evel of the first GCA
sig-ijfsicallavges share ttfmt of mehémsmcbernde IGGA 2Ae dpnabher
word, which nmeans that the resolution of the change
r%?gear‘PRo&FpaPP‘P*év%@n hen ésppRderi Grithed clvayge 16f witheh no

AT LB LS, 22,5200, ORZE Lot 10
:)f” del%e?eg?@ér prﬂgeesg%lll?lg v%Xﬁeta errs%@hc I N f'::LIrgt &CA 1h3€ 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 wvalue has been set to the first GCA 13.
As described akove, 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 o0f a signal in response to an
amount of change of the same gain value having béen set, the
amount of change cf the output level of the first GCA 13 is
larger than that of the seceond GCA 24, in other word, which
means that the resolution 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 GCA 13. That is, in the
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and second GCAs 13 and 24 undertake a separate role in
that the former sets a rough adjustnent gain and the
|atter sets a fine adjustnment gain. 5 From what has
been descri bed above, in the state that the gain
value of the first GCA 13 is set, the signal S5 is

set to a level smaller than the maxi num |l evel Ldr of
the dynamc range DR as shown in Fig. 2B. However,
since the resolution when the gain is set to the

first GCA 13 is low, 10 the?8ifference between the

| evel of the signal S5 and the |evel Ldr may be S05P0772
relatively | arge. However, the resolution when the
vgden ofgrdie pgecendi@eyden shoet is Tif atli,vehy higher
than that of the first GCA 13. Accordingly, it is
a‘ﬁ‘és%ﬁ‘—"&ﬂréi tFPRd dsnd ef didegitedfeea batne@tel 5 olkeinelat

he signal S5 and the |evel Ldr a

tlﬁ%s B By tiaRi 7R T he diipdmest gﬁéns?%d?hesaaﬁéﬁic §o-s
t tt th toth d GCA
a gghﬁv%ﬁ&gthgs o% etting the gain to the secon

eration, a maxi muminput |evel can be

made Y @hheakas tk;éetnh@e@wm& Lonee R %Ehlsea@e range
in which no overflow 20 (saturation of |evel) occurs.

tHdajairs ,vaine dynaid of iratgecas13aisi gngl dHeselifnganshei s
nore i nproved. The gain of the second GCA 24 is set

sdtortd [ d.epelpesel Lahaharhehganaxisuactayalll pdgebft ohe he

second GCA 24, the mcroconputer 5 controls the

wr@@AeZQRt%s iersade Fhe 2% g@IOWeVQFueS%W%é@et
eI EOR “BFR HeE gl "s8eTTHE. G HVAGE 1Rt gl S
-tﬁgﬂdlfference between the level of the signal 85 and the
Jevel 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 betwesen
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 Ldr 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

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

a 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

gain value to be set to the second GCA 24 while monitoring
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to the second GCA 24 by outputting a control signa

for indicating the gain value G by the m croconputer
5. The gain is set to the second GCA 24 as shown in
Fig. 5 2C. The level of the signal S5 as the output
fromthe second GCA 24 is increased in response to
the gain value of the second GCA 24 set to a higher
val ue as descri bed above. To describe for the purpose
of confirmation, since the 10 resolution of the second

GCA 24 to the change of 6utput™ level thereof is
hi gher than that of the first GCA 13, the anountS®&¥E0772
change of the |l evel of the signal S5 at, for exanple,
thevdreywednefstiep sigrsrmbber Thamngdiatvadfuet B2 {3 raslso GEA
13. 15 Then, at a certain step, the signal S5 reaches
toy Jhey SeconpafCh s24 dyardéguasintied seartodv 6ioaslt her
xi mum | evel Ld nam c range DR as shown in

: ( f the d

Mg ataes ’fhfsg%%rit"éﬁusgﬁﬁeg%oﬁla% PEAHRPR P ne:

ad] WAL MERL |5 GAIPLEL el L0 ADE: Rl D4S8L BRoMeSal TRy
ve, b | d@ g 0°c be

abo er eby "a maxi mum dyham c T angde an
scconceptual |y secured within the range of level in
whi ch no overfl ow occurs. However, actually, an

overhé oOvevEp I OXhERE e a DCTIIEs ivhet Batshat erdhaind he

| evel of the signal S5 perfectly agrees with the
seloond| GCAr 24 whs cindreasadt bal tyspaisgrief éhabyain Teabwpet

with this problem in 25 actual processing, the gain
thgaSgeECRE FHe Zecsid taCa bigher -vapie gg5Pepgpibegiabove.
o sgal | er thfan tr}le state tha% the_l evel of the si%]al S5
0 de t e

scribe for e purpose of confirmation, since
rescolution of the second GCA 24 to the change of cutput
level therecf 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 S5 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 occurs. However, actually, an overflow
approximately cccurs in the state that the level of the
signal 85 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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agrees with the level Ldr so that the |evel of the
signal S5 is set smaller than the |level Ldr by the
gain value of the one step. Thereafter, the gain

val ue set to the second GCA 5 24 as descri bed above is
fixedly set to the second GCA 24. A processing
operation, which is executed by the mcroconputer 5
(CPU) according to the gain setting procedure
expl ai ned by Figs. 2A, B, and C, is shown.in a
flowchart of Fig. 3. Note™tRAt “when the pr ocessi ng
shown in 10 the figure is executed, the relation S05P0772
between the m ninmum value LImn within the range of

sgits ppeslen Wiant hbeestets dat tthe DeAetonfethtersibPadnds

the maxi mum val ue L2max within the range of .
agrsper<ioh e tifgedr FBF ssofthate theDlesAY et ethep pijggal S5

already set. Further, the jnitial val f |

2588 ST, ErGe Ehe, LeFed hidr, B tBReSe thia e Ot Sbs
i I .of fi t

g tay” TRyieReEr SO, il hifiel LEP STl 8880N cca

2uNat hge fdQWel, abbkat is 0l adiQf sefBxbMigh NG 48 Sicanal;

| evel on the DSP side is created as an 20 i nput

Si gmalprateskepg 53PdraMurg wpeehfigabiacumds ag exanpl e,
the signal processing unit 11 is controlled such that

mi heocaipptalr SO(CRHY cacisrdimgpar thenyahe sbtgrialy

processing unit 11 of the DSP 1 and input to the
PERBREHIfefPIPGRAF PYPrBeEssidly Byseeth Fe ¥mddows thea
<Al Heeg sl guelfiring, 28, he L ovsl AOOLEE g 1,
chOer A a8t 84BLECEAP! AL G 10k Bn " SLEIENE reO ik Bt
value Llmin within the range of disperszion 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 S101.  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
11l of the DSP 1 and input to the subseguent signal
processing system is made to the digital wvideo signal having

the level 100IRE as described above. With this operation,
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obtained. That is, in the systemin which the signa

SOis processed and set to the signal S5, a state

that a signal overflows (is set to an excessively

| arge level) is securely 5 obtained. The

m croconputer 5 captures the data value (level) VS5

of the signal 55 at next step 5102. The level of the

signal S5 is nonitored by the processing. At next

step 5103, it is determ ned whether or not VS5 10 <

vdr is established as to the data val ue VS5 of the

signal S5 captured at step S102 and a preset S05P0772

prescri bed value Vdr. As described with reference to
the gs1itdAl Btabed Gplainedheikhi téfdrestat o Fhg. | 2hetarotbe

the signal S5 is fixed to -the maximumlevel Ldr of
oRtfe ifhant 82 F ahtyye IDRT&RISYEt &R UAl Wh5 chotbResi@val SOdis

The prescribed val ue Vdr, is_fundanent al

set tp a
PrRHATRRA QBYCERT dbarith AGOPaLt Re | bVRa e Pat ARt BETA]
, the crijb \dr
A J LB SBE e ey ob e e M TR (BT b®) ey
ob+dfi . consideration that an optimum dynam c range
can be secured 20 according to the specifications and

t herhiekei @foddipuelirps capehidie thevidees obkltde(LHR1Y vss

and the like. Wen the relation VS5 < Vdr is not
ofegthablsiighet 3i =t eextb08p $hed. | $hewhemed megdts wegnal

result of determ nation is _obtained because a
S disafrBhtereVSy Thgdprpseasindi i shed, it 25 can be
sai g, that, a stat f overflow still occurs. - 32
SOSEOTIRE TSI O ¢ R £ 17 SARIBRBR THEERSborsSogods®
< %%rsggpestablished as to the data value VS5 of the signal
55 captured at step 5102 and a preset prescribed wvalue Vdr.

As described with reference to Figs. 24, B and C, 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 Ldr. The prescribed value Vdr is fundamentally
set to a data value corresponding to the level ILdr.
Actually, however, the prescribed value Vdr may be set to an
arbitrary predetermined value smaller than the level Ldr 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 relaticon V35 < Vdr is not established at step

5103, that is, when a negative result of determination is

cbtained because a relation of V85 2 Vdr is established, it

can be said that a state of overflow still occurs.
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S104 at which the gain value GL to be set to the first
GCA 13 is decrenented by one step. As a result of the
processing, the level of the signal Si output fromthe
first 5 GCA 13 is reduced by an anount correspondi ng
to the gain value decrenented by the one step. On the
conpletion of the processing at step S104, the
process returns to step S102. As described in Fig.
2B, an operation for reducing the gain value to be
set to the first GCA 13 unht#¥ Mo overflow occurs 10 in
the signal can be obtained by the processing flow$sRfhi72
step 5102 to step 5104 through step 5103. Wen it is
assuredopkawian eHfd prabilee, r esdl pradfessdegbesntnasten
I S obtained because the relation VS5 < Vdr is
SEet ot ("dHed dhesgepr 5FEI3E (He tot heesehdto ideodérptoRlA
ccurs 15 can he obtained for _the first tine in the
Jg%é%ecpﬁea]@eggiin@y S 5ERPF r ottt AP TR cBfvEREer 12 to
%@1 %®%2§%Y§§ IES Ien%%%n%? E?eoﬁgﬁ% %romtﬁéegflrst

f‘!’l@ll@ J.@l ﬂe%u@é@p@yl% Selouh@ '%:Bgregﬂaéﬁdln%ol%hel Ba&ﬂ' S

case, the process goes to processing 20 for setting

vdhe grRidtehentbe 1$eaoRd cacAs2dpatl &t apeSiBRod8Hion of the
subsequent steps. Thereafter, the gain value Gl set to

prdressiings e tGSled 31GBE,ndhechangeds tdrmisy tbhetgai 8102.

value Gl of the first GCA 13 is fixedly set. To set
Ag h%esg‘é“llﬁeﬁolflh%l%e@@nd a@mpzzxatiw sfor gedgrcépy pBe gain

%% g galn value G2 is increnented by one _step
6 to 88 SepsEtrre ftll’ﬂs§ Sﬁér af i Bt H‘@ Ioé’%FlB’r’ Phgurs

”aElEQaQUEQthJ'SﬁPaEQEd by the processing flow from
step 8102 to step S104 through step S103.

When it is assumed that an_affirmative result of
determination is obtained because the relation VS5 < Vdr is
established at step S103, the state that no overflow occurs
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 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
for setting the gain to the second GCA 24 at step S105 and
subsequent steps. Thereafter, the gain value GI 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

105, the gain value GZ is incremented by one step. With
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second GCA 24 is increased in response to the gain
value & increased by one step. At next step 5106,
the data value VS5 of the signal S5 5 is captured
I'i kew se previous step 5102. Then, at subsequent step
5107, it is determ ned whether or not the relation
VS5 ? Vdr is established as to the data value VS5 and
the prescribed value Vvdr. Wen the relation VS5 ? Vdr
is not established and a negative result of
determination is 10 obtained>because the data val ue
VS5 is smaller than the prescribed value Vdr, th&3P0772
gain of the second GCA 24 can be set to a large
thab uepedatiohi s tbasésveéheopribeessggaksst coutgtugp f5808the
increments the gain value G by one step, and returns
SEEORRSFr sledsi ARcHREAZER P IGEPCrASt B Fhowadn Y¥slue G2
.g&oces%{ng fromstep 5106 to step 5106 through step
183572989 e §8FnSFEPfinely adjusted so that a maxi mum
dyngm n e reibly [ .

WO Gel@NDeep COILAE Al GLDLY, PRIAINIET, ARD [ighay s

affirmative r tarned at step

igssapmdhen exdprsd rk%léx}ircfﬁtsag:t@% dhit, theesigpal S5 has
S

20 reached the sane | eve e maxi mum | evel Ldr of
siiheeqistdnseep ange7 DRt ik et redsed wHHYr0eeS 808085

to processing at step 5109. At. step 5109, the gain
¢l eonGY Sps2 dédy enerasddbdy sbad a4 dp 126 HAstdesgiudalbs

above, the processing is executed to - 34 SO5P0772 .
anddiCe PERECTERRY GFlush&/dgi- gnBiresgiigy reRe tgan nV Salfud dsr is
né%“%stablished 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. In this case, the process goes to
step S108, increments the gain value G2 by onre step, and
returns tc the processing at step $106. In the flow of
processing from step 5106 to step S108 through step 8107,
the gain is finely adjusted so that a maximum dynamic range
can be forcikbly obtained.

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

processing at step S1i09.

At step S109, the gain value G2 is decremented by one

| step.

As described above, the processing is executed to
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step so that a state that any overfl ow does not
securely occur can be obtained. On the conpletion of
the processing at step 5109, the gain setting
processing shown in the 5 figure is finished. Wth
this operation the gain value of the second GCA 24 is
also fixedly set to the final value thereafter
Incidentally, what has been explained with reference
to Figs. 2A, B, and Cis based on that the gain
(signal 10 processing gaih)3§iven to the signal by the
signal processing by the signal processing unit %é?ﬁqq72
the signal processing block 4 is one tinme, and thus
rédecegaile denkiobfi the tdigmsilgsal bpr tleessiing veyskeenti sne
equi valent to that the signal processing unit 22 is
SR e . thEd FoREwE? , thiss arypoverfbev feras Hot secgrsby
ossi bl e. depending on a type of_signal processing .
OtFHt FNg&en® Ea”g‘FC?ren Ofo thesT ot e Wfe i $hp sprocessing
r S an hus. I I e signal i.ts
a%ﬁ%% e§a%géch%i%%F§FS?ﬁ§%§i ﬁg%eégyg%éggWﬁglbn?%LZZ
fiﬁﬁkequ!9Xn§§h@&!aﬁﬂ%ﬂe@higoé%é?§¥¥HH RB20:8h 9 ue of
processing for giving a gain to a signal.” Therefore,
tHeXlecoh@WGBAJAL N 4 S 1SRL fii Reling e8DOH Rt FinAeNvalue
signal processing unit 22 is arranged to give a
tlgimgrditeprocessi ng gain other than one tinme to a signa
to be processed will be explained as a second -
enbéBFpepRtaly Fivgat Bas Benmikrdadned wiphoeetkrirance to
X8 e for s ttiqg - 3 S05PO77 the gain as_the
%ggcg%&,eﬁboa? ?ﬂ% based on that the galn® (signal

processing gain} given to the signal by the signal
processing by the signal processing unit 22 in the signal
pfocessing block 4 1s one time, and thus the gain control in
the signal processing system is equivalent to that the
signal processing unit 22 is passed.

However, as a matter of fact, it is alsc possibie
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 employ an arrangement for executing

signal processing for giving a gain to a signal.

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 toc a signal to be
processed will be explained as a second embodiment.

Figs. 4A, B, and C show a procedure example for setting
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Also in this case, as the relation between the range

of dispersion of the errors of a DA converter 12 and
that of an A/D converter 21, the mninumvalue LI mn

of the DDA 5 converter 12 is set equal to or |arger

than the maxi num value L2max of the A/D converter 21

or to a value larger than the nmaxi mum val ue L2max as

a preparation step as shown in Fig. 4A.. Further, a
data val ue corresponding to_the level Lsl 10 (for
exanpl e, 1001 RE) that is Pprascii bed naxi num as a

signal level treated by a DSP 1 is set to the sifirf0772
SOinput toa first GCA 13 likewi se. Further, a gain
tiod amien tasnthiesssetnd cenotdinehé .first GCA 13 and a
second GA as an initial value. Wth this operation, a
st atiéSPhal Bhsf ginfierséGuiFeryrababiel edusesahhperange of
obt ai ned i state that_the first GCA 13 _ and the
AR SAoAY ARG 1 GG e ot RPGEPRVOT ona & PG Ehat of

[ val | ng-.t : tvely.
94 Y8R oL0 21PooR WL L3 il R e

a € galn va of "t he

cSl@NAe PROCESSLHY LA i BQel§i¢?é‘§| tHAPGERS g1 Midh t
22 is 20 set ton=0to 2. In this case, a nmaximm

vaid D2akieoF StIS@IALD cdriviefRsr POWeYete divaludArsheys a
case that the gain value of the signal processing

thpgi thienmpRémgh gralugrigoegspage pmepa2tios seept s 2shown

~times that is a maxi numvalue as a relation between

i e 9-e¥8l of the S3 input to the signal 25 processing

uni% 2% and that of éhe signal $S4. out put Eroint%hle - .36
SO5PBT 727 51yt B EE sTREF IR Y9 1M FAF ' Thve, 5k
(fé% %@gﬁ@lgpaEOGIRE) that is prescribed maximum as a signail
level treated by a DSP 1 is set to the signal S0 input to a
first GCA 13 likewise. Further, a gain of one time is set
to both the first GCA 13 and a second GA as an initial wvalue.
With this operation, a state that a signal securely
overflows can be obtained in a state that the first GCA 13
and the second GCA initially ﬁave the gain of one time
(equivalent to a passing-through state), respectively.
Further, it is assumed that the gain value (xn) of the

signal processing gain in the signal processing unit 22 is

~set ton =0 te 2. In this case, a maximum gain value is

set to 2 times. However, Fig. 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

relation between the level of the 83 input to the signal

processing unit 22 and that of the signal 84 output from the
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when the signal S3 is has the maxi num | evel Ldr of the
dynam c range DR, the signal $S4 has a | evel Lsp that
is twice the level Ldr. Further, in this case, since
the gain 5 value & of the second GCA 24 is set to a
val ue corresponding to the one tinme of the initia
value, 'the signal 5 output fromthe second GCA 24 has
the sane level as the signal S4. Further, in this
case, as an initial state, the gain 10 value of the
si gnal processing gain i th® signal processing unit
22 is controlled to one tine (n = 1) as shown in §i0772
4B. When the gain of the first GCA 13 is to be set,
sideal girgealssSAgimpit 220 t Qe sai:srmbs(éf;AiMiausmovhavtélat
the sane  |evel response as that of the signa
WRRR gilte FrieRRlhé3 4D hes 6@@@@5@@@119‘1%\Md§e OFh*éhe
previ ous enbodi nent. At the t t he %glg Yglue

ot ite FepGRaPRpr Ot SIS g StnPET ¥ HEVe: gl Shet 1
SPLET SR AU L0226, Bnial UG, oG LAY LD ONad T

I 'evel response 0O IS Set

vgﬁ%omS%fdltﬁéeg%mf IR tzhaatlsogeé he o ghale3. 20 Thus,
the signal S4 (S5) output fromthe signal processing

E cotdspdhdean be sl dre ttheeSaethevali@dslt katuef thde

signal S3 input to th3 signal processing unit 22 as
sigfmadn S puEpgt ABmbythsetskicngdt BGA g masalthe efmehkevel as

signal processing gain in the signal processing unit
thpp signgfeSéne 25 tine. Note, at this time, since an

overfIOM/ﬁexces .ve - 37 S05PQr72 %%

oCcBHEERe R eiod T Ro BPEv BLsT | U b atF hen b 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 54 input to the second GCA 24 must have the same
level response as that of the signal S3 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 processing unit 22 is a value other than the one time,
the level response of the signal S4 is set to a level

response different from that of the signal 3.

Thus, the signal 354 (85) output from the signal

‘preocessing 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 cne

time. ©Note, at this time, since an overflow (excessive
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the signals S3, S4, and S5 are fixed to the |evel Ldr.

- As described above, since the gain value of the signa

processing gain of the signal processing unit 22 is
set to 5 the one tine as descri bed above, when the
signal processing systemshown in Fig. 1 is viewed in
its entirety, the gain setting state is equivalent to
the case expl ai ned above with reference to Figs. 2A
B, and C. In this state, the gain value @ of the
first GCA 13 is 10 reduced3fromthe initial value
until the level of the signal S5 is nade snallerSEH72
the level Ldr as shown in Fig. 4 while nonitoring the
ihpvel tdataovabine) 1Dketire sihgnakeBboby fiarst embodiment,
- mcroconputer 5. That is, the gain is set to the first
tioess 1eprg lisk Etir s € 44 henéxyl arat fénedntie Wee hlavefleldnce to
Fig. 15 2B in the previous first enbodi nent.
Sub@@qﬁ@ﬁFF%be%I?WRﬁﬁﬂ1%&nﬁﬁlﬁh?sg%%ﬁ ‘tod Ueh @£ s Blad et et

24. the si naI rocessin in_of the SI n
oEret i BaR ¢ S5 BBl T B o7 fpenr v

tﬁ@ccg{aed A 24 Haéérﬂfeé %'s%%e,' %Qn%é'nsdlt%{“ =] ggowsghng

the gain 1s set. This 1s because, 20 I S case

sPynastokangs piga DA Garvent en 23 idhitherySamBei §ain
set based on a maxi mum signal |evel when the signa

sgrioicgs sitafe gas negliitdiersi grakhpr ozss sdxpg almiet! 2Bovs with
set to a maxi mum value. Accordingly, the gain value
r%ﬁ643ﬂ§esé@oﬁégsCI%&thnﬁ@ﬁ Be set such that the second
GCA_24 can maxi mal ly 25 nmake use of the dynam c_ran

of TReCDIR Topir (e 5310.vaBic GomdrThe FoFot e 1o is
r&%ﬂggﬁ%roﬁhggetiﬁﬁgﬁlnv%ﬁughgn T Qﬂg qp%e%4o% the signeal
S5 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 case, the dynamic range of & D/A converter 23 in the
same is sét based on a maxinmum signal level when the signal
processing gain cf the signal processing 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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to be set, the signal processing gain of the signa

processing unit 22 set to two tinmes as shown in Fig.

4D. That is, it is set to a maximumvalue. 5 Wth

this operation, the signal S4 output fromthe signa

processing unit 22 has a level twice the signal S3

input to the signal processing unit 22. In this case,

since the gain of the first GCA 13 is set, the |evel

of the signal S3 has a value smaller than, for

exanmpl e, the maxi mum | evet 3D {prescribed val ue) Ldr

of the dynamic range DR In response to the |evel05§0772

the signal S3, the level of the signal S4 has a val ue

t hatroirs thiral perpddgn vinke keyedairspi hade isecpudtGCA Hice s

t he maxi mrum | evel Ldr of the dynam c range DR al t hough
t¢ tbg safeatheositival avedcassprglgainitef thre sdlgpee state

i s achi eved, the mcroconputer 5 increases the gain
PRRASFSIGY YBETt 2 tIRE i GERe242Unth v tReFlevet® of

Tt$@ g;gn%l.§58i§ Set qug%ltovg e level Lsp. Wen the
evel~’of "t hid s?gnéfékglls 88t V2qlal to the |evel Lsp,

i t %Ehb§h§§iéi)éﬂ?ﬁtioi,sﬁzﬂéesa%rifr{hlwtlﬁ%u%ggeﬂft M 120

dynam ¢ range can be secure I's achiev In the

siARAe p@bck 8Y ehg i ihwhizoh Hag QVﬁéééﬁwﬁﬁﬁaéJ&%e signal 83
conceptually. In actual processing, however, the gain

inmaltuecotht hei geclomd cGEAsiRd wsitset2 .snahl ehis haasd,heince
state that the level of the signal S5 is set equal to

theegalinl gf She thinst KEA dvels ofethetlns Isivgdabf SEhe sigayal
snmal l er than the |evel Ldr by the gain - 39 S05PQ772

53, d55e oFat Re Tl 8% res ¢ Aot ebsA S et SoPaF HPY ¥5V6h

(prescribed value) Ldr of the dynamic range DR. In response
to the level of the signal S3, 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 GCA 24 until
the level of the signal 85 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, ié achieved within the range
of level in which no overflow cccurs ccnceptually. In
actual processing, however, the gain value of the seccond GCA
24 is set smaller than the state that the level of the
signal 85 is set equal to level Ldr so that the level of the

signal 85 is set smaller than the level Ldr by the gain
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occurring actually. A flowhart of Fig. 5 shows a
processi ng operation executed by the m croconputer 5
(CPU) -according to the gain 5 setting procedure
explained wth reference to Figs. 4A, B, and C In
the processings executed at S201 to S205 in the

. figure, the processings other than that executed at

step S202 are the sane as those executed at steps
S101 to S104 of 10 Fig. 3. explained in Fig. 4B,
the processing at step S202°is executed to set t£§$P0772
| evel of the signal $S4 (S5) equal to the signa
when the gain of the first GCA 13 is set. Wen an
vate rat Hife ongsatep oo deirahivn 8EPBANT sowfdionedrons at
step 5204, th rocess goes to a processing sequence
CFor r%ﬁﬁt%%ﬁ& iﬁg gain of the second GCA 24 at step

7ot AP R SRR s RGOk o

etd@dgna tﬁ&oﬁﬁéﬁﬁéghpﬁ%%rg%'QC@ﬁ)t$@bé¥d¥%@ to the gain
processing unit 22 is set to a maxi num val ue Gspnax.

sMhieing he-cgadory adiel disdd edtted rbeeferds ao milkki. phe, B,
nunber (n), which is used as the gain, as it is,

am%phax = 2 is established in the exanples of Figs. 4A
B, C and D. 25 Processings at steps 5207 to 5211
subd@qBht PYFREFHIS 25°CT s@oqmswéz@e ar8ot e e

as the processin as at s eps %106 to 5109
figure, e proces ngs ot er than that executed at step

5202 are the same as those executed at steps 3101 to $104 of
Fig. 3. As explained in Fig. 4B, the processing at step
5202 is executed to set the level of the signal S4 (S85)
egual to the signal 33 when the gain of the first GCA 13 is
set.

When an affirmative result of determination is obtained

at step 5204, the process goes to a processing sequence for

" setting the gain of the second GCA 24 at step S$S206 and

subsequent steps, at which the gain of the first GCA 13 is
set,

At step S$5206, the gain value cof the signal processing
gainn of the signal processing unif 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. 44, B, C,

and D.

.Prpcessings at steps 5207 to S211 subsequent to step
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of Fig. 3 corresponding to the previous enbodi nent.
However, since the maxi num val ue Gspnax is set as the
gain value of the signal processing unit 22, whether
or not 5 the following fornula is established is
determ ned to determ ne the relati on between the data
value VS5 of the signal S5 and the prescribed val ue
‘Vdr at step 5209. Vs5 > Vdr x Gspmax Wth this
operation, the level of the signal S5 is set equal 10
to the level Lsp (actually,4%He level is set smaller
than the level Lsp by one step by the processi ng@&F0772
step 5210) as described in Fig. 4D. Note that Fig. 4D
5266 areexanpkamefaa tlagedceswehingdh 4hestdgtsa Swdbueo 5109
corresponding to the level Ldr is set to the
obhrigiser Phegrvarpending A theserepeeaedirsnfifen t he
processings up to step S211 are executed, .the ns

of FRESTTT ot MF SPCORB-EEAE T5-4FPFa, 455880 43 the
ga‘?ﬂoquaq_ugeo?g%ﬁ%oé#ﬁrgaf %Ggregg%g%sﬁo'vtet Zléoerl}llﬁ%lag}'{ 89 not

means " 1'irm e ‘arrangenen odrment s
IR A BRI YPe L PrOW. § LQ EYRE BEReq the RUiRSERhehNVENti ON
can be alsd applied to a case in which a plurality of
dsigiaheptBeessi g il eckeweanethe omnected denvpar akl ehe
behind the DSP 1. That is, after the gain is set to
sidmalf Bbsen@fhd dmaww ibeddestue bédr iat tstep 88HBI nent
the gain is sequentially set to the second GCA 25 in
eacHSef= t4 & gaBMapr ocessi ng bl ocksconnected in - 41

Wist%Sgg:?ngop xa£1zaljc|>ne,.l tlhrz]e tll'égeieg% tslgeagseignal 55 is set eqgual

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. DNcte that Fig. 4D is an example of a

case in which the data value corresponding to the level Ldr
is set to the prescribed value Vdr. As described above,
when the processings up to step S211 are executed, the gains
of the first and second GCAs 13 and 24 are set.

It shouid be noted that the present invention is by no
means limited to the arrangements of the embodiments
explained up to now.

Further, the present invention can be also applied to a
case in which a plurality of signal processing blocks are
connected in parallel behind the DSP 1. That is, after the
gain is 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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Further, in, for exanple, the enbodi nent expl ai ned up
to now, the exanple in which the one set of the signa
processing block 4 is added to the DSP 1 as shown in
Fig. 1. 5 However, it is also contenplated to apply
the present invention to an arrangenent in which a
signal processing block is further connected in
series behind, for exanple, the DSP 1 - the signa
processing block 4. Further, although the above
enbodi ment exenplifies the 4410 inage di splay apparatus
as equi prent including the signal processing deW&F0772
based on the present invention, a display device such
pasablqll asmahei sphaystageat hode ray di splay tube, and
the |ike may be enployed as the image display
appdiuathsr, in, athi tixemple t he LOmodimeniieexobat peisp
types of devices 15 such as _image recordi ng equi prent,
LD (fegierarPver satitieh dhecpnpl 25kerot 4G tRENAT ke

K [ f ' digital vid
oL A BRSEI hoLs AP hG P BBent: T AventiR thnt e 1

ﬁﬁgl' d.to.th '§Hgg@3 Eupt her houg

He oédlﬁné%tt lteszxg%'r%ﬁufl es gaécgtﬁ ?ﬁeap%%" gai n%tr%gtgﬁg

iWGRA o3 @Bakn hir&anme dlisowapehi £k itdhaANprocessing
arrangenent for executing the digital signal

blpdcdssifngther somgraltedchdwi pgrothdreiordmttersaghmabe an
audi o signal and the. [like. 25 Industria

thapRISEcdbil khy sigal SEBEREFP2nyARLIAGES A+ bed above, the
present_ invention gvercones a problemin that, K when

SigﬁHth%F’aﬁ}%ﬂﬂﬂgggtgﬁgﬁQPv?(ﬁWﬁﬁd%&%@t exemplifies the

image display apparatus as equipment including the signal

processing device based on the present invention, a display
device such as & 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 prccessing, and the present
invention can be applied to the equipment.

Further, although the embodiment exemplifies to set the
gain to the wvideo 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




i nput and out put between two bl ocks for executing

digital signal processing, a dynam c range is nade

i mproper by the dispersion of errors of the signa

levels in a D)A converter and an A/ D converter

di sposed in the blocks, thereby it is possible to

provide, for exanple, a result of the reproduced

output of a signal with excellent quality. - 43

CLAI M5 SO5PO772 1. A signal gprocessing devi ce,

conprising a first digital signal processing blogkspg772

and a second digital signal 5 processi ng bl ock,

wher.gi n: the first d|g| na ssi.ng block

conpri g%s Tt ??ssb%ﬁﬁﬂw agjﬁs?%e # ﬁ%anslon FehoR® @
pHbgi 4Rl rSir@nal whéHbéﬁﬁ-Iae.Lds ¢ BhedaLess %a‘i‘ %Eﬁgt are

signal processing is ~1nput and from whi the digital
isp@haind sueBLpUbetfdet @olB1gakn aecostHdGithg aigetal
gain value I1s given to the digital signal; and first
stgma t giracesanabpga cymearisi gangeahs hade copreptingy the
~digital signal output fromthe first gain adjustnent
dh%%ﬁ@ﬂt@él &h anaPoy =i ghel saadadulpueis g che@/anapegerter

gnal 15 fromthe first digital nal proceSS|ng
_ Ib‘lic?dkA PhECEBRBHRT oqjgﬁﬁoéledsﬁﬁnéhe p?g i gepEBEKit 1s
S conyer n ns_f
PSR PRor AL D A YTk Br CRT SR TIT o Fhe BT o

oliG@nalog 99&M§iSWth é%%@ﬂ%eﬁﬁ &H&liﬁJSt dlglta|
si'gnal processing block to a 207di gi tal S|gna
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digital signal processing neans for subjecting the
digital signal output fromthe analog to digita
conversion neans to predeterm ned digital signa
processi ng; second gain adjustnment nmeans to which the
digital 25 signal output fromthe digital signa
processing nmeans is - 44 SOSPO772 input, from which
the digital signal is output after a gain according
to a set gain value is givep,to the signal, and to
whi ch gain sensitivity |lower than that of the fir§§5P0772
gain adjustnent neans is set; and 5 second digital to
anal og conversion neans for converting the digital
signal output fromthe seEbhtQain adjustnent neans
to an anal og signal and outputting the analog signa
fromthe second digital signal processing block, 10
the {first.digi |0 ersi - S e
anal'cy To° T et A bRt AR e A e PR TSR AT &
digledl Gignan Whbedss hey Miigandal ussMddididie1r angeal
of dispersion of the errors of the signal level in

ptoeeddingt bldey) twhet@iranal og conversion neans is equal

to or larger 15 than the maxi mum value within the
rangéeofidsspdrgiten ofignkd peecersingf Mlssksicgnakises el
in the analog to digital conversion neans, .and the
si griaf Spr SRES AR FEF L "EAFE NS "Horpr Ps€493 Tkt &41%n
R OT R LR iRl e o e 20,011
input and from which the digital signal is output after a
gain according to a set gain value is givén to the digital
signal; and
first digital to analog conversion means for converting
the digital signal output from the 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;

second gain adjustment means to which the digital

signal cutput from the digital signal processing means is
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first gain set neans for setting a gain value to the
first gain adjustnent nmeans such that the | evel value
detected by the detection nmeans is set to a maxi mum
value within the range |less the a prescribed value in

a state that 25 a signal whose level is treated as a
maxi mum val ue in the - 45 S05P0772 first digital

signal processing block is input to the first gain

adj ust ment neans; and secong,gai n set means for

setting a gain value to the second gain adjustnmegspg772
nmeans such that the |level value 5 detected by the

.det ection ans is set to.a maxi mvalue w.thin the,

LPRHe TG 0 FRE cGLo T i SCRBR 0y B8P TR VAItEE 2 AR
, t i . I l..15..t

2SO o 8 Spal B i0and SXChiken LEOLRL ABnd1, and <o

wil @t rSisgnali tRLOeesEd G Rihacktabtesr thie dairRtvahug

is set by the 10 first gain set nmeans. 2. A signa
api ocessithgedasi ¢@ accoratidig to claim1l, wherein: when
the gain of the digital signal is changed, the 15
firsecgadndsetitakans drppoygscanseghiadn Wieege Fevel is
treated as the predeterm_ned maxi numvalue to the
CORYREEIAdgithEl d1gi Bkl SiTNGce SEFRYT nEEMS ¥ WerPnasIt e
agﬁiq:value is sgt to the fitsg ai n_ set ng%ns sg&h
AR FEFEF T8I e 86t 849NBY THe UEEELLTBR ns
aﬁ%loﬁgets ié?laﬁ_l ??éh“%‘l’cﬁ% Vsa%c%%d?""dﬁgi Pai h§icfrga il %Q%%ekgﬁéﬁ%
thanm the prescribed value in state at ‘the ga
pVsdwe is set to a maximumgain value in the digita
the first digital to analog conversion means and the
analog to digital conversion means are set such that a
relation, in which thé minimum wvalue within the range of
dispersion of the errors of the signal level in the first
digital to analog conversion means is equal to or larger
than the maximum value within the range of dispersion of the
errors of the signal level in the analog to digital
conversion means, and
the signal processing device further comprises:
detection means for detecting the 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 wvalue
detected by the detection means 1s set to a maximum value

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

a signal whose level is treated as a maximum value in the
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si gnal processing neans; and the second gain set neans
i nputs a signal whose level s treated as a
predet ermi ned maxi numvalue to the first 25 digital
signal processing block after a gain value is set by -
- 46 SO05PO772 the first gain set neans as well as sets
a gain value to the second gain adjustnent neans such
that the level value detected by the detection neans
is set to a maxi mumvalue_. wthin the range equal to
or less than the prescribed value in a state tha§0§g5%72
gain value is set to one tine in the digital signha
Shn%#neans. 3. A signal processing nethod. of

fg%ge TG PRI BT IS SiYn & OpK ot 2 sy i t88cHhES T
ggigigéﬂuégﬁigglme&gspr£&§ssing, wherein: the first
1'git I [

si gnal “processing conprises: a first gain

adj UslaRat cRIRCEAUNR 43 WaCR A i did &)ainSkARAL to the
subj ect ed ?o predeterm ned digital” signal processing
séSondpHinand ) whteénginema sgahNtBSEOf il Nl aasead
gain 15 value; and a first digital to anal og
detavard icon tpeodeter sl dromeangnyer $e¢ngtd e meixgimual value
signal obtained by the first gain adjustnent
whrbide dlee reBIane @Rl dP SirgAarsakterisiiyy rsscrakafoglue

. signal as _an output fromthe first, digital signal 20
DD St e oGPt APVS] gial COCEsENG

D egdr%ér%%éd AR ANAl Q%at2 9Lt Lal. CONVELSIQN R QegaUL £
signal processing block after the gain wvalue 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 wvalue to the first digital
signal processing means as well as the gain value is sei to
the first gain set means such that the level value detected
by the detecticon 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 é predetermined maximum value to the first

digital signal processing block after a gain value is set by
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converting the anal og signal obtained by the digital

to anal og conversion procedure included in the first
digital 25 signal processing into a digital signal; -

47 S05P0772 a digital signal processing procedure

for subjecting the digital signal obtained by the
analog to digital conversion procedure to
-predeterm ned digital signal processing; 5 a second
gai n adj ustment procedure tg.which the digital signa
obt ai ned by the digital signal processing procedu§®-g5772
is input and which gives a gain by gain sensitivity

| ower than the first gain %djustnent rocedur
thRcordingd 3e5ebeihit VAl &e?saﬁatiogaﬁaslé‘cé’ﬁ ue to the

Lo .t 0 I rsj r ure. fo c ting
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outputting the analog signal fromthe second digital

whtginalther @eass agualhitis ovheeesnthhe SheiRlespt-abesastatue
nmet hod further executes: 15 a set procedure for

iz et titagea tbachther@dat iveluehas the tongrismmimealioethe
within the range of dispersion of the errors of the

digigdl siepell PrRoGeIRVIC &@8Fr esponding to the first
digital to anal og conversion procedure is equal to or
larger than the maxi mum value within the range of

R AT A SR

etecting the |l evel val ue of
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 analcg signal and using the
analog 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 intec a digital signal;
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the digital signal obtained by the second gain

adj ustment procedure; 25 a first gain set procedure

for setting a gain value to - 48 S05P0772 the first
gai n adjustnment procedure such that the level value
detected by the detection procedure is set to a
maxi mum val ue within the range |less the a prescri bed
value 'in a state that a signal whose level is treated
as a maximum5 value in thesfirst digital signa
processing is input to the first gain adjustmentgyspgy7s
procedure; and a second gain set neans for setting a

i | th d gai dj ust dur ¢
SuciT (T Phost Sveh RAAATe= 1081 BECEITEAF (A5 apect T ore
_ e =" B 7
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predeterm ned maxi numvalue is input To the first
pdogeéding;si gnal processing block after the gain val ue
is set by the first gain set procedure.

a second gain adjustment procedure te which the digital
signal obtained by the digital signal processing procedure
is input and which gives a gain by gain sensitivity lower
than the first gain adjustment procedure according to a set
gain value; and

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

a detection procedure for detecting the level value of

the digital signal obtained by the second gain adjustment

‘procedure;

a first gain set procedure for setting a gain wvalue to
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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 the 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 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 is set to a maximum
value within the range egual fo or less than the prescribed.
value in a state that & 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.




