1 | NKJET RECORDI NG APPARATUS HAVI NG ELECTROSTATI C ACTUATI NG

MEANS AND METHOD OF CONTROLLING I T This invention concerns an inkjet
recordi ng apparatus, e.g. a printer, having el ectriostatic actuating neans,
and to a method of controlling it. In particular, the invention con- cerns
a charge conwoobesmgsmns for the el ectrostatic actuator. | PlCTARIR00250 er S
using an el ectrostatic principle for pressure generation in an inkjet head
are known in the prior art. JP- A-289351#1B90 discl oses an inkjet head
conprising a silicon substrate having formed therein i nk passages each
connected to a respective inkjet nozzle at one end and to a common ink
reservoir at the other end. A side wall portion of the ink passage is

formed by a di aghkGifRLa CAMCORBER t ARPARS WIEHr espective individual or
nozzl e el ectrodeyp §CJ§JEGM@§§IQﬂEt@fbﬁbﬂdﬁ“*%g%@&bﬁce of each di aphragm

D sposed opposite the nozzle electrodes, via a gap, is a common el ectrode.
Each di aphragmwi th its nozzle el ectrode and the opposi ng conmon el ectrode
constitute an §%éﬁé dﬁﬁbathTH§C¥ﬁV§ WFronM th the nozzle electrode and the
common el ectrode formng a pair of capacitor plates. A simlar

el ectrostatic actuator or fluid jet ejector is disclosed in US-A-4,520, 375.
In this latter prior qart I L4 ZI | em conducting property, the
thin silicon dlaphra1 Fiel # éﬁﬁiﬁ%e capacitor plates. Applying a
time varyingsvol t age The timyeptpeni relates dos digdtdilapganagrden Wiadeet into

mechani cal notio ﬁ%%l? e gy ??aq. d _a(#m not i on.
Mor e partlcularléb en tﬁédécﬂﬁ ? |é1dw§§§g'd t§ ggg&Fgld% éﬁgc rostatic
field between t hudmpa&pnamatpbausmgtm@ asmpagssion| techniguesdddt n a

direction to Incéﬁ@%ﬁm&%here u aﬁf ﬁﬁﬁai:H%éﬁﬁiiﬁggﬁgggﬁﬁ8£respond|ngly

decrease the preSsure, ing in reservoir. A
foll ow ng di scharge of the actuator causes the diaphragmto return to its

initial position 2. pescri Eggﬁegy_gﬁgw§g¥§!gg BQE vol une of the ink

passage resulting in sure in the ink
passage. |nl0 A concurrently filed patent application of the

inventors entitled “VIDEO TRANSMISSION APPARATUS
EMPLOYING INTRA-FRAME-ONLY VIDEC COMPRESSION THAT 1S
MPEG-2 COMPATIBLE” is incorporated herein by reference

for its showing of apparatus that can be used in

15 conjunction with the digital camcorder video apparatus
described in this specification and its accompanying
drawing.’

Digital videc cassette (DVC) electromagmetic tape

recording is currently done using standards developed

20 in a High-Definition Digital Video-Cassette-Recorder
Conference. Five standards were established in that
conference, including a standard for standard density
(SD) recording in which one frame of NTSC video is
recorded in 1350 syncblocks. These 1350 syncblocks, 90

25 syncblocks of accompanying audio and 44 syncblocks of
overhead are distributed amongst ten successive
helically recorded tracks on the electromagnetic
recording tape. Syncblocks are uniform in bit length,
and five syncblocks comprise a segment of five

30 macrocblocks of DCT. Each block of DCT is based on an



response to the ptessure increase ink is ejected through the nozzle. The
following is a nore detail ed description of the operation principle of such
an electrostatic actuator conprising a pair of capacitor plates of which
one is attached to or forned by a di aphragm and the other by a counter

el ectrode (hwpobpnhs er referred to as a nozzle el ectrode oPCTKRIEY0250

el ectrode) which is disposed opposite to the diaphragm \When a voltage is
applied to the actuator, i.e. across the & aphragm and the nozzl e

el ectrode, the resulting electrostatic attraction force between the nozzle

el ectrode and ”b‘i;ﬁx%‘lhbg dﬁﬂe@ESbidEk draphpagnMihagdedsk 4 Ovamfls tihe nozzle

el ectrode. On the other when bent, the di aphragm generates a
restoring force. lutH@3RCs: &Y) t he f3URIAA SWicReaBoAenselvfin Hdali aphr agm

during the appl 'mu%ta& 81 vkt a5 azmtﬂﬁe the! ’ééicﬁicai &reééforfﬂa%ol acement
of the md-section of the diaphragm (herein- after referred to as

"equi |l i brium di ﬁhﬁé@ﬂ'ﬁﬂ@ﬁﬁa whinange jaolex: dififarenes signabn@r)i on at
uhi ch the electrgnd Ad ¢nbopg %ﬁmﬁumcag%iofeaigféf%é&rﬁ 1€ in

equi | i brium enot es t ressure acting on the agm | response
to the restorl ng(Cﬂ:dr-ceF@hhtmcumlag?ﬂntﬁmﬁefauﬁphla@mob%;ﬂlaiCMnt A

Is a proportlonggféé%ecg‘ %ﬁ@&r‘(‘x M| ne 21 ge oghgngﬁ?lé’h‘y W& and K

the conpliance ragm c ange i n volune per pressure),
the rel ationshi pﬂmmﬂeseftﬁ:e@nd/am.amhem blgrkenany ohevdniabde ng
equa- tion:

(1)
Li kewi se, if Va dlencl?t esgt)ﬁhe te:r"]ﬁ"ia n% e:i'/eola,[rgggsgf b?ﬁ C%eré‘lc?egt{xent Jf t he
di stance (hoei rictie 3D 'srapdavfgt of e aswdiow talseadhupdragmnanbesmamzzl e

the_di aphr agm | it ELERL el Epplisfiled it 305 daREBnL (6 MOGISMAAT Docn The
3 di aphragm and itegesxf] eequésitedeesclufilcan bPneqodtthe ¢Bjeatsives [err]
T e oo G0l DA SR SGE ey e AR AL ) 1
bytes available in each successive group of ten tracks,
15 so that the number of null bytes is reduced and so that
image resolution is improved by using those previously
unused bytes.
The HD Digital VCR Conference established a high-
density (HD) baseband standard in which each frame of a
20 high-resolution television picture, together with
accompanying audio and overhead, occupies twenty
consecutive recording tracks. The conference defined
further standards for recording direct video
broadcasting (DVB), advanced television (ATV), PAL+ for
25 Europe and EDTV-II for Japan. For the most part, the
recording scheme for DVB simply involves the payload
being formed from segments of the transport stream for
this transmission medium. A similar cbservation can be
made concerning the recording scheme for DVB. However,
30 there are rules for the insertion of data to support
trickplay reproduction from the recording, in addition
to normal reproduction.
The high-resolution TV picture contemplated for HD
baseband recording is of MUSE type with 1125 scan lines



Figure 34 is.a graphical representation of the relationships given by
equations (1) and (2) nanely the generated pressures Pr and Pe each as a
function of the diaphragm di spl acenent. These graphs are based on the
foll ow ng paranmeters: K = 5x10- 18 [nmferr]/N, 1 = 0.25 ([err]m, [err] =
8. 85 [ pF/ nl wooeskemsel ectrostati c pressure Pe as a functi onecifKresiew2s8hown
for several values of the voltage Va by respective curves in the figure.
The rel ati onship between the di aphragm di 8ptacenent and t he di aphragm
restoring pressure is indicated by a straight line. OF two intersections

bet ween the strghghizoed i NEnBRGCRABAXEYEVSerx dhr NliYeseCithBReOBKl Nfed of t
side indicates the equilibriumdi aphrag-m di spl acenent at the particular

vol - tage |evel iphkhe|jartygnqosmiza; thaborkadd hapsbagd whrpAarfedaes ai ght
line representipget BEnFSSH Hd 3 E%SEHEGE%EQ%JP?E&%EH %Sg EHeVe

representing the el ectrostatic pressure do not intersect g., 35 V), the
el ectrostati c phéghodefinition progdeastrtteleyiginn standardy pressure of the
di aphragm igre 1Yénéd dvand 2RLVaR {3l m Therefore, in
this case tﬁr’e d?gg %ceﬁhent %né‘g tomargglaﬁ?ir)lél‘{y. I'n rgg@gtice, however,
t he maxi mum di sfrmméhtee. ofTheh ATECaghrRGATE sSupRAntisc¥8@® Bcanhdineaite

di stance betweepsthie aﬁm% : n I yi such
actuators as degé'ﬁ.'lﬂbggba ove ?15%21 1?‘%%%%&%‘&% o’quad’egg%gra& ﬁ'\gﬁébpgg%t us

i nvol ves the fobBceni hines opitdny20 luminance pixels per interlaced or 4
| mproving the o LORs e{& fy st.he oL Al iadzz%ar S uires an

I ncrease in thegﬁ’ggégﬁ%@ga \kﬁgiléhgfhzﬁlﬁné}g%@gjhea i“g'ttgla%ggiae of

conti nuousiyp ej dumingneekpikels @ex, progressiee rasgodsae,r agdeb0g0of t he

i nkj et head. Wh t i hi L Oky £ SSP . t he

di aphragm if t%%ago gﬁ%o %;isﬁg)kigiégggggéigé&# ncrg;a%g 5‘t@tce)%]'rggéfidl y by
appl yi ng steep pohvelinet ageskrown pracging isctactacomst twai dababbl es :
pplylng p & )

intrude into the i S . n . t to_ Furt her nore,
rapid pressure \%gbplgfl?gnéegﬁéc;ﬁ#&%n%%ﬁ%ﬁ%%@%&’rre%le/‘rcgause ni t rogen
and ot her gases ptiecededchyia tiwe isthmpt, oibubive symchlodkizse ofa®FVsuch

bubbl es exi i%iyﬂgli nk passage, any increase in pressure due to a sudden
di scharge of the actuator is absorbed by the bubbles, thus degrading or
preventing ink ejectIba. audiwraignalsauesed dsasouens isignaflst Re ¥Waphragm to

t he nozzl e el ecty AL aViLBr gt i, apRragm whi ch in

turn often caustgrg’g\?lcgggﬁﬁaco ?C?és%?@%%g’f hP‘hg %‘l@g%ﬁré: mrz’gfggang?%f he nozzl e

el ectrode that rmrkedstibtthe 27 MEzagystem: hdockk|and lkewd encoded '
according to the digital audio compression (AC-3)

20 standard specified in the body of ATSC document A/52.

The resulting compressed audic information is parsed
into packets identified in the packet headers as being
audio packets.

The video signals used as source signals in TV

25 broadcasting are encoded according to the MPEG-2 video
compression standard. The resulting compressed video
information is parsed into packets identified in the
packet headers as being video packets. Transmission is
by groups of pictures, each group of pictures (GOP)

30 containing coding for an initial anchor frame referred
to as an “I frame”, subjected solely to intraframe
video compression, followed by coding for a succession
of other frames subjected to interframe compression
coding. These other frames comprise



In addition to the above problem electrostatic actuators tend to be driven
| nproperly by external noise and induction noi se because they can be driven
by small electric charges. In particular, since actuators of on-denand type
i nkj et heads are often driven separately fromtheir neighboring actuators,
on or nore agoer48 Which are not to driven at a gi ven nonBCR/KResi00Z80e

di sposed side by side to an actuator that is to be driven, sonetines
operate inproperly due to the induc- tion #4otse generated by the driving
current for the driven actuator. Also in the actual operation of this kind

of inkj et heads,séf@aﬂl[éd/i“'i‘gf&-&_ﬁn@é”a&ndr@é’@a)ilte‘ae“ﬂ%kﬂﬂegeﬁWe@(?ﬂﬂﬂ_:ﬁ | nk
ej ection and the next ink ejectign, often becones fairly |ong. such

n
cases, the probl €oF FFagh® drameohscBRsed oy Bhfersarefopicthat seideo
5 An objective Ofrarxﬁt@ I eRAUa15PYCRLbR R tﬁaafeossdgggpibeéa%fecmd' ng

apparatus which allows high-qualifty recording in a s e nman at a high
recordi ng speed, exFrppfiatiionaframhagRoste| yegant preyiguduendi of tthevien when
used for a lgng Lj %ﬁg&%@r- bj | he | [ | o) | de such
recor- ding gppa%‘%@ﬁgs I C 'cgfir} gg%#?ﬁ%rﬁ QSI g%é?’%%‘egag§aggl%§v£%¥é|€e
voltage. Still aeytiiocksgomparisonf betweem\khe moxei ecenpr ofi these net hod of
driving such rec | Ay e '&g%ﬁ aghi ,th a
recordi ng appar aﬁﬁg‘y{a@l&gﬁ;i ned‘isrflrgﬂl%—lgh] qJ1%an \éé%%etghgg gskg al n%% inclaim
16, respectivel ybasspext [dif fexppogsnefit thatyividedre Eramecini aatuality

subj ect - mat ter Ofbhe lAPGHER! o6 BESRLcted 1y AldigRLRGohay AN expl anation
of the operatl on of the present I nvent | on.. I"gure I'S a characteristic
chart depi c10ti nimterpolatdion ifaamhiappréceding onehanddasphaceeding are t he

di aphragm and t hgcelect Qaﬁf:f ' city of the actuator as determ ned by
nunerical cal culg{:i%lg&s.fl n trll,le%ﬁggggé, the horizontal axis shows the

di spl acenent of the MBESw2agompaedsefievided iimisuwditied todanat es the

el ectrostatic ca | A _di splac . i r es the

di st ance betmeen2§§£{%|aﬁﬁ?aﬁ%ﬁgnégtﬁgfﬁ%ééﬁgﬁe;%g%Fgggégggkugg#%%reasing

t he el ectrost ati thexpats tnotc smichn cohcern asith hregaxdatiot sheedifdaekty n t he
range from ggpro 'q@éﬁ! E UNCt | t
displacenen?gof ?ﬁe |é%ﬁ$3§ﬁ%o Eﬁﬁé%@%%f@%gﬁ%g?é%h%%égggg%ﬁ %?%%?%d i nk
dropl et the ink Gommattitin mppddcatjonsrviexgh epssl iofy edétingi wided hiss gap
bet ween the di aphga t e Ogﬁ | I pkj ead of the
pr esent inventioggig&%re érgﬁfggéé%igtb§&%§nl ﬁgﬁ%H§FOEFe§§?%1and a

maxi mum of 2. 0] erelying aldth@t @ld ovninterframs compressdoncal drive voltage .

o PP het Dot b P k! 3688 ofl' D6 ARRALA VAol Bl Ebéfod Mo 11 Ve
20 techniques. Ease of editing video is desirable for
editing of video recordings to delete undesired frames,
to introduce frame repetition for achieving slow-motion
or
stop-motion effects, and to insert reverse motion
25 sequences. By way of further examples, ease of editing
video is also desirable for extracting still pictures
from camcorder recordings, for extracting selected
video for transmission over the internet and for
editing commercials out of video recorded from
30 Dbroadcast television.
In systems for processing video in which ease of
editing video is of concern, the inventors advocate
intraframe video compression encoding every successive

video frame in accordance with the way intraframe video



shoul d be as.close to the lower limt as possible. However, the snaller the

gap length the higher the liability of the diaphragm and the nozzle
el ectrode comng into contact with

each other, as noted above, with the risk of the head bei ng destroyed.

The present invention provides a control of the chargi ng ppegRass/tsot he
act uat or whavedyoo®d8t her the duration or the voltage of the drive pul ses

applied to the electrostatic actuator is get to a value or controlled such
t hat the di aphragm does not touch the nozzle el ectrode even if the gap

| engt h between the di aphragm and the ngzzle electrqde is _extr ly small.
Thus, there is pomgzegsionhencadiag ARj 8PnReSY :Fniﬂﬁch% %gﬁ'e?&eggzs a result

of such contact. Thi g engu-yr lsangnafr yaestified ol beilmggh reliability
of the inkjet hé@&&‘%he @%ﬁ?r%ﬁn}d J%inspl_acerrent o& Ihettgli aphr, ag_, results in
reduced vari ati Gagrafranke videoiconpnessipBeBnGAded LS rﬁ%\}l recordi ng

quality. The small gap |epgt g St 1 aBkietobeatcior dmmes=e iat a | ow

drive vol tage Ié??@‘fgrpsBygggp?%lg%i&agt)}el ftcontrol | i na t he cfigr e .%t.eétdand t he

di scharge rate qfpgdw.acBugboventivngl MRESuHs ERFPEGHRTY %ﬂr\ooc%. obtai - ned

wi t hout danger of bubbl e n [ YelaBhioabhtgbty€lmm. advant ages and

speci fi c enbodi et @R [o%g: g?gée‘g el%vcedr?ﬁ on wll bg exgl ained in lEdet ai l

bel ow wi th ref er gieariativedydr shengagoder \iaxcgncodipg JYst @AnCGROR Q% 5y y
expl oded perspective view ,of dinidleibaadren eheref erred
enbodi ment of thd FFREEE can be c?%’%%,iera%%. gdﬁl S a side cross-section of
the inkjet head gheyfled Nrequired Epy.cading iR framess aRdsBEFRRSF 3Few from -
line AAAin Fig. 2 Fig._4 is a L Lo 0i A Meeld g5k 8héngotien char ge
dis- 10 | bHELHN2R n’gtwngsécts?'%g%a |éc£%ct uat or, _

estimation circuitry that forms a substantial part of a

6

complete MPEG-2 encoder. The motion estimation
circuitry requires memoxy with storage capability for
plurai frames of video information. The inventors

15 prefer such a simplified encoder be used in a digital
camcorder for reducing power drain on the camcorder
battery and for shaving the weight and size of the
camcoxrder.

In many systems for processing video in which ease

20 of editing video is of concern, an MPEG-2 decoder is
already available for use in decoding continuous
intraframe video compression encoding descriptive of
consecutive video frames. So there is no additional
cost for a decoder to decode the transport stream of I

25 frames without intervening P or B frames. If an MPEG-2
decoder is not already available in a system, providing
such a decoder is reasonable in cost, since the amount
of hardware in an MPEG-2 decoder is considerably less
than that in an MPEG-2 encoder. Alternatively, a

30 modified MPEG-2 decoder only for I frames can be used.

SUMMARY OF THE INVENTION
The invention is embodied in a camcorder

comprising a video camera responsive to light images



7 Fig. 5is a funetional block diagram of an inkjet printer

enbodyi ng the present invention, Fig. 6 is a block diagram of a drive
circuit used in a first enmbodi nent of the present invention, Fi g.
7 are circuit diagrans show ng an exanpl e of charge and di schar ge
circuits of ywWdeygtdgve circuit of Fig. 6, Fig. 8 is a tinpogxkrbsokseshow ng
I nput signals to the drive circuit,, the voltage waveform of the
actuator's ter- m nal voltage, amrdeéa-waveformrepresenting the

Vi br a- tion of the ink meniscus forned at the tip of a

nozzle, Fig. %oérguggggméiﬁaﬁoa@&gﬂslglbﬂsareﬂw%%r%g.@s&h%-

principle of the ink, age and actdator system ! clrcuit
di agr am showi ng Camceibny| xesponsiye: t@ ke video gignadsyswppdiednbyeans,

Fig. 11 is a timng t Ml gagalel éﬁéﬁ' e first
enbodi nment V\/nere%lh% Zgﬁgf’dc%géﬁ%ﬁ’?b%?‘gg??ﬂg sé eecﬁ)brbgf\%egrr\a%‘ﬁgo%ﬁarge
and the di schar gérpaucewbich segnepte] aressusceptible dicagiemadingwbyg an
exanpl e of the tim _ o | lee._f or obtaining
2hora” * =" i Mio-2 decodifle arRREAk) Mdnd A e ibde” e

m croprocessor ledeetiromagneticallanwecardingothe heranspont mtkreamgaser ati on

nmeans generat | A i LO 0 a_sinpli.fied nodel
for the determ thrﬁ'ggf gapfé&&g gg’%ngﬁqﬁéi g%%g%‘g%e%f aof“%lgﬁgt%fzect rostatic

act uat or, recording medium. 8 Fig. 15 is a graph
showi ng the rel ationship between the drive voltage applied to the
el ectrostatic actuator and the di aphragm nozzl e el ectrode cont act
tinme, BRIEF DESCRIPTION OF THE DRAWING

10 PIGURES 1, 2, 3 and 4 are each a schematic diagram

of a respective camcorder embodying the invention.
FIGURE 5 is a detailed schematic diagram of
compressed video signal generation circuitry that can
be used in the camcofder of FIGURE lor 3.
15 FIGURE 6 is a détailed schematic diagram of
compressed video signal generation circuitry that can
be used in the camcorder of FIGURE lor 3.
FIGURE 7 is a schematic diagram of snapshot
apparatus as can be used with the camcorder of FIGURE 1
20 or 2.
FIGURE 8 is a schematic diagram of snapshot
apparatus as can be used with the camcorder of FIGURE 3
or 4.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

25 FIGURE 1 shows a camcorder embodying the
invention. A video camera 1 generates frames of video
information in 4:3 aspect ratio including luminance (¥)
information having 480 active scan lines in each frame
and 720 (or, alternatively, 640) pixels in each scan

30 line. In a camcorder for home use the video camera 1
generally employs a single solid-state imager with a

color pattern filter; in a camcorder for broadcast use



Fig. 16 is a.timmng chart for explaining a second and a third

enbodi nent of the present invention, Fig. 17 is a block diagramof a
drive circuit of the second enbodi ment of the present invention,
Fig. 18 are circuit diagrans show ng an exanple of a voltage

detection ciwewhhyragd a conparison circuit, Fig. 19 is apgragtesdoe2sgr am of

a drive circuit of the third enbodi nent of the present invention,
Fig. 20 are circuit diagrans show ng an €Xampl e of a current

integration circuit and a conparison circuit, Fig. 21 is a block diagram
of drive circui teyd ﬁdEBUEEﬂeES'tPTgenerallydbﬁ?ﬂbygfbéﬂﬁ 8P I nvention,
Fig. 22 are circuit diagrams showhg an _eXanple of a variable timng

pul se gener at i orPREES%s WAkl reepeelive AeliiG-ghate imagexifpmpacheafs, Fig.

23 is a circuit (i, : %ﬁgg rigt - 4l fion

det ecti on neans, Fi g%gf??g EE | ag}fgrglgh}g\% ngiteﬁeefmegec’far?ﬁ%&schar ge
char ac- teanens ds isf presumed o dncdude golontwatmixing he |
resi stance val u resdst eg, Tﬁﬁi 25 is a

di agr anmat i csacr %s%cs‘%g??g%gg? teﬂéééi‘%f(? &e"t%'%eof?lg?ﬂlg?\%i % 8 |%sa timng chart
for explai ni ng atumimamcenti¥lli information, gled-minpsetuninanmcentCain,

9 Fig. 27 is a ﬁiﬁ L.agar I:mn?t ' Sty R e h '

circuit of the f‘Tb# é‘%‘ggi %? 0 %‘#e’ presgjral:tagi If‘ll\Q/IeI%g f‘mq{ﬂa\é? S o%c':b
chrominance information as the components of video

information in 4:2:2 format.

10 A video input processor 2 converts the ¥, Cr, and
Cb signals to 4:2:0 sampling format by performing a 2:1
decimation of each of the Cr and Cb signals in both the
vertical and the horizontal directions after separable
lowpass anti-aliasing filtering in both directions.

15 The video information from the video camera 1 has two
line interlaced fields in each frame of one-thirtieth
second duration, or instead is progressively scanned
with frames each of one-sixtieth second duration.
Designs for respective lowpass anti-aliasing filtering

20 appropriate for each alternative are known to persons
skilled in the art.

If there are two line interlaced fields in each
frame, a 7-tap vertical lowpass anti-aliasing filter is
used in odd fields; and a 4-tap vertical lowpass anti-

25 aliasing filter is used in even fields. Then the
earlier and later fields of each frame are interlaced
line by line into a complete frame for compression
encoding. This procedure generates a succession of
frames each of one-thirtieth second duration.

30 If the video camera 1 supplies progressive scan
video information with frames each of one-sixtieth
second duration, after the video input processor 2
converts the ¥, Cr, and Cb signals to 4:2:0 sampling
format, the number of frames can be decimated 2:1 by



Fig. 28 is a.circuit diagram show ng an exanple of the target val ue
generation neans and the variable-voltage charge circuit, Fig.
29 is a flowchart illustrating a m croprocessor based

i npl ementation of a target value generation neans, Fig. 30 is a block

di agram of ayoen@nd exanpl e of the drive circuit of pttmrbs/do2so

enbodi nent of the present inven- tion, Fig. 31 is acircuit

di agram showi ng an exanpl e of a vaBi abl e-vol tage charge circuit,
Fig. 32 is a block diagramof the drive circuit of a sixth

enbodi ment of tnglageﬁeﬁéeﬁaweﬁtérananteaaeeaﬁea&r@w 'g%"ﬁ'ér&té' lustrates an
I nkj et printer enbo he present invention Fig. 34 is a

gr aphi cal repre@éﬁpéPrﬁhe%ﬁ %cﬁcn%asetﬁsgmaﬁueccurrlngaﬂﬁ:haévcdnframee and
the restoring foLeg. acgﬁ the framkBe glgg@géugﬂﬁgyﬁ%$§ hg,di aphragm

di spl acenent, an ﬁ§P§E] 3 rgraCtngSth curve s oﬁ#hgrthe
relapionship nnmbege mﬁ@ﬂPlQn?(ﬁh&ﬁhi&gﬁf@ﬁ%pmﬁuﬁhﬂﬂn cayrERBCcel ect r o-
static capag y g e PEALALOL cachl Erbie APLI AU Bhbeklg -

i nvention w I e explained wth respect to a prlnter as dan exanple of an

i nkj et recor- dumgoatgparat ucheir occurrence Fi The ampddivdest ofi ¥, Cris a
partially explo PREE & V- e red
enbodi nent of t%gﬁl n jé dﬁ.(‘)\H@Nrsg%gr g?ﬁgéa%fgé:%%w%ﬁ r% B‘yl %gét he

pr esent |nventw@mblnﬂdtwlth%ﬂhQMﬂquunhﬂspenb%dnnm#he|¥mm§dmuueéy an edge
type head where t P | o] f a,
substrate, the tp'}eg%thlz.%ﬁ gn’g%ga%gtébe a%%ﬁ%ggé?oégdf%?% %/lpeg' Sg wﬂgrel n
the ink is ¥} ecpesuloofiiebdzinteriave dvdmen oheutxq:ng;wtf dadvefl firame
substrate. Fig teS a d t $ﬁ9! i.0K] head, and
Fig. 3is a sectr%onal '\;lﬁéw megk an ;g'x?dgé? eeﬁ%jlgéﬁégd 10 of

t his enbodi - nemcans linds o eachtnddefsamstaaeesombinbdxrihMetheérked upon

counterparts in the immediately succeeding even frame

to generate even-line fields of the pseudo-field-

15 interlace frames occurring at halved frame rate..

Video compression apparatus 3 receives the ¥, Cr,

and Cb signals in 4:2:0 sampling format for video
compression encoding. Video compression apparatus 3
also receives the output count of a time stamp countex

20 5, which counts system clock cycles in each group of
gixteen video frames. This output count accompanies
compressed video signal components in order to keep
track of the order in which they were generated. Video
compression encoding is carried out on an intraframe

25 Dbasis on every one of the frames. This is done in
accordance with the same intraframe compression
encoding protocol used on only the first, anchor frame
of each group of pictures in MPEG-2 video compression
encoding. This intraframe compression encoding

30 protocol proceeds by considering each frame of the ¥,
Cr, and Cb signal samples to be composed of a close-
packed array of 8-pixel-by-8-pixel blocks arranged in
rows and in columns. The discrete cosine transform
(DCT) of each of these



the other and structured as described in detail bel ow. A first substrate
1 is sandw ched between second and third substrates 2 and 3, and i s made
froma silicon wafer. Plural nozzles 4 are forned between the first and the
third sub- strate by neans of correspondi ng nozzl e grooves 11 provided in
the top surfwo®ond74¢ he first substrate 1 such as to extendreuhxoamessal |y in
paral l el at equal intervals fromone edge of the substrate. The end of each
nozzl e groove opposite said one edge opens? imnto a respective recess 12.

Each recess in turn is connected via respective narrow grooves 13 to a

recess 14. In theAsganblyed-pirée Bitﬁ:liﬁq.%s%aiéuiﬁﬁé&'iﬂtﬁ%ﬁem i nk

cavity 8 communicating via orifices 7 fornmed by the narrow grooves 13, and

i nk chanbers 6 9x58¥ed e RET, eeelliaiepts, ofnepRR Aopixek-by-8-pixed

present enbodi Mgilocke¥EN vakebl Sfaral Ssan1dad ak¥ GihReiPad aldg! 9rooves 13
mainly to increase the flow resistance but also to keep the Inkjet head

operative if oncsSUEPLigd dnoaypieseeihad qudeyyas. bitceeriabinany act uat or s
are formed bet WeRRmdiE o %brana ét‘iﬁxf%eor ned%%ba&e&f?d\b@ :#)taf]om of each

i nk chanber 6 conprises a diap I nt egr al e substrate
1. As will be urkRspasdye DRE Bl es%sﬂ@@éﬁé@nr@f-e@%&l@l@o@m can be

easily and pr ec'%i‘géﬂ/ e@rft]:%g' B¥c8884 O uHieP A hae 8t £ih Meer rl’%d&ng L rrron

sen conduct or su

el ectrode 17 is ﬁpldmﬁédbarnvaneahlt%slemtenspémg Basedwpon wdeabilet he
wor k. function ofyd fb@e%%meagpéuem 5.0 Tl WbEhNS Lihadapd S Yitieh and the

metal used for t?’ue common

ectro is an I nportant factor rm ni ng
the effect B9 elcompuession dncludes mmmd@dltamhesSmmmor mat eri al
used in this enhgdi hagank i Sidy ide 1§ i"%f! conmon
el ectrode 17 has I'n Q)?t Eu Fa eréstrué:?!ure ma%gs%?%%n p mur%erc?ﬁ a

titani um base | azslerondergmtohha mmmmdapsr resubtbﬁme dagher is

provi ded mai nly e o, hy rate and

t he el ectrode. él’ﬂ%ﬁ%?eénﬁ?ﬁ\nigﬁ%dr}gs%q %Q;%Tgt ggmség?? nlgfte?lqﬁ)v\ever, and
various ot her nedaad glexsypicnblpchstings 1 50s symacbbedkm ot oriden '
characterisjics ﬂfé%ah% gggﬁﬂ.ﬁger :?aﬂx% el ectrode materials.

Borosilicate gl ass rex ass is used for the second substrate
2 bonded to the bott othes wideoe conpresssions @ppagatuse3 lsuppkide el ect rodes 21

are formed on ! Neolidsied 3 aBECPRELAMNN I tde? eBYRS %Ag&a&g%@ o @ 0.1

[err]mthickness T a pattern essentially matching t he shapé o ragms
5. Each of nozzlseemémezd)mozdlngnW|@l§s N&’E@lemméram—mdtngterm nal

nenber 23. A O. Zai gﬁgglfgg in yé@é'ggﬁrr Vg%énf,_. hQ£ tlda, dielectric

br eakdown and shor ring in Jet rom a Pyrex
sputter fil®&Pon hd-wﬂe;m.l m-c@urﬁabea@rs.hﬁlsmmadabstmdenﬂbmhﬂmmk for the

term nal menber s,giedd) ALIihs@PLEs ARedtrAld FolBkbYEel Ovidik, | NSUl a-

information by the video compression apparatus 3. The

picture header includes an I-frame coding flag, which
will condition any MPEG-2 decoder used during playback

25 from the videocassette recording to decode the
compressed video information on an intraframe basis.
This is so whether the compressed video information is
recorded directly or is recorded after being encoded
into an MPEG-2 transport stream.

30 The FIGURE 1 camcorder is designed to be
compatible with a digital videocassette recorder and
player in regard to trickplay. Trickplay extraction
circuitry 4 extracts trickplay information comprising
the zero-frequency and other



tion layer 24 an knsulation layer (5a in Fig. 4) may be pro- vided on the
si de of the diaphragns 5 facing the nozzle elec- trodes. Since the

di aphragns 5 consist of a sem conductor material such insulation | ayer nmay
be easily formed to a thickness of 0.1[err]mto O.2[err]mby oxidizing the
sem conduct ayopadeeds al . Such oxi de insul ation | ayer exhibi peTHReZéRENT
mechani cal strength, insulation performance and chem cal stability and
substantially reduces the possibility of BOdielectric breakdown in case of
a contact between the diaphragm and the nozzle electrode. This is an
advantage of 1oy frequend? Bt O £2eELERPE USE %h&%de%'sibhsskfngf an
el ectrode of the electrostdtic actuator. A recess 15 for acconmmodati ng a
respecti ve nozzbadogkscef cereery ancherofirane ae| evwmtad dmatheayidse Bondi ng
t he second subs t | ubsthabdbdaimsit ' I bration
chanbers 9 bei n&%?ﬁéﬁigﬁl ét@egfp%t?}st ?6ns&fc§f re%%jéses ’é'tlgfb(;l':tr%le ween each

di aphragm 5 an th¥esbiensborwhigh evervefzanet isrneodeshgssiancanchpr. | n

t hi nbodi t | the first

substrat e 'ﬁSPogﬁi 32%%??3%%;?%%%%# ?ﬁégﬁgﬁﬁn@i f 2, eiﬁeci ve

| ectrod 21. Tweghenyim da Eogvendtibnadi ¢ anuodi tigt h" f

Sagﬁ grggpeiss equ &le o? E g T ?:gplegp . I oY fu igepgp ul% nZtJ_ '?he
S Sl " g Skl SETUR S BaiEe 15

t hi ckness of the €leCtro St0 bé ' n FECESS can be
alternatively f pooegdianet hevexyp fnameade eficodedsag anl L fxsmeat bug. In this

preferred enbodi t QE% I S:15.1] ‘? r the pitch
and wi dt h of no?g’ﬁg S_F’%gges &é’%fél 5&§§l§mzﬁga%%éai‘ge egréra]gnlg rané:glg’g'ct i vel y.

As with seddnd $uasierat En2thémse editlervate ginhedimenus axf ftdve t he third
substrate 3 bon L.he .f ' b- rate 1. Bonding third
substrate 3 to g‘l%?'s?%’g%égét%‘g%jig%%%}%ngﬁe%géa%ofﬁaﬁ%\e% Kozl es 4, ink
chanbers 6, ori fsixteeh- faawe i parical and 8sedntonfupnmp \gemeriatidni e£f or med

in third substr a i n iLnk.cavi .| sypply port 31 is
connected to an%frﬁ‘ﬁinﬁk ?%%?nlé{%%#’i hﬁfheE%lﬁ%u‘?% t:étii"ssl rfigl’l%g 5'§nnect or pipe
32 and a tube 3%onveBitiehal MREG-& entodiugsecHBodewen;stembcditheats afiodi cal |y

bonded at [ersr] C. < Vi I e, Q Q.V to 800 V,
and first sUbst rta e'l%}%gﬁgg?%?éé}d giu%%ﬁ??gp é‘¥3{}glr:£a%tgn%€% cd‘ﬂ%@?‘%?ﬁe same '
condi tions to ayxeferretihesinte etvdigdngasranewastoradge ggor2 evairiyer bondi ng
t he substrates, gap .| t e en diaphr ag a ozzl e el.ectrodes 21
is 0.5 [err]mi Meg%ggbgﬁgﬂgn{e. 3 5Iﬁ§t gﬁgs?idbé;‘?@é%l&yaﬁﬁr gbﬁs 5 (or.
the insulation hedyeo tampréssigy apparates| at appréejalyy4d dheecring nozzle
el ectrodes 21 | %:rq.'cip[lggrr L:ra:raction circuitry 4 parses the truncated

20 DCT blocks so extracted into syncblocks supplied to a

data-frame assembler 6 for insertion amongst other
syncblocks containing compressed normal-play video
information or compressed audio information. The

insertion is done in accordance with a conventional

25 prescribed pattern that forms bands of trickplay
information in alternate recording tracks on the
magnetic tape. The data-frame assembler 6 is otherwise
the same as those used in a standard-definition
digital-video-cassette recorder (SD DVCR).

30 Stereo sound pickup apparatus 7 is presumed to be
associated with the video camera 1 in the FIGURE 1
camcorder and to supply a left-channel (L) signal and a
right-channel (R} signal. The L and R signals are
supplied to audio encoding apparatus & for compression



13 The thus assenbled inkjet head is driven by neans of a drive unit
connected by | eads 101 to common el ectrode 17 and term - nal nenbers 23 of
nozzl e el ectrodes 21. The drive unit inclu- des a plurality of drive
circuits 40, one for each actuator. Ink 103 is supplied fromthe ink tank
(not shown ivwotob@orhs gu- res) through ink supply port 31 i ntreTiKR8#0250

substrate 1 to fill ink cavity 8 and i nk chanbers 6. Al so shown in Fig. 2
is an ink droplet 104 ejected fromnozzl-e14 during inkjet head drive, and
recordi ng paper 105. Fig. 4 is a schematic view illustrating the

di stribution of g)&sdird tPRR Geferatdd CdliphdltsraMhallo! IREGARRLE Forf! €CT T 0de
when t he pol ar|t¥l of the applied voltage i's selected in accordance with the

present inventi okompresaipge egepdéng ¢an e dlonsr ipi ppy efibetmumken 9f this
enbodi ment and t{g, QR ol GebbPEEnd tSMPED BLARAELE, e%é%&f o of the
actuators are connected to drive circuits 40 (synboliz y a battery in
Fig. 4) so that tke A% Gitagdandavhentprcardific digdtadgteleviginn as by

uhich the cOBTON, OGRS SrECOiEEEd POsidd v oriabobATRECEo | dlfud 022! ©

el ectrode 21. The p-type jicon 1s do w th acceptor uriti‘es such as
boron and has ascodgymodilation {REMhusehemex acceptor atons. The pul se

vol t age establi shes rast at el l.cected I aphragm
to the nozzle el ect ro%9%§%5g80€ %ﬁ?%ééfe%ﬁtlﬁ %gl gsiﬁgpi %f[}%‘eéjp-type
silicon m grate FIGEREISL iqawioxdeon anyepexntingwode noghrolye®y charged
acceptor ions. B 5,6 are LNl f e.:00 r 17 the
negative charge g?%%%cg%teorcg}ngﬁg&%e%%u raa}trzée ﬁ %Eggggéﬁé% "?ch'ukgh

di aphr agm a3dSunes fipsisidabee frhmegassemblinonagdeaceIvohshie Edyst datag
created, i.e. th | eETelr LKL S rﬁgté : URGE) a
conductor. In ad F%h%%,ga né" aﬁ"@g éhérég% ccsumtﬂr glt:'gsegogﬁ#hgﬂ%%zz e

el ectrodes 21 si fizom/Ashen visleg comphespion cappsinadye 3pphdetheet ween a

di aphragm 5 and | ' n S active
force, due to stg{xlﬁ%P%Fée)ea %‘31?’32/%?8 |€%%Ig?%%}&g%l g{éﬁagi gpﬁ?g%rrléS t owar ds
the nozzl e el ect appar&tius 8 are utilized directly by a data-frame -

15 assembler 6. The assembler 6 includes forward
error-correction-code encoders for video and for audio.
The compressed video information is temporarily stored
in row and column array within a video portion of
memory in the assembler 6. The compressed audio

20 information is temporarily stored in row and column
array within an audio portion of memory in the
assembler 6. Per custom in SD DVCRs, the forward ECC
encoder for video is a two-dimensional Reed-Solomon
encoder using (149,138) outer coding circuitry and (85,

25 77) inner coding circuitry. The video portion of the
memory in the assembler 6 is.operated as an interleaver
for this forward ECC encoder. Per custom in SD DVCRs,
the forward ECC encoder for audio is a two-dimensional
Reed-Solomon encoder using (14,9) outer coding

30 circuitry and (85, 77) inmner coding circuitry, with the
audio portion of the memory in the assembler 6 being
operated as an interleaver for this forward ECC
encoder. The data-frame assembler 6 includes circuitry

for prefacing each 85-byte row of forward error-



In order to obtain a distribution of charges as expl ained above, it is
preferable to drive the electrostatic actuator by a unipolar drive voltage
of a polarity sel ected depending on the conductivity type of the

sem conductor material. It is to be understood, however, that the present .
i nvention i swoosnog4sstricted to unipolar drive voltages. PCy/KRIS0RBOWS an
overview of a printer that incorporates the inkjet head 10 descri bed above.
300 denotes a platen as a paper transportlédeans that feeds recording paper
105. 301 indicates an ink tank that stores ink in it and supplies ink to
the inkjet head cfretovghcafed knEotRiticnuketB08. 5 Thetéd Hdfde §dnl0 iS
nmounted on a carriage 302 which i s novabl e by neans of a carriage drive.

unit 310, incl udiSG @8sReFBPABLATE Jrom the gemexry; 3R Bhe Askemhlex 6.0 t he

direction in whiggfid BebiReOhdadsr Pednrikda kS transported. In
synchroni zation with the novenent of the i;léjéet head, ink droplets are

sel ec- tively ejdsdyse® syBrhropbipion godesfoddowediby o i tbxliear ac- ters
and/ or graphgcs edcigic8EDbH! (DY e . 105. Because it is desirable to
provide the drive unit as close to the inkjet head as_possible, in this
enbodi ment the drive Th& PPRE2FHRY PRAMIGARLOLo 9t fan| akFexnafuiwely). I n the
printer of Fig. phdre® 206%k$CcbitPEP Vet P e : %ﬁt% of the
i nkj et head nozzles,aé grobfen1peculigr Egtganﬁgggi?ﬂ%%Qﬁﬁ%%rpora e
on-demand-type % migmsordezafer omeratyiqn dm acchrdeneggvih o sduendozzl es,
the inkjet head 455 J134adel b -mddePn | t C ( nd then

I nk di scharge op%a:tat i ongleargggf)g?ff%rmn%%é)se\}glr g?"itgi Engé?%i%tg%fnn% 303 is
used to suct?on asrembdly meAsughtrarsnay; Fbreamdsuppbied fxdmracovery tube
308 nto a vast & diegtCLyobin Phcoded 12 i3 Lt idibLaCks A ANAD:hAY No the
configuration of one“enbodi ment of a printer enﬁoaylng t he prese

i nvention. |n tHHy dhse detaaframai aggemhlen &, 6 ratherntharwdthst unit 61 is a
15 host conputer el e 1 : y ' r that
o built into 8 SR aaterl AGKCLAR Rkt supPLL o8, Afsceoly TN B ' len
recei ving a pri iidesyeenpresshen kpparatus dgaadt thei compressed iauddeo =
controller S ejyks, LlWE £ShEN t r tqg urht, 300 and
t he carriagggdrive Jﬂ?&lg%bfé? e?%%fﬂgggi?ﬁ%opﬁgscgﬁé?g§§&%55'oﬁh ich the
i nkj et head 10 itranspersdstyepe epcedexn 30 paysesf the gowpressedvides recor -
di ng paper and | # U vlAQ 4 dTesk Wiy ' | S being
noved in the diB%%tlonggkabgﬁﬁgsgéngs r&g$ﬂs%ﬁgggggﬁg?%§g§.g$%¥% circuit 40
i s connect ed t o rarketst pregededuby pagke heaiderge eakhdvedinning) wibdpendi ng

on the print datQ yjme gtamp. The transport stream encoder 10 parses

20 the compressed audio information into consecutive audio
packets preceded by packet headers beginning with a
time stamp. Each audio packet follows the packet header
with auxiliary audio information containing codes
indicative of the type of audio encoding that was used

25 to generate the audio packets. This auxiliary audio
information is forwarded to the transport stream
encoder 10 from the audio encoding apparatus 8. The
transport stream encoder 10 assembles the video and
audio packets into a first transport stream supplied to

30 a transport stream selector 11l. The transport stream
encoder 10 also assembles a second transport stream
differing from the first transport stream in that extra
time stamps as extracted from the time stamp counter 5
are inserted. This is done to implement 2:5



which it receives.fromthe print request unit, the printer controller 62
sends a start-of-print signal S1 to the drive circuits 40 of one or nore
actuators 27 corresponding to the dot positions at which printing is to be
performed. Upon receiving this signal, the drive circuits 40 drive the
actua- tors wéoossrds educe the wire inductance to the actuatpgrarosbeselri ve
circuits 40 should be nounted on the carriage in order to mnimze the wire
| engt h. However, the present invention i-slBot |imted by the wire | ength.
For the purposes of the present invention, the drive circuits can be placed
outside the carrigfifersidh,JinbullSedtt corlse@Laeta bl dofrine 1@g.cul t
according to a first enbodi nent of the invention. The drive circuit con-
sists of a tini MyYuPackgsheint Fiks manend $ranspask geteeamAre 64, and a

di scharge circuid,G3enieRo2 38" o ¥ ithle akae%g Pt e | Y- 2 the
timng pul se generation neans 63, the timng pul sé generation neans 63
sends a charge ssgewbler §,sferi sukepquanie rgeding(afafiee ppymodlackst he
charge circugt | i chy the Cj I t [ a
charge to thge agﬁ%’t{lgﬁggggggtgﬁs'gﬁn@eht%, t %Q?Frghgﬁg#%ﬁ#%eug%ne at |id‘$frreans
63 sends a di scHeheyspesifia vifea apdcEudisd compresaidnhf¢atsharspd peri od)
to the discharge; ci | 'éﬁgﬁg [ i 5 ' es the
charge stored i nn? ééﬁgrtatq'%g the € At dtretih Ergl%é%'ﬁé;dg%xf&uﬁ;%h% 27. As
ment i oned bef or etranEpntha&tgeay encoder-10sdapronthei datar fiame of t he
actuator 27 caus | fir, . td.one Ng ot NENAE] hhrough the
associ at ed nozzI%éﬁé“%eﬁlg%%oﬁﬁgefﬁg&?sl%%dgth% ﬁgd' g(bpl gg’aﬁ ﬁgﬁ of the
configuratidp ansyrchliomksofoft kech| data dixtame.c actuator and its drive cir-
cuit with reference t I £ 1 | ' qﬁﬂl | an .
exanpl e of a charge ﬂﬁ%@fﬁt b§6§é£%%id§ ag%(li SC Q?Sg'gﬁlgteji?g%éthat in
Fig. 7 the actuawidll ikee famiddent bd dnye islsilded val ehe ampaccontorming’l) . '
Fig. 8 shows the,_chy . ls | Sps. ad . t supplied

to the charge ant d%%%%%%ﬁ%agP§§§?§gﬁm§%speéfP§é|9?3%E§19@¢@53%§é“ﬁaveform
53 of the actuat®r3 sm esagnediicybapeyciasyinghdErambikef Decenleer k394 iHIY the
vi bration of .th | qﬁng inK?&O ' o] t I p of

t he nozzl e 5[5 F:a%{5 %henaﬁ’%%’i‘%ﬂ?ﬁ us rat%gtsn%???:elbglé%d%@ ]r'lﬂgé%f arious
stages in the vithaidataofframe askexbbehcd revappliibd totaa24f28s dri- ven. -

f i id. o e ol i - 42
(o 7 1s ot mdhigton nd ap actpdbiatid b3 bRy S6PRBMS SST 07 (5
21) in Fig. 7 isgemexatiicrid Jatiesleaved-NRAkmodalathendi aphimgindRZibes not
undergo a di spl ap gofGMan e LBk L0805 eife BRI nh aflp FORLE ' £ at

does

20 magnetic tape recorder (and player) 13 that is a
component of the FIGURE 1 camcorder and is of helical
recording type. The I-NRZI modulation results are
without substantial direct component, so the amplified
modulation results can be transformer coupled without

25 loss of information to heads of the tape recorder 13
during times of recording. This transformer coupling
is done by a rotary transformer between the head drum
and the main body of the tape recorder 13, which main
body contains the mechanism for transporting magnetic

30 tape recording medium past the head drum.

During times of playback from the magnetic tape
recording medium, electric signals induced in the heads
of the magnetic tape recorder and player 13 by magnetic
changes in the moving medium are coupled through the



not exert any pressure on the ink 103, as shown in Fig. 9(a). When t he
charge signal 51 rises at time to, the pnp transi- stor 42, driven via an
inverting buffer 41, is turned on. At the sane tinme the falling edge of

di scharge signal 52 renders npn transistor 45, via a non-inverting buffer
44, off. Thiwossnses a voltage to be applied to the capaci tror/KEese®2s) via a
charge resistor 43. As a result, a charge current flows in the direction of
arrow A. The electrical charge stored im f&e-capacitor (5, 21), causes an
el ectrostatic force to act bet- ween the diaphragm5 and the el ectrode 21.

This, in turn, GBtES thangdEopiead = & aek! haplegiép ieap ectrode 21,
17 the volune of the é&k C ag?er 6 to Fﬁiﬁggse, ag shown in Fig. 9(b), and
n

the ink 103 in t¥RFSKS ayee I3k ddfpplagbagk AMRlifiR% ed in the

direction of thenjyides BuyEsIILRET tidiilathieny ebt 208emdulattor aae ter ni nal
vol tage Va of the c%&?C|torH§5 2%%H#changes .as shown by curve Cin Fig.
8, according to 9% /8 do ?gn‘f“-’ aiqny G’@t’-&hnﬁﬁ@@dwii% ¥esi stor 43
and the capagi taf@;ﬁ:dauaéaetzzﬁapefféﬁrc&&e&&bn-ésd&aes%mcﬁw 'S

di spl aced, the neniscus 102 varies as i|ndicated bg curve Ein Fig. 8, i.e.
it is drawn t owsFWPRIESG fropnhbhedatp(txameripgsegbher 6 fox rggarding.t he
char ge signal 51 i%dotaaedpghbhss WWhtct MY i gBEOYS! sEhHoe sl gnal
52 is turned on._ Wen this ggpggns, t he tréﬁgfgﬁogﬁ4%e?é&?ﬂgg§g off. This
stops the char gidRpigie Ofcacupati torsglecty pithey the errer-¢rwrectiemause the
transi stor 45 | ; | e r ' citor
(5205 15 di scharaey SrneBlothe SprtiseTochl Thaaaty, akd delenti®” 0
resistor 480 Becudde exEodr serreefelaresiogded: sygchbiocks repridimeshl y

smal | er than the,¢ajdoq/es sLikzf taddbahidtorC 9SE8Nbe Witdilidd'}o a

di scharging process is smaller than that during the char g process, so
that the di schardgtardaiame disassembplex ¥, as shown by curve Din Fig. 8,

conpared to the quﬁ&p i ' | c ' 4. wWen t he
di scharge occurs, the gfafatﬁhfgg'r‘#@%ﬂ%ﬁﬁgfegg%%%ﬁ%%ﬁ&t rostatic
attraction. BecatRe afignals supRiied theretie andaprcaydisgletinelndes t he :
standby posisl ofadbiodd: B tA8 RO bt £odbikd LEESERIAASRI L he

2

i nk i-n"the 1 nk chanber 6 sud enlg. he pressure generated Insi e ink
chanber 6 causescedes nk Teogpte-ipame difgasgembley L6otncledemzzi e 4. During

this process th égé§¥éy§e- LTRAIGRRUS 3 AS _

i ndi cat ed by curet;'/e I n Fisg&g%eaﬁ%n 1'E’%]re}%ej ectdlégh Bl}gérslﬁ'tr@%rlc%nes the
viscosity and thepexatiesc @st ensinhenteavrr ifige the videotBE@ decqddd. t he ink
back into the noggl ﬁq?%a.&%men&igésmad 160 ah 88eEnBYudld SUHd ALy -

vibrations of the'| system
20 .- storage memory for audio, which memory is operated as

an interleaver for the audio ECC decoder.

When the user control setting of the operating mode
control 9 selects normal play in accordance with the
first data-frame-assembly mode, an audio/video selector

25 17 selects as its output signal compressed video
information and compressed audio information read from
respective temporary-storage memory in the data-frame
disassembler 16. The compressed video information and
compressed audio information are read to the

30 audio/video selector 17 after error correction of the
information by the ECC decoders in the data-frame
disassembler 16 has been completed. 1In this mode the
compressed-video decoder 24 decodes compressed video

information f£rom the audio/video selector 17 on an I-



18 In Fig. 7, a discharge resistor 47 connected in parallel to the
capacitor (5, 21) has a sufficiently higher resistance val ue than that of
the charge resistor 43 and that of the discharge resistor 46. Wile
exerting little influence during the charging or dischargi ng process, when
the head i s wpese74ast i ng, this discharge resistor 47 perfor reT/KR98/460250Ct i On
of gradually releasing the electrical charge that nmay be stored initially
in the capacitor (5, 21) during the powerl®p-stage. The di scharge resistor
47 thus serves to keep the initial charge for the actuator at the zero

level .  Fig. 1Q3heuen®)y Ka®l € 1¢ thel bohPresdeaviddy) dildod@rygaera- tion
nmeans in this first enbodi nent. When the start-of-ﬁxﬁrn signal Sl is input

into the triggehasnshe capapikityof, decRding:BPe Mnfxamas o yeld1as,

positive pul se, ppeamebl NEndM didbdet 34! ¢6NEBASL LYo Y Hdidae! 8l ahor and
capacitor, is out- put as charge signal at an output termnal Q Because in

this enbodi nent the discharging process is comenced at the sane tine as

the charging of f¢aRELUALP HAdLS HeMpRMeiRE! BESLRY pidliird HAldehs GhoUt pu!

termnal of multivibrator 81, nanely’ the_inverted charge signal can be used
as the di sctar g&hs gompressed videqmigmadent IExgesdirrd, 4w designchar ge

that det erni nes deygal i gl Alids Glibaed! 24 Nes AaRiY A ceont r ol I ed by

the pul se width of the charge signal 51 and the charge tinme constant in
such a way that deoodgeonran i nk ejection is achieved on the one hand and a

contact between f-r)&aqlieagﬁi?gﬂéé’i@f Agizkersl R " a%&itg:%q. on the other
an the di

hand. The charge tine constant Is selfected |onger t scharge tine
constant. This adtdimgt of sthecoperrtingawdsf contreln?. i.e. the charge

rate, as f as p?ﬁ b0 bugé é'%ﬁﬁ“%t%% L ¢ CoME S %g €
gener at ed. : t he otgerL an ,ethe | schar ge rgte i 'S Tmde tast rh@ﬁgn t he
charge rate enaltdntgod Paseleoksal|l response of the actuator. According to

P , . . . . ¢ f f
Sk undor e TSREG RASYCAE SR MBEOUIER, BRE Frednd - diaincy ©

19 15[err]s charapsepbiiyonode, steraydisiaridecr eelectorcl? mrletiyss aghar ge
e o okl L S5 SR hr U gha B bt df Shtd O scharoe

15 compressed audio information supplied by a transport
stream decoder 18. The compressed video information
and compressed audio information are decoded from wvideo
packets and audio packets read to the decoder 18 £rom
respective

20 temporary-storage memory in the data-frame disassembler
16. The video packets and audio packets are read to
the transport stream decoder 18 after error correction
of the packets by the ECC decoders in the data-frame
disassembler 16 has been completed. If the combressed-

25 video decoder 24 has the capability of decoding B or P
frames as well as I frames, the decoder 24 is
conditioned to decode on an I-frame-only basis
responsive to the picture headers in the compressed
video signal indicating that this was the mode in which

30 the DVCR tape cassette being played back was recorded.

When the user control setting of the operating mode

control 9 selects trickplay, the output signal that the
audio/video selector 17 supplies comprises null



The resistance of .the charge resistor 43 is closely related to the negative
pressure generated in the ink chanber, i.e. the smaller the resistance,

the larger the pressure. The negative pressure generated in the ink
chanber is mainly determined by the differential pressure between the
pressure exgidowbondsd t he di aphragmin response to the el ect porkros/m2800r ce
and that due to the restoring force, as well as the noving speed of the
ink. Since the noving speed of the ink +slédimited by the flow resistance,

t he hi gher the charge rate the higher the dynam c negative pressure in the
| nk chamber. Oncbigrobied b ieiuhBfofChifitied 2320 IApEEd. L Ne
generated electrostatic force is proportional™t o the square of“the charge
accunul ated in 8nd compressed wideo dnforpapion regandadaast trickpdavare of

t he di stance be th | PN e ore, in
t he begi nni ng o%\igﬁgléhglrl%:l%@ocess?eﬁér%ﬁﬁa%%g ogg%yi -rgliclr égées
slowy and so ddatatframegdisaassqubderulé during playvheickibeTheAaudie

di aphragm displ ' g I es- i ncreases
mor e quicki 1 ASeRaredaRy i EnraghiiEhald dieddis BaYs BHERG o T he
i nfl uence of thdfckhegeompressed-ttidepr decader gt chas dthe wapabildkychanber

Is rather small . B , ' arge r t sial | . di stance

bet ween the di aﬁﬁr §8%8§%é§%e°%£#gﬁépeé r"é%ié,f éss; fhfel%gfegthSe rate has a
| arge effect ondelvedpregd4uis conditdoneit tal dstades . orBairh,I- fivame-ohayge
circuit and the,di schar Lycui ch.Lnc | of .t.he act or's

capaci t ance havgg‘gi% i ?E%%ﬁ%’é‘?éla% é:;?/l%r ggsgnééﬂ’/\nyﬁ] gaetsrtlgigp c’églJ g & at the

téegi nni ngf v:tn'hch dpmaﬁén_gnmoéeac@tmqleSgent I ﬁ as 'él_he_ prolcess conti nues.
ecause of these ani epen 0. t i ndi vidual case

determ nation of t ergg‘ﬁé?%?gee&)&é%&gsJ'ggof"ﬂ%tlc?féradééiacf?g‘qrﬁgs&fischarge

resi stors shoul cGuddodinormatien s audfiofwidéo neeledtoma” aedeans t he
initial discharge r.gt?e 20 rates

effective when tAfe™ aBHi;B‘an IR G EHPPLECA LD 3 (WFANGROHE PEFERT For

achi eving a fi nancodargt9t at Ths natdrmporbastiréami endoddr dis Guppldaesate it 1S
not necessaydly .required to have the resistance of. the charge resistor .
smal | er thg#thé-theo#". ‘SPEFEC%%’?%%“ rséa&%?#SF. iy %\ﬂf%ﬁ ﬁteﬁaqﬁﬁ%t"‘&venent of the
f or egoi ng enbodistmelam bhatats myailable whenf hormazhlay lin ecerdaaceed

bel ow. At tinme tl, .if aaly t charae sign 51 is turned off and the

di scharge si gnalW Fbengfﬁgﬁi%%e%a%?r éaggFng}%trﬁ%,e(%%} k system

under goes at t enugieratingbmedie omslexted dorathd BYCURE Dbredtesordexebyn Fig. 8

representing the.di splacenent 54 of the ni sgus 102. The cycle T of these
attenuation vi bﬁﬂ’tel 85?1? 1R BN n‘?&tﬁflg‘éran%#%rgrmf’%s &M ow

resi stance ¢ thlidttopalilagespdids\td 2éatBollessttims BihaHeadiserha, in
the FIGURE 1 camcorder either to reproduce in its

output signal the transport stream before recording, as
supplied thereto by the transport stream encoder 10, or
another transport stream after playback from the tape

25 recorder 13. The transport stream selector 1l
automatically selects the output signal from the
transport stream encoder 19 as this other transport
stream responsgive to the operating mode control 9
selecting playback in accordance with the first data-

30 frame-assembly mode. Responsive to the operating mode
control 9 selecting playback in accordance with the
second data-frame-assembly mode, the transport stream
selector 11 automatically selects the output signal
from the



vi ew of this.phenomenon, by suctioning the ink for a tinme equal to 1/4 of
the attenuation vibration cycle T (until time t2), or for a tine slightly

| onger than 1/4 T, and by pressu- rizing the ink at the end of the suction
process, it is possible to utilize the vibration energy of the ink system
during the iwooepsasi on process in order to achi eve a hi gh pdagoeesoaso dri ve
efficiency and an ink ejection that requires only small electric power.
However, normally the drive voltage wll- B& Ri gh enough so that if only the
charge period were | ong enough the actuator would be charged sufficiently
for the di aphragjadp f3QR GRkQssOMEG: 14 td the eeaﬁgﬁog%ap f&fe. Therefore

the charging process is stopped during the progress o ragm di spl ace-

ment before the dgegsiazad® ast thel othew dixanspextnsireancatier playdacksi nce
the vibration phass Ghe ke1eBkosYEi 6RR| MPEDIRES aRERER i aphragm
vibration phase, when the di scﬁar- gl ng starts irrfafed?at Cei?‘%/&g‘f‘?er st oppi ng
the charging thesigm®&lat i on energy of the ink system cannot be utilized

effi- ciently. In a variation frem what is shopwn iﬁﬁff@iﬂﬁ%a@d a

drive nmethod effective for overcomng this problemw explarned with
reference to Fi gioesl noy adtefi yltimate wameondexi pgrépmmanee |esyty ati ng t he
drive nethod. | fdyqur e gﬁﬁp& -Qf =D | gnal , and
S2 an i magi naryq‘gll%ﬁ'ale gtihggpf:%%% e (s%%g%éeagl oa?ﬁ'%%eﬁ%ﬁgt?%@&s%‘%gl 51 and
t he di scharge sithalta® neicorden 1decan giwayscbe tbe- outpes signadhar ge:

signal, the |l ow I & g | e medium |l evel a hold
status. Except féols%g tr#oé(;i ic%??g{r’-'] %‘ff%%ga%qcn%%r% tﬁ')'gl'se generati on neans 63,
t he configulati on drhe heagisportcstrean rEpricgiuded dantheasoutmit exdgmalned
above with refer i \mﬁg apt-of s print signal Si1
I's applied at ti%cﬁée%r{ ?I%@t ?{rgng?\ggmp%?lse g(gr\gﬁag%o%&ﬁﬁiaﬁgéépcﬁﬂputs a
charge signal toIBER 13t gdopalcencoder 20. t The (IEEEr L1394fsignal specified

| ength of time n I Lok ti on 0 t | M ng pul se .
generation neans&gé&s%)?sof %g@%ﬁé?ﬁé&éﬁ?gﬂhﬁiﬂigﬁ g’g%féFﬁ ?ﬁeéﬂé%ar ge and the
di scharge circuitramsport diteresmawith aandd thyttis thilve atewmpt cap@drtiodshe - -

SRS TN, Chet bR B il T pEpRERIABAT 11

- nmeans 63 appl i esbldeksli scharge signal 52 to the discharge circuit 65, and

t hus begins to discharge the chatg ed | at of,. This
drive nethod, i n(;é/\hi%rf t%aé"lilcr?(afr 85 §¥g§gt%tﬂgl'd a;l-‘(rc)kr bggﬁgéé%r %%tﬂ %aotlad
period after conpletkonitl a headezr fonaeressings shentirbpéwiesidre line
discharging procgss | AoHENGed FRIUERS bl CBHkkEl! LhiAI LT the
vi bration energy fhe i n

20 as to the apportionment of the 192-byte time-stamped '

0

packet and as to when data of similar characteristics
is next to appear in the datastream.
FIGURE 1 shows the compressed video information and
compressed audio information the audio/video selector
25 17 selects as its output signal being applied to a low-
power ATSC television transmitter 21 adapted for
transmitting a radio-freguency signal to a digital
television receiver. This is an optional feature for a
camcorder embodying the invention. A representative
30 low-power ATSC television transmitter 21 is described
by T. P. Horowitz in U. S. patent No. 5,764,701 issued
9 June 1998 and entitled “VSB MODULATOR”. The
compressed video information and compressed audio
information played back from a magnetic tape recording



system and, thus,.an efficient ink ejection operation. The reason is that,
after the displacenent of the diaphragmis stopped, w thout the di aphragm
ever touching the nozzle elec- trode, the actuator is kept in this state
until the vibra- tions of the ink systemreach a nmaxi num Then the actuator
I s di schar gewoawdorade i nk i s pressurized. PCT/KR98/00250

22 Fig. 12 shows an exanple of a timng pul se generation neans suitable for
this enbodi mrent. Wen the start-of-print- di8gral S1 is input into the
trigger input termnal of a first nono- stable nultivibrator 82, a charge

signal, whose tig@ £y ald @ikh&'_ﬁiéeéﬁﬁéﬁiﬁ’é-iﬁés%niﬁ&&ﬁﬁﬂi‘ic{;e&}ﬁ?’rt@”d a

capacitor, is output” as a positive pulse. At the sanme tinge, t start-of -
pri-nt si gnal S1 ixreguharities; #putapemPtaarecofdchono- st abl e nul ti vi brator
83, and a di schag e Si4AlinsthBS 81t} NEs Piete-aB1yS cAELELH er nal
el ements, is output from {he | n\_/e?-*t ed%t put tg%gn%?&_%é?gﬁ% ﬁiés:. I'Schar ge
circuit. In thisactime-dgse sdpbiyizex ifor tweckogkdngwthehinfoxmatinr ses

generated bystheefiy st JmRAeSLagLe dgeglyfﬁiﬁm&%r tHe LAsSfpatiill 16y than the

pul se wi dth of the pulses generate e second nono-
mul tivi brator 83u#sdtine thengrangnitter R} tpmodvdatel1d-radion Fig. 11).

Fig. 13 is a flo | LAt i &@gﬁe f I m.ng pul se
generation neans&%#@%%ciﬂs Jg%%%?m%@%%"?&sﬁ. e% Fﬁr%ﬁ% é; use of a
m croprocessor. eguakizerempdbred proan ATEC itelexdeiotn meéteiwdhe user to

sel ect. the ol d pEcd st AP bl feda Of Yastitck: wTHS LeLLQU NG s @

description of m ng pul'se generation means o . When recei -
ving the stapt- opxepernity.si Geakrgllyt hit M redmpdess sor sidetssémwiner t he

figure, sets th LS G B4k | ' - L] S e 1., sets the
charge, signal %\g%%e ac@&éagggﬁﬁbga%é@fwZsﬁll&pt%géﬁﬁs{:g%a%#ﬁﬁ?#% act uat or
27. At ST3, theStandayd edgnedr dizestlhadatheypagketodigédegenblex timer, at
ST4 it detects t to s 3.4 O | s L , ST5 it _stops
chargi ng while p%??l%'fg?q #%l%hggrg%éhs?%%%jﬂ;%yd t%?gﬁfé%agﬁggig t%t{l%?ﬁ:léqg I'M” doi ng
so, at ST6 the nlimbprhe essworderetai thaascdireedvia RFi imput. )

specificati QBs, \/\h(sa%a usEf)rlt %ﬂBwEhgnM& sﬁ__tri%glea' Sfégﬁgfﬁsg‘t’r'gf the printer

requires thé hold € m croproces S period (Th) in the
ti mer and mai nt acascorderh@mpodyingstietinveartdon, me- lpweposet i NFSOf t he

e, 0o SOt ol i A Bk AR K OB BRI oot o0
m croprocessor inadietfequencyi stgpal to an analog television :
receiver. The compressed audio information selected by
20 the audio/video selector 17 is supplied to a
compressed-audio decoder 23. The compressed video
information selected by the audio/video selector 17 is
supplied to a compressed-video decoder 24. The decoder °
24 can be a conventional MPEG-2 video decoder, but is
25 considerably simplified by being modified for decoding
only I frames. The decoders 23 and 24 supply de-
compressed audio information and de-compressed video
information, respectively, to the transmitter 16.
The FIGURE 1 camcorder has a liquid-crystal-display
30 (LCD) viewfinder 25. During recording or previewing,
viewfinder drive circuitry 26 supplies drive signals to
the LCD viewfinder 25 in response to ¥, Cr, and Cb
signals in 4:2:0 sampling format supplied by the video
input processor 2. During playback, viewfinder drive



23 ging process by setting the discharge signal 52 in the active state at
ST9. Note that as shown in the timng charts of Figs. 8 and 11, the

di scharge state is preferably maintained until the start of the succeeding
charge (fromtl1l3 to t12 in Fig. 11). As aresult, the inter-termna

i npedance of wolve/osmag uat or is nain- tained fairly |ow, thus porasesn2sy t he
actuator fromopera- ting inproperly under the influence of external noise
or induction noise. second Enbodi nent 4 3%t ke above enbodi nent, for

all owi ng an accurate control of the charge in the actuator the power supply

or drive voltagecis@sit:g/ 26Nauphiies @kivk k8 gnAq4l abegngotch vabévwct uat e.

How ever, where_a sufficiently constant drive vaoltage, cannot be ensured
the charge condi fiR78° AR iBeTRBAPRER(CO & Sl anfe@di Aignals chm okl 3ntht .

Fig. 14 shows a gihlirg S-HRECk %ﬁhé&tﬁy B %mbh}esgéaobfae&eﬁent of the
di aphr agm of the electrostatlc actuator, 'where mdenotes the sum of the ink

i nertance and t HaegRARr @4 . hThgi dpkvagFionals aprdirdrte bhesheR view
resi st ance, S [ e fi dye per
K f:[x‘itﬁe:.d APhRIT BRI IANE e, Beq 23efl ﬂg&g@aphragm P

pres- sure), e is e permttivity in the gap ‘bet m'and the
nozzl e el ect r odedrixe isignedster mi nal vol t age of the actuator Gis the

| ength of the gap betwﬁﬁﬁn%p r &Hgkiﬂﬁ z t s a
proportionality constant o unlg%iaa ég&?x I'S tﬂgﬁsgﬁgg%ﬁ%n€9$ tflﬁé
di aphragm BasedFIFERE thicemeoader inethe|vwawithgtnbrickpdavaison, Equation

(3), is obtainedjmg ern r
24 where Vs denotﬂ% erﬁentc?rdl veI%oFt ggz:[%g?éde% (#amgﬁz:iPSFnahelQDCT ?Jﬁoc’ks

resi stance 8 thereteseardegsiint the4racky o)theapdecCtromagneeiectamst ati c

capacity of the gi g@éﬁ [ 0 ( ) he

di spl acenent x o%g %ﬁgdl afhragmg 3 ?%n%%‘fgﬁ tg? ?ﬁw gie%gr\l/#t%%fe Vs,

and, consequent | goefficiantsaof thnesucceﬂsxouaq@eDC&dbbechsenfténch
frame occupy leading portions of syncblocks. During

trickplay these zero-frequency and other low-frequency
15 DCT coefficients are recovered for generating a low-
 resolution display, and the higher-frequency DCT
coefficients are discarded. Eliminating the trickplay
bands conventionally used in digital video cassette
recording increases the average payload data rate from
20 19.3 million bits per second to 23 million bits per
second.

The trickplay extraction circuitry 4 is omitted in
the FIGURE 2 camcorder, and the video compression
apparatus 3 is replaced by video compression apparatus

25 103 which needs not include provisions to facilitate
connection to the trickplay extraction circuitry 4.
That is, conventional trickplay information is not
recorded in the FIGURE 2 camcorder. The transport
stream decoder 10 is replaced by a transport stream -

30 decoder 110 modified to interface with the video
compression apparatus 103, which interface will be
described in more detail further when referring to
FIGURE 6 of the drawing. In the FIGURE 2 camcorder the
data-frame assembler 6 is replaced by a data-frame



start of charging.and the nonent at which the diaphragm5 gets into contact
with the nozzle electrode, also varies with the drive voltage Vs. Fig. 15
shows an exanple of the rela- tionship between drive voltage Vs and cont act
time. In this exanple the constants enumnerated above have the foll ow ng

val ues: wooug74sl. O- 10[ err] [kg/ nferr]] r = 1. 5- 10[permir9s/(0250
s/inerr]] K= 2.510-[err] (nferr]/N R=3.9 (k[err]] C
[err] 650 pF (average over di aphragm di spR&cenent) According to Fig. 15,
in the nei ghborhood of a 30V drive vol- tage, normally the contact tine

varies at a rat eagemt1® hoshehhich tomildesmeblocks Q&E¥LIPtAAY gFont act,
the charge condi- tions such as the charge resi stance_value, i.e. the

charge rate, or ¥HEKHAY)PIPEE EROReitH ASRETOLY REEEBPENFRS (3P he powver
suppl y or drive mollades thENhinBef W syrdAdde EBhELILNSY thdAhand sixth

enbodi nents are directed to nmeans_and drive nmethods for controlling the

charging of the BlAYiaticlecppehatnintprmaidoiar eagbpfyane} t dthe dator ot her
paraneters. .[? heg r s ad@e?%ie%:ﬂib@dﬁlﬁm e SrdeELLENELPIHSEUT €,

hum dity, ink viscosity e at may influence the actuator operation.

Fig. 17 i s a bl oeeeffiiggemesortt ke pucressicniof DETJ(blacks ok canh

enbodi ment of t he, AELSeNt HeNYEBbL Pheqidity Hhd Stler low- :

25 timng chart tﬂgt‘ w 'l be used t%‘Ee.XpET ain a grefveo?reﬁrﬁ%%l%%c orDé:lTng to
the present enboepefficientghescupy leadingpontiensspfnaynehlockspplied from
the printer cont I ). t | ﬂgj' I Qe ' at tinme
t20, the timng pr')u scgétgagﬁgragltei g%s%r%gz}ns EE3?éjsl'ﬁp%i ggbgagﬁgr aés];s%a% 51 to

t he charge &Prcukxans disgssegbherchié dihat thakescinipoacedunty whempari son

circuit 67 .corrpafgéogaked ﬁ%&&bﬁ%{ﬁ%ﬁc%%ﬁ%chg%%%g ve dcgg ected by a

vol t age detection circul i ge va corresponding to
a specified chargeickmian bgands\and replagineithef onmhittgd symehlogks n the-

Cirout 67 det oot S A HASKs] Bonka g Ao THAEY, Db OeE P and t he
target voltage vimfermatdcnut- puts a reset signal S4 to the timng pul se
e b ShalBE"S, Some hcbiags, Lhorkesiay e oEkpiay) ahugra 02 10
the actuator. Th8tapdard iwidec signatehavingsintys frames per second |
and 525 scan lines per frame in accordance with
practice in the United States of America.
Modifications of these camcorders are readily made so
20 they can employ CCIR 301 Standard video signals having
fifty frames per second and 625 scan lines per frame,
in accordance with practice in other countries. Such
modifications embody the invention in certain of its
aspects.
25 FIGURE 3 shows a modification of the FIGURE 1
camcorder that uses a video camera 201 for generating
progressively scanned frames of video information in
16:9 aspect ratio including luminance (¥) information
having 720 active scan lines in each frame and 1280
30 pixels in each scan line. In a camcorder for home use
the video camera 201 is apt to employ a single solid-
state imager with a color pattern filter; in a
camcorder for broadcast use the video camera 201 is apt
to employ beam splitter optics with respective solid-



point are the sane as those described in the first enbodi nent above. Fi g.
18 shows exanpl es of the voltage detection circuit 66 and the conparison
circuit 67 suitable for the second enbodi- nent. The term nal voltage of
the actuator 27, after under- going a voltage division, 1is input into a
conpar ator woobMwrasigh a voltage follower 84. In the conpargirmr8so25¢ he
ter- mnal voltage is conpared with the target voltage value. If the
conparison indicates that the detected wvoRflage equals the target voltage
val ue, the conparator 85 outputs a |lowlevel reset signal to the timng

pul se gener at i Ong¥iRA Simalder! BBresadh! o AiHred hdiRtivBepimAY dl.
generation neans, shown i'n Figs., 10 and 12, the reset Signal” is Input into
the reset termn rgdthgr ipPenoiovided| @awrna 20 Bsapsesuned ko ginck

causing the chargg) $i GRAlri3ingOc2sstEry idn AhkitY 8nat ¢18eo | arldi

m croprocessor i n&errent ation~of the ti'mng fpuI se genera- tion neans, shown
as flow chart i n2¢3} gupptieshdupinaner o(¥pr information,

26 absence ot a s S 1 S ﬁ%ﬁ .3 sipggal is
present, thegcha#%gq%i%ic%s&yﬁlgaf%%egleét g‘?ki/ ali)ltag%.é 15%‘5’%€£ 'above and
shown in Fig. 34blueraniiugiivagnrance p(Cle-chnominancg informabion ashe

term nal voltage rl:[dmﬂ!gmh% e kel 40 e Ui, 9 @ﬁt ain a .

gi ven di aphragm t(:jtllégp ace- r%%t o%a{r?' ée@’gﬂefe etrt%gﬁeé.ﬁ EG??%@?, e elrhectri c
charge is in diretdeprigptt percegsohe2@2 raanverteoltheg®, woth amd Gapaci -
tance as the pro ' | t). of,AC | ﬁ:ﬂa ' | aphr agm

di spl acenent as %ﬁ%&\/\%ﬂ%‘ﬁ!%%zgégﬁ%gggﬁle relﬁna%-y ?ngéﬁl&'%ﬁ%g%%% t he

t er mi nal volPagedesimatiore|cfcench cfiathe Gamnse Mesdgnabedinrbaitel they t he
anount of displ E@m f i 2GR 1T I a [ e above
confi gura- tion?‘g? e C%Jgraéfeé]%u sggmére raélgtr}ﬁg?féc&l%ﬁgt g??\é?egg%é%fﬁ]{]el me, but
in terms of the bbwpass cuiticledigeing fiktewing a botht djrechiolsis a

function of the ch !{Ehﬁ:@ RS Slay C € L nagt i on of
t he amount of di spﬁé%ger?en a?gghlté ﬁb ragm anggégégggg%ﬁé%ﬁ a‘#’ in
turn, can reduceandeCh réigraise inf 4var ¢ ogampisinion fiokmate§ost wideo val ue of the
charge resigtor | QRS | \ « _th riye_yvol - tage.
"Thi s resul t?si n én %/%érlé% Leé%;q?ggﬁg’i n P%e% ilé(;%r{qjlehlﬁﬁg !P% ?%e first
-enbodi ment, the éﬁtrafmtw hafsiisnbn_eja'eet? owne of ltme_em'hramee_diby providing a
speci fied hold periogdshelons dhend! S6ha" 85 514NN IdmBlibakiby the active
state. Furt her, "asS a neans Of neasuring the anount charge that is
accunul at ed i n téescodingtmrqtdcoli thabsis higed onisaly tbengitst, detecting
the integrated v f [ C t_ 4 nat fath rm vol t age
of the aofuator. ?ngﬁ%f filégf‘e UG CYEESD lof Bilcdtited 1hNfipkE! I Piked

: 20 compression encoding. Trickplay extraction circuitry

204 extracts trickplay information for application to
the to the data-frame assembler 6. This trickplay
information comprises the zero-frequency and other
low-frequency DCT coefficients of the succession of DCT
25 Dblocks of every frame (or, alternatively, of only
periodically occurring frames selected as anchor frames
in less preferred embodiments of the invention), as
computed in the video compression apparatus 203.
The amount of compressed video data is increased
30 in the FIGURE 3 camcorder as compared to the FIGURE 1
camcorder, owing to the increased number of pixels per
frame. So the compressed high-definition video
information in each frame is permitted to occupy twenty
recording tracks on the magnetic video tape in the



shows a bl ock diagramof this type of configuration. At tine t20 (see Fig.
16), the timng pul se generation neans 63 sets the charge signal 51 in the
active state and sinultaneously outputs a reset signal to a current
integration circuit 68. Upon receiving this signal, the charge circuit 64
begi ns char gvo o act uator, and the current integration pcramdsnd® begi ns
the integration of the charge current flowng to the

27 actuator. The integrated value of the Zharge current, i.e., the anount
of charge, is conpared in a conparison circuit 67 with a specified charge
quantity g0 t hggeBRESE "Cakdrdit)Charhbbobnh fudieStle tedNakauiRgn the

conpared val ues are equal. The operations that™ occur subsequent to this

step are identialdgrted Eprach bef shanderddafinition mideobased on a
vol t age detecti QReormbt fo $HsrauRk §ULL W_e of the current

I ntegration ci rcuff? 68. Anvo t age proporti_onlg to the current, which is
generated by a cur Thatlowtponar NTSEs televighop rtmansmititert B8 dBar ge pat h,

is converteg to t u 0 | a&‘g}&% ' 8 and a
constant-cu%r entd'a"gg#éégaday@far gesggegagg%?%%g&é& Ifeé ??%a?f’ or 88 is

di schar ged whengengrathng geragressiiyedy sgahuved framesofywidepeset signal
transmtted fro LM ng. DulS; t LQps peang: vol t age,

proporti onal to%g%g%lggjérgm%% q?%%tEEi gggﬁggg:%[rgc% t')'{@et he capacitor 88,

i s conpared by thenswipber s i mofi inetudedhim the @HGQURE Bal ue causing the
generation of t r Si I _ . fqual . .

expl ai ned above?:%fnﬁ§§§%5f g% cpére@?eéss%ggf Bﬁﬁ#:@%ﬁ%ﬁ% %nsaalébgmﬁggggack
control | ed 1y cOmeaFIGYRE Paramminderr bpeecsechiguidicmystfali-ddsphayge state of
the actuator w t(?.dfi 1 I FRYETHIEN Ig,i@ﬂdgt{,ggvégréé}f tq’rirri n3|6~é0| t age and
the integrated c arée cuarrent, osher par aimet er's ihf?e et I spl acenent
of the di aphr agmpectt netpe essThee dompirieesedkvidss atpraoter 24t dsnati - vely be
detected and us his_.p 1SS ' ' t J.n_the_second

enbodi nent, ei tﬁ%rtgghsgrtg%eé%a e%tel gﬁ-g%gﬁl (g(rj&{a@%urér%ﬁ\aqi ﬁf’Egr ation
circuit 68 for dilewpfiingededrive rc_glndm"]}:cmar gblﬁ:ingmlﬂyha?ﬂ; detcuat or 27, ?_nd
a conparis cir a iggﬂ o[, s 1 i mpLenent i ng
a cl osed-| gi(;Bp orr%;gggggé ké@%féf% 0|) 't ﬁl’éggﬁa?gig%;&%)ﬂ% k#el%;cg'?éﬁg?.kgme
provi si on of thesa euppityt Srive rsignadst ko theplLeERitiewfinder @25cdntry. To

prevent this prq_j&ls%ghsghgo Y, Cr, and Cb signals in 4:2:0 samplirig
format supplied by the decoder 24. During recording or

previewing, viewfinder drive circuitry 226 can supply

20 drive signals to the LCD viewfinder 225 in response to
Y, Cr, and Cb signals in 4:2:0 sampling format supplied
by the video input processor 202. The drive signals
applied to the LCD viewfinder 225 are typically R, G
and B drive signals.

25 A low-power NTSC television transmitter is used in a
variant of the FIGURE 3 camcorder, with arrangements to
transmit the 16:9 aspect ratio video images in letter-
box format. In such variant the compressed-audio
decoder 23 is retained.

30 FIGURE 4 shows a camcorder that differs from the
FIGURE 3 camcorder in the way that trickplay is
implemented. The DCT blocks are recorded in the tracks
on the electromagnetic tape so that the zero-frequency
and other low-frequency DCT coefficients of the



28 present enbodi ment provides for an open-loop control by predeterm ning a
respective optinmal charge period for several values of the power supply or
drive voltage, and setting the charge period based upon information
obtained froma neans for neasuring this voltage. Fig. 21 shows a bl ock
di agram of awgdwémeedsci rcuit according to the third enbodi mepcT/xwbseo2sthe
start-of-print signal S1 is output fromthe printer controller 62, a
variable timng pul se generation nmeans ¥323eads information on the
condition of the printer fromprinter condition detection neans 74, which

detects printer £Qndkki8RSos SHEP KIDARE oROVRER SEPRhY a&%ge?gaggcbased on

this information, the variable timng pulse generation eives an
opti mal charge Pportdgneopttsechiqaks. pPunisg -eoicknian these aexege
condi ti on nenor 5 ] - FESRY 86 4 7 as
prestored there?én orgﬁggcﬁmg?oﬁévéer%% g?)\%g?é{slﬁ%g?c or ﬁl\rlag' vost gég val ues
the respective agcoveredhieyagnanasdngsabdeow-gesptution ispdayabhedt i ni ng
pul se generq;iOQh@pans 73 char- ges and di scharges the actuator as
described in the Tirst enbodi nent. The charge condition nmenory nmeans is
capabl e of st or ihvighest fvedyerty DT sweffdeibutsadxe dideanded.onWdikhhol d

eriod. The fol l.Qw ' j l.anati  t L-_.r.ence.to actual
(I? i rcuit exanpl est%%gi E§a§]§gﬁé&ar{ qeﬁ:oe\%ﬁé?lt 5%#?3% r'a’?el #gﬁ]t%aet 1§‘gq§gﬁce of
opera- tions tharickplaywhands heomentiionaliymiagd pin stigidedr atiidee neans i s

I mpl enent ed usi LGr [PV =T o W2 Y | e .cirecu t that
detects the dri 3.%‘ s\%&%gggg#;%’?% 151(# l?%—s © thgsgg%P%i%%pa&elo&dc ?a Pi nt er
condi ti on ded ectrhake deams38Véonitldos bitg per second dfo @d mildiigmal S1, the
m croproces- SO0, 5340 grtggcgﬁ€pharging process at ST31, and sinmultaneously

begi ns the charging process at ST32. At ST33, the mcropro- cessor receives
i nformati on on pri Mher tebokiplaw rectxacttipat adrdatary r204 tike gmiiteedr in

condition detectdi.qn 4 | "printer condition”
refers to the vor1I %age gﬁiazd??‘{'/%%%v\:ér %@gghé %gﬁ?o( %?p’;seﬁcﬁﬁ)n. At ST34,
the mcropro- apparatus 203 is replaced by video comrexssicar starts up-a

Subr st e 187, SRR Gpb L S b bt B el BT B, L1
and, at ST36, thacilitatei cennedteiemn des thiee trabkplaytesErittiidne subrouti ne
circuitry 204. In the FIGURE 4 camcorder the data-
frame assembler 6 is replaced by the data-frame
assembler 106, which omits syncblocks descriptive of
20 trickplay bands from its transport stream assembly
procedures and increases the number of syncblocks
containing normal-play video packet informatibn in each
frame. The data-frame assembler 106 shuffles the order
of the DCT coefficients of the succession of DCT blocks
25 of each frame so the direct or zero-frequency DCT
coefficient and other low-frequency DCT coefficients
occupy leading portions of syncblocks. The Reed-
Solomon error correction encoder 9 and the Reed-Solomon
error correction decoder 13 are replaced by the Reed-
30 Solomon error correction encoder 109 and the Reed-
Solomon error correction decoder 113, respectively,
because of the increased number of video syncblocks in
an error-correction-coding data frame. The data-frame

disassembler 16 is replaced by the data-frame



reads charge.period data fromthe table and passes the data to the main
routine. Based on the charge period data, the main routine perforns a
series of processing tasks such as setting a tiner. The operations that
occur after this step are identical to those described in the first

enbodi ment . Wwobebdmaol d peri od nmust be changed dependi ng orrCa/KR8/00240
condi- tion, all that needs to be done is to set up a hold period table and
to performthe sane processing tasks as-i B4t he case of setting the charge
period. Thus it suffices to pass the status data to the pointer to the hold

period table. |mnidisebieit 1860MEat tadkied 1280 hBEoRE ! E1E WpAdsuddd Ve
power supply is divided and converfed to a dlbgl tal value by an A/D

converter 99. THEPEPRES SEXRAMCARIYENG SYRCPiReks sdpprrintitai®s i s

measur ed shoul d, . a%KP16h BanBRSEAR! Fepldi®e; Wheesmt PRbaad to all
charge circuits 64, Several of which normally exist. Fourth Enpodi ment In
the first to thiwithmyogblerks aentriniayw fwatherhwidep upadtet he charge
resistance i§ a Gidddnadliohactor that influences the print quality of

el ectrostatic actuator driven inkjet heads. The follow ng explains the
reason for this fadm Fegiaatsrehcthey FREURE] 20ANdet t CamCordsrs ,gavhessiast ance
val ue. Fig. 24.J Rrabla 8% d He RS a8kf f n F: ]?ﬁngesi- st ance
val ues the chargtefa(?ﬁ?rogiztfgr fst'flac curve.e i_.g.a td%g'cﬁgﬁ %ailggnalf e anount of

el ectrical char gressmrlen A06disncpexated dam dhedfeilhgwing witas giThe process.
In the charge ci | I B R ird e, f rgsi st or
43, which deterngﬁ%isépﬂ%g ??%e%goggt%% lé’l}rc% ﬁ&?ﬁ%x%gr%?n‘é prc%gslss,%si S

smal | t he abduntobfeasihe datiac fravearwith mondad ckplapdinfoxnations dding i ne
55. If the val ue SRBIIE 4 [ r |

30 the change i it he armegﬁtl hgé é{‘gc?frl?ccﬂaﬁ% éc%gggglsg}r{]segna%%%‘?{na |eng to
solid line 57. £rdmaehe dmsteadofthe¢ crntidkpdlaychafgematnionabs putodntioow y,
as shown by soli | . ol tod Ghar e r r_ink suction
cannot be obtain %ﬁ’ﬁi%ezt g?ﬁ@ﬁs{e%tﬁénﬁ Y, taﬁte:gcﬁg%'g% 1?.’1#]; hae]'lé\;ol unme of
‘the ink chanber @ecdupimst isushi fpvmat thy pusiiec dnformagionnandiitsnk ej ecti on.
If ink ej eci%on ‘iﬁtélorced under these conditions, a significant degradation
in print quality or even no ink ejection at all will result. Thus, in this
case, to obtain erxerfdairectionooeding. clSymicblocksl 2chhrgegh t1k axtear ge

pul se w dth nust :‘f‘aﬁ:f « L !Iaqa . o eases the
responsi veness ot .nhe lggg%gnggﬁégﬁ?%%ﬁfoa gﬁf’arié@?%{’% ?%%?11 he desired
pri-nting speed. jutormibtipn dsekpansmitied imm@uddoppackebsainclkiddd da

tions, a suffici f . uction occurs if the anount of
el ectrical char ggﬂéstoregiltosr%aps)g!rgg#hatel y 90% of

20 FIGURE 5 shows in greater detail the circuitry for

compressing video and generating a transport stream
used in the FIGURE 1 camcorder. Similar circuitry is
used in the FIGURE 3 camcorder. An input buffer memory
30, DCT computation circuitry 31, quantizer circuitry

25 32, activity calculation circuitry 33, quantizing table
selection circuitry 34, an entropy encoder 35, a
multiplexer 36 and an encoder output buffer memory 37
shown in FIGURE 5 are elements of the video compression
apparatus 3 of FIGURE 1. In practice, the DCT

30 computation circuitry 31, quantizer circuitry 32 and
activity calculation circuitry 33 may be implemented
using a microprocessor. A compressed-video-signal
packer 38 of FIGURE 5 is associated with the transport
stream encoder 10 of FIGURE 1, and a compressed-video-



the capacity.of the capacitance C of the actuator. Therefore, the ratio
between the tinme constant (RC) of the charge cir- cuit, determ ned by the
charge resistance R and the capaci- tance C, and the charge period (TO, as
determ ned from Equa- tion (5), gives Formula (6), and this determ nes the

maxi mum charwe spesvust ance val ue. g = qO (I -e-TA RC) PCT/KR98/00250
(5) g [err] O 9qo TORC [err] 2.3
(6) RC [err] 0.43T0 on t he ot her -haAd; when the anmount of electrical

charge increases too rapidly, as shown by line 55, the ink in the ink
passage is attragt fhs @faky 38 Oof NErotrd ¥ 4% a&&%&&%&g

I ndicated in Fig. his causes either the intrusion of [ﬁes 106 from

the nozzl e due t@?%‘&%?&sﬁﬁgw & o5 FISURE L - t hit trickplay quidmtt he

at nospheri ¢ pressySaue meflory 180 06€ WIAAGE 50fi N hh&@ﬁ&&da-gﬁﬁ’iﬁ‘ §hdases
di ssolved in the ink as air bubbles 106 due to rapid vibrations of the

31 ink in the i f@i&kplaye daps G?‘%E%%@éﬂl mlé?\ﬂuéﬁﬂw QA RIGURE dl.ecthr i cal

charge store &#b?r%%gdaﬂr?ﬁ bs %(élqu_e gt P ions so as to
reset the vofjurre 0 I nk gssg e to't tandE stgg?ﬁlgo@ ée pressure

t hat woul d nor meagspddijated Hﬂthnkhﬁlr%ﬁaatfﬂmel aséembégrb@dobyﬂmabbl es
106, thus |eading t S ection. To
prevent this probl éﬁ]%oopgagf{gg&ﬂ%cesﬂ%ytggestagél |a§ %ivgfkgq imt on the
time constant fot:24fe sempidogcFermat 1mdcqad§=dngnto thecinpuntiffer
verifications a ’%nl S d r trogen.
and ot her gasese&{n%ﬁb I%@ cg%thPngg t éwﬁl?‘lt mggg Eis%lllngn?{%lnt{ayapwpl i cation
of negati velﬁremeaya@a}t permibs mmckgeﬁeghtekummmmmg n the ink
passage, thus prﬁﬁ%ﬂ; | n Xp nt was
conduct ed under e % ?%ﬁ?h%?&é%%iggrnéve@%% ggg gpp ’?edeé%f?he head, a
charge period Tocaipytitdon] sirgnitay rﬁhlmmsoDCE’O{:eefgmmnuméozem stor
43, no bubbl es g € n a X in the

i nkj et head w tﬁ&ﬁfel%ezgt rgggtg%l QJ) r[uge;tted %t%a Q\lklawgﬁﬁg% eﬁﬁ

experinent. A necensislened afnaghebl;aqdamncamwé.lelggvehapbxgher -oxadexdt y 270 pF

resulting in-an r Frga; ' f. 0 3 r er. re,
t he inkj et g?l veﬁtl?l.rn;t':{f?()g 0 9.{3 %‘Egﬁ’fﬁs‘?ﬁ#&‘f tgntglr%sg{?gé %éequ%!f‘g’ Dﬁp
ej ection by setté¢ogEfiinient] apdosupplyigirthe cosputed NGTwodffidientsange -

bet ween an upper;angd & J OWRERhE ALt ordd sPRSe luThtsber d8f SLIHARS J, the

condi tion

The activity calculation circuitry 33 estimates

the degree of activity in the image. First, the

20 average value of the pixels in each DCT block is
calculated. Then, the difference between the value of
each pixel in each DCT block and its average value is
determined, and the differences are squared. The
squared differences are accumulated for each block, and

25 the resulting sum is normalized by dividing it by the
number of pixels per block. The normalized sums for
all the DCT blocks in a frame are accumulated, the
accumulation result for the frame is mmltiplied by a
first constant value A, and the resulting product has a

30 second constant value B added to it determine the
activity in the frame, which directly relates to an
estimation of the number of bits in the entropy coding
of the frame. This measure of activity in the frame is



that the tinme constant of the charge circuit is less than 1/2 of the charge
pulse width and the lower limt is determ ned by the condition that the
negative pressure exerted on the ink during the suctioning of the ink is
|l ess than 2 x 10[err]Pa. As will be understood, in each of the first to

third enbodiwod®eyrsgs t he charge resistor 43 may preferably persebosivdsdi n
this range. 32 Fifth Enbodi nent
Fig. 27 is a block diagramthat shows thke2@rive circuit for the actuator
according to a fifth enbodi nent of the present invention. Fig. 26 is a

timng chart fors@ﬁi@hnhag JahVEzdEIdP ¢ a8TR B¥gect foh éé’dité}??@aqdi ment .
The follow ng is an explanafion of the conposition and opera- tion of the
fifth enmbodi mentwhiighh usescEbig areasyng forp pedagting they indhiad &abde ¢ of

this embodi Ment 4f dualidikg" A \Rlx Li0PCTNBLELELILI chlad taoed as a

charge circuit to charge t actuator 27 and that a target value generation
means 70 is prowidegnitar 3dusppplies tto e @uangdzesn| eixeuittvida.o t he

vari abl e vol ¢ ag LL bl ugs ' | «dance with
the length o t?rnlglt%ai%tﬁgéeg{:%p‘?e}?és%%?ﬁ%ghc%;r‘lgﬁ%% r%‘gesgigel%. Upon
recei ving the stareods identifyingdtheStahlenofhqupnthzing cortues 1for 62 at

time t50, the ti,m I | NS e [ 4V lLrcuit
outputs a char getid S REEEEBELAE s XhdPUHY B-LRILES 30 Plintd 57
ment i oned above,théhaquamtdeservaineuifone 3. oTheeguengbzed NEE a t ar get

vol tage varying &%&#ﬁﬁ%n&?nggﬁ?ﬁie&i%ﬂ PEN 311@'{198 e?ifé\-{fhgnl[? ecei ved

t he charge signa suppli e generated target vol rage char ge
circuit 71.10Upocare reapmliiedgtot ém sentadmagancodene3Schsometimes cuit 71

supplies a char ge.ygl i, 8Ual bgeddit IGHAGEVAEHE 1605108, aciaiaor

When t he charge ‘stgna fromthée timng pul'sé generation ans becones
i nactive at tinein&hdinee sktapgeof valnclengith aodiingnandavari/dblt-ops '

generating targ l,ues...and the variable voltage charge circuit 71 stops
chargi ng the ac%%ggqihorcsdd,&?ﬂgér that di scharging of the actuator is

performed as described ittmlﬂ:ﬁ.plpxereﬁs nepaeived thet entropy gen@&Rixipws

D Chrd L SrBhutIF A0 Ehs! Bhb oV GIAAY" s8°RA LP8"Yeddfrd" 201 e

vol t age charge cTTcCUl
the codes identifying the tables of quantizing values

for the DCT coefficients that the circuitry 34 supplies
to the quantizer circuitry 32. Whenever there is
immediately to be a change in the table of quantizing

20 values the quantizer circuitry 32 uses, the multiplexer
36 inserts the code identifying the table next to be
used into the codestream it supplies as its output
signal. The inserted code serves as a prefix for the
entropy encoding results from the entropy encoder 35

25 that are then reproduced in the codestream the
multiplexer 36 supplies as its output signal.

An encoder output buffer memory 37 of a
first-in/first-out type temporarily stores the
codestream the multiplexer 36 supplies as its output

30 signal. The buffer memory 37 has storage capacity for
a fraction (e. g., one-quarter) of the amount of code
acceptable in a video frame and signals the
quantization table selection circuitry 34 when enough
of that storage capacity is used to risk overfilling.



33 for this enbodinent. The charge signal fromthe tim ng pul se generation
nmeans 63 is applied to the reset input of a coun- ter 91. Wen the charge
signal becomes active, the counter 91 begins operating, i.e., starts
counting clock signals that are supplied by an oscillation circuit 94. The
count val ue wotopdzas§ rom t he counter 91 is a binary out put cdKResEsUt into
the address input of a nenory 92 in which target value data are stored.
Therefore, the address in the nenory is-uBdated at every predeterm ned
clock count, and the target -value data stored at the respective address is

supplied to the glisgichdhvk NPyt sén &ildnA1908Y CERET it i o thdfiget val ue

is output fromthe D/ A converter 93 as a voltage. Wen the charge signal
beconmes i nacti véelegEipBuRlEsuipry 34 Sedectond nauantizatdans table tar get

val ue data storegd %tseadﬁireﬁﬁe%rﬁﬁz@iecﬁﬁﬁwrfzai Sid YiHed HeP the digital

i nput of the D/A con- verter. erefore, the charging of the actuator can
be stopped by sttfdues atstxate LfiRids progucsiont udihentthe sheragee out put

of the charge ci Idi £4,008S Hg%'?f 10 bl 3HCLs SLH 14 i g. 26 shows
t he resulti%% teéra%ér?ré'lt&\(gftg e o étlE‘Le actuator . ?As- S oa\'/\lfn\&idnlr]#;i s exanpl e,
the target val uamdexyubdligedsieh aPariodeofl ting, sthe|qhanbdizatimnt hin t he

active portion e |&ﬁaé Py ri I %Q_qr e circuit
71 is a constanga\%%t §§2é5???/'3r avullr%yaa%eggt %ggﬁ%éée/(gbéacg%%loop or feeding
back part of itsjusmtigationt bakle o the usedt by Thle  quantizex abl e vol - tage

charge circuit is e39f 1 BT QFG o] g,_e% e
proporti onal to%hxgﬁ?'g?ge%gvcl) t ages g%ng'lrﬁg:tggés%yi{:%e é@(ééor]]o\?'é:rter 93.
Fig. 29 is B0fl| @wasvationer Thps aredugesakbendikekihpd@ off tthee budfifgat val ue

o or opr ocessor . WY 27" Befas eyl S therfBY avlUf LA SReR £o

fromthe printemusomuldl cofes 2 thel codeshrgemssygpplied Tudmputheby t he
timng pul se ge ' S L’%;{nll J3C C I, L b alizes
t he address poi %ef?étrgﬁgmgggl :ﬁﬁloxﬁe?h t rE%gF géa?ﬁa;écga?é&ga’le I&&e@s

34 stored. At STR®,amth@9mi croprocessor updates the address, at ST23, it:

ds the d t d : . t : hem t
{he DI A contrtor. Tnine Spbr@gEiEAAddRiGnE) Bcfer Y MU Rre o7 10

specified tine ieudestaxieam supplied from the buffer memory 37 into

(184-n) -byte video packet payload lengths and prefaces
each video packet payload with a respective video
packet headexr. The video packets are incorporated

20 within the transport stream supplied f£rom the transport
stream encoder 10 to the data-frame assembler 6. In
the data-frame assembler 6, as part of a 2:5 conversion
procedure, the video packets are inserted into
prescribed sync blocks of each data frame being

25 assembled for recording and then are subjected to two-
dimensional Reed-Solomon encoding.

The compressed-video-signal packer 39 parses the
codestream supplied from the buffer memory 37 into 77-
byte segments for direct insertion into temporary

30 memory within the data-frame assembler 6 at prescribed
sync block locations of a data frame being assembled.
The 77-byte segments are subsequently subijected to
two-dimensional Reed-Solomon encoding procedures within
the data-frame assembler 6.



Ti at which the target value is to be updated. At ST25, the m croprocessor

waits wuntil the time-up condition occurs. After the tinme-up condition
has been detected, at ST26, the m croprocessor checks whether or not the
end of data in the target value table was reached. If there are still other

data, the mweoygongessor | oops to ST22 and out puts the nexpPCI/Rrgsaio2s0al ue.
If the end of data has been reached, at ST27, the m croprocessor outputs
the data that set the charge vol- tage to28V-and thus term nates the
generation of target val ues. Fig. 30 shows a variation of the fifth

embodi ment enpl oyi ng Q‘hfee%ﬂbéﬁﬂil&ﬁﬂrﬁdﬁfﬂut brEBrSmémsSey 40'SieLqfE Of a target
vol tage value, a target charge value_for the actuator is generated, the

target charge vaaRIoPaAFERESWFYRE 1304 deaposarilyesteres 1eko-haésidni ng of
the charging procRa%refhichBy BETUsdifonette 2TbHAtRE eéa%g\g&ﬁ@éﬂé appl yi ng

a charge current whose "value is regul ated based on the difference between
the target char gahrdiplexgnd3f hsupptigs AsedtBalgecsivtien wfrepsehcurrent,

whi ch t Sad [ t Ua- o th
wor G, thi s Soaiiieeithdnagp it iy CHIEERARH: Bo bl OR el o Chat |
makes the actualcat@ngé Ph the tricknlay usprtt hufferememony i @aeget
charge val ue. t%ahé %%ﬁt at96hr b4 & SRIE Y kh- @Bﬁg??géé(@%it?e&ar dwar e

a a s

solu- tion using the ove circurt exanples or war e sol ution
appropri ately costgnall pagkerntdreprhr dormedriptpebyrhes ogrd . indlentedhe ti nmi ng

pul se generati on, d@%a%?.'a&u?saésé}ﬁ?fe&e.ss 3908 ﬁggs&beé@;sgﬁfé:D"a' ue

generation means,” the target value generation nmea as no ove,
gener at es al®i neolaoks 0f earhedathaf xpme dasembladt fier oréeordinygl, t he

current integra- ti Il e Uj - ?Cé 0. the C .q;_qggii nt,
starts integrating the ?hgr !Sié“g%r‘r’g é{%%drdgggagi%%gagﬁ%ﬁge Si ﬁﬁal
35 fromthe tiniconpnedssdngevddeci and rganerading Fhbransporiatscresmr ge

current value o RH# . ! BechRE" '%J%:r tiQe, ¢hL= Lt.4 back as
t he instant aneouLﬁs C é&ggﬁ'&a Se to fainrl"r!'-’}aldl er s'eeglrgllngﬁﬁot)gﬂ-véﬁic%{o% vi des the
di fference bet warsed Ha ttheg@IGUREr4ccandandeand The ioputlbuffmmge val ue of

t he actua- r n h Eﬁ@ t,s o] vag4 ab rr.ent
charge ci rc{"ugt %ge“?oﬁ'lor?aghlgsc&ngn r?ﬁ%ogpacr%oun'fﬁg% %I%laf Séeﬁégt%%é%izﬁ%t he
actuator is al waysrowiglyaBdd thetactivity sadgudationt bbrewitget 38l ue from

the target val ue ggpgr e} n « i g oNg 2 Gi L CULL npl e of
the variable curten cﬁ%ﬁggaglgrécg?ig%mg%‘gﬁ%%ﬁgpc#%én@%a Jer,o bt ai ned
by a differenti s¢éncodes 3i5er the whbtiplexeahd6addor entofiey. odtputas t he

di 1 erence bet aglkdde dlcs! 693" 86 Aldie AU’ BBakRLCze 802 5tk /oM

val ue, is leve evel “conver
20 frequency DCT coefficients, and an encoder output

i

buffer memory 1372 for codestream coding high-frequency
DCT coefficients shown in FIGURE 6 are elements of the
video compression apparatus 103 of FIGURE 2. . In
practice, the DCT computation circuitry 131, quantizer
25 circuitry 32 and activity calculation circuitry 33 may
be implemented using a microprocessor. A compressed-
video-signal packer 138 of FIGURE 6 is associated with
the transport stream encoder 110 of FIGURE 2, and a
compressed-video-signal packer 139 of FIGURE 6 is
30 associated with the data-frame assembler 106 of FIGURE
2.
The transport stream generated by the transpoxrt
stream encoder 110 comprises video and audio packets,

and is characterized by the video packets being formed



97 after having. been attenuated, and is input into a
constant-current driver 98. In this manner a charge current correspondi ng
to the command current val ue i s obtai ned. In this manner, by providing a
f eedback control on the amobunt of charge stored in the actuator, this
charge is rewol9so®ds so that the di aphragm 5 does not touch POTEKRIBEESe ode
21, the amount of charge necessary to cause that |evel of suction that
ensures adequate ink ejection is stored,- @@ eptimal gap is constantly

mai nt ai ned, and a stable ink ejection is achie- ved. In the above fifth

enbodi ment, eGP THAToREBSEEEEE It LioE *hkaRb@oOf ahdr B&)- val ues. In
this case, the target values rather than a chargg Eel’l od and a charge tine
age

constant det er mi FREQURDYH BT coREf Ieiants; dmmedd vhatfeen rgpmaiackand t he
final charge amyadds ! e ast H8t Phci Mddtd @3Re&b14g.t he charge rate, the
target values are preferably set based on the saime Considerations that have
been expl ai ned i n tThe DSF cAMERbREAOR RLN@Ltre 1828t Hplenentasd &0 t he
charge resisgor 43, ?ﬂ"dv)idéo hEfcoiiid MODEENDRKASYEN PRGICht]

36 process, %he %%ttuaa: or is cﬁ%r ged in a way that the negg?%tlﬁees?gure
exerted on the ivhethemdhg computapion semflls: prpalonstrequercy XX char ge
anount, the tar rQ. _d : g
necessary o calces LA HEned 1iakludthg WMbd-erdaulich BUBke R Gl Tor

Enbodi ment Al t hoaagn t he above enbodi ments are based on the assunption that
the el ect romecha gl s AUQRRY BerOLodHfs A0S WRLLCLAC! HfE@rnd e I Nk -
viscosity, and o r ‘propertres are con- stant, in realrty these properties
may vary bell@eerMORPRRNRPIGATION| dndicatesrdihate thebcowmputat tommesults t o
agi ng or tenpe- T r %Hgg [ ad s et I e set

i n considerati onégé u:h%feose}6 agg)gr gr? va‘%ﬁeﬂs&{ r?%%f?ggééf%guetv’?{%t e re?)rm
optimal val ues twemdry Sk¥7d disdeondithened diedtalrey Ehewsohputetizdrect r ost-ati ¢

, he dj ' [ : d
cctuator, | Uhe dLshanie NESRD Liendl A0 SR deh ey 00A L glecly o0 st

be controlled so e dista ecat l e
wi t hout the di ap34 agpndiidianise theozqhanteizet BRicceapplyoguamtdzizegh ot her.
However, setting v _that 1€ it ' t he
i aphr agm aRd « nEnie e Ehe ARG 4P Loy EdiRhgy, B3 BOCECRE AR
expense of driveWhéd the BRNCODINGPMOPE INRIGAEION-dndheateevihat Hthegh a

direct contact i {ed, that the small est distance can vary
%?%f‘e’é‘ﬂcﬁ? retsn?tg agte

| eads to uneven qual1ty, tor exanple, the print density. In view of
t hese issues, ashigipvfrequetiay. DEZ, coetf s¢iantsmnitbe buffer memory 1372

is conditioned to store the computation results, and

20 the quantizing table selection circuitry 134 conditions
the quantizer 32 to apply quantizing tables for the
high-frequency DCT coefficients.

The buffer memory 1371 is a first-in/first-out

memory for storing two'parallel bitstreams. One of the

25 Dbitstreams composed of the entropy code and quantizing
table code associated with the zero- and low-frequency
DCT coefficients. The other bitstream is composed of
markers indicating breaks between DCT blocks in the
computation of the zero- and low-frequency DCT

30 coefficients. The markers facilitate the compressed-
video-signal packers 138 and 139 arranging the codes
descriptive of the zero- and low-frequency DCT
coefficients in bit ranges immediately after syncblock
headers. These bit ranges extend for prescribed



di ment provides further inprovenment by incorporating a prin- ter condition
detection neans 74, a variable-timng pul se generation neans 73, and a
charge condition storage neans 75, in addition to the configuration used in
the fifth enbodi- nment; further, in the sixth enbodi nent the target val ue
gene- rationygwswwsas S replaced with a variable target val uecgxmeseo2sd i on
nmeans allowing to select anong two or nore tables of target val ues
according to the condition of the printer30Iln this manner, a variation in
the viscosity of the ink, for 37

instance, can beRavvhYsCeFPsaRaltlt Nemgeti cmw&@f&sé&ﬁmﬁl e by
le o '

simply changi ng the charge period, As an exa a vari abl e target
val ue gener at i orPig@As PASkAY 13&i i e £EITEPOTE chlereaR enepdaraildOrade to
Fig. 29. During gdias Blibdhhéd@l i@y pta@miagaﬂsfeéﬁ@shraadsfpﬁ%lst&%%m
variabl e target val ue generation nganS readS status data fromthe printer
condi ti on det ecthenderSapsdagits| tine stagps, beingohekided dgetheal ue tabl e
fromplural presiuflord deked BeEd 1S pBihE phidla Hils target value
generation nmeans per- forns the sane processing as that shown in the

flowchart in Fi gynsblogkscini the dahfErage pspavblex okl ¢ | hedet ecti on
nmeans i ncl ude, i lelsb@0vi 8 _r@?fnas]h e k- s ure

det ection neans é(-:bo risrssibﬂgvg ?%npe at u:ﬁeéﬁ(lfgt e'ctgrl,lgés)’%c%?as a‘%anerm' stor,
di sposed i n the ftageniasgenblenclfifan nesegding pompressed twideicor A/ D

converting the f DL a tég%%%?ﬁé , ﬁg@@s | l.hg the
digital data to t ?*én]i \érﬂ(%ip:r g%e@é?)r. ) er%gtbeg?lg{gs neansst{gaitig%%ltent
tem peratult@ doexfiorow Atanpacking wWithams: suchoalhewancetheingmade
additionally or bV ELYpd EnddLVi and t os fi mum charge
condi tions fromrgé%?l{?rqrghpt gho?gprest'orgﬁggo%- “%??lgﬁngl.éﬂ %ﬁéecu%% nt er

condi ti on det ectdafheralasprescribed inteximlefoldawbhg psymiblodetheader,
conditions. Int e L aki ¢ 14, + | [ rCil t ioCh are
the sane in spec%%}ggjtsfiegﬁ!g gr@t@%ﬁ%&%ﬁ%ﬁ rslglFé%?lg?%er en ahd %9

speci fication, tdisdontisuerenacking cade drioms thenbgEfex tmeaneryd 1373 g
condi ti on by.det | t Lt gﬁgﬁ@i t4 . wer supply
vol - tage, %?I nt;’gierll%:ilg{s regcgégl?n(gédne; I a f%% gﬁgfgg %ﬁmﬁ]glmt e setting
status of, for eclmehsasl. aPBrkingi cede rixem ddeohuf fiex pmemoxy 137 2Althienugh
printer conditio i descrd : V. bei ng
applied to the f%@ﬁ'&g’%ogﬁﬁeg%??ﬁ? [@ll%g At%%glee %gflégl?gg'?l%% e e%e‘ct I on
means may al so UEhernplangdding tabletsakechipndicivauitoy 13k renedveiso@ For

i nstance, it

0

D

s first rate control signal from the buffer memory 1371
20 and a second rate control signal from the buffer memory
1372 for controlling the selection of quantization
tables, so that quantization tables can be chosen to

keep the amount of information each buffer memory
stores within prescribed limits.

25 FIGURE 7 shows snapshot apparatus 50 suited
for use with the camcorder of FIGURE 1 or 2. The
snapshot apparatus 50 includes an IEEE 1394 signal
decoder 51 for the IEEE 1394 signal from the IEEEI1394
signal encoder 20, an MPEG-2 decoder 52 for decoding

30 video packets supplied from the decoder 51, a frame

grabber 53 for NTSC video frames, and a printer 54 for

producing a hard copy reproduction of the grabbed NTSC
video frame. The frame grabber 53 is a memory for

snatching from a continuous stream of digital video



38 feasible to replace the charge resistor 43 by controll abl e resistance
means whose resistance value is controlled in response to detected printer
conditions and/or settings. 39 WHAT IS

CLAI MED 1 S: 1. An inkjet recording apparatus conprising an

i nkj et head wd6geet@vi ng for each of one or nore nozzl es (4pcT/RRos/MESOPASSage
(6, 7, 8) in comunication with the nozzle, and an actuator (27) conpri sing
a pair of capaci- tor plates (5, 21) of-w#lich one plate is formed by or
attached to a diaphragm (5) provided in a part of said ink passage, while

the other plat esﬂ?p&f”é?rﬁbl@b ¥hodkeaht208ed Addptdivid ozed Q!hghde of said ink

passage in opposifion to the diaphragmw.th a gap (G therebetween, and
neans for char gBR§earer dfiameafi YaddeRean@: LRY oY PF) exaeplgs ewPLPED| ace

the di aphragm (3) shy1 B infdtlicOdiakl mehSEFS A MSBPMJOMBERCE 1Nk droplets
fromsaid nozzle ?4), wherein said neans for charging and di scharging
conpri- ses chafgeodenteniy kamd Czpmegogan e ufed dm ithe enapsheatge

accunul ated g n Bpﬁ??géﬁffgﬁ‘(27) during chargi ng. 2. The appar at us
according to cla , ereln said charge control neans conprises charge

rate control neans FIGUREA shpws7 spapghot cappaxatiusy 55heudhedgfor aese of t he
actuator (27). . . r gt 0% di to ai erein said
with thé ¢ , 4;o§78;§G§'%€ $ 0G| e g@g ship

charge rate cont nmeans I s adapt e ontrol the final
charge rate to bpperati®r5s Hncludes ant [BEE 3% Fignaladecoder 56 4. The

e apted to ooty shé, FEm b lasdnat eGSR ASERE 80, BUBREE" Lt the
negati ve pridssueacpderd20: lan iIMBEG s degedenes? ninr cleswedng xideperr] Pa.
5. The apparat u%a%ﬁgeédéﬁigpf&@%og{]%hgf a&bé‘&é@ §6,t 3 Aframe grabber
58 for ATSC video frames, and a printer 59 for
producing a hard copy reproduction of the grabbed ATSC
video frame. A modified MPEG-2 decoder only for I
15 frames can be used in the snapshot apparatus 55.

One skilled in the art will be enabled by the
foregoing description and the accompanying drawing
readily to construct other embodiments of the invention
that are equivalent to those specifically described;

20 and the claims which follow should be construed to
include cbvious design variations within their scope.
For example, error-correction coding of components of
the transport stream can be performed at least in part
before assembling the transport stream from its

25 component parts. By way of further example, error-
correction decoding of components of the transport
stream can be performed at least in part after
disassembling the transport stream into its component
parts. In the claims which follow, the term “MPEG-2

30 decoding apparatus” is to be construed to apply to a
complete MPEG-2 decoder, capable of decoding P and B
frames as well as I frames, and also to apply to
modifications of such decoder that decode only I
frames.



wherein said.charge control neans (40, 62) conprises timng pul se
generation neans (63), charge neans (64) responsive to

40 a charge signal fromsaid timng pul se generation neans (63) for
charging the actuator (27) and di scharge neans (64) responsive to a

di schar ge sivgtedoofasom sai d ti m ng pul se gene- ration neanspCiyRRoS/a@250

di schargi ng the actuator (27). 6. The apparatus according to cl ains
5, wherein said discharge charge neans | 82) -conpri ses switch neans (45)
responsive to said discharge signal (52) for shorting said capacitor plates
(5, 21) of the wpripatPrcldimedolsa di scharge resistor (46) and/or said
charge neans (64) conprises switch neans (41, 42) responsive to said charge
signal (51) for applying a charge current through a charge resistor (43) to
the actuator (27). a camcorfier!BSmpPP@iys according to claim6, wherein
the product of the resistance value of The charge resistor (43) and the
capacitance of tHHe Videgat 6pmerz7)regpengiyes tehahighpr clmagese| Eoral f t he
active period o i ¢l : ' ) a { us according
to any one of tﬁgﬁg%&%%ﬁ{%é&sg?%{i}éﬁé%haerﬁgge P?sff%gﬁerregﬁgi B3) for

provi di ng aShol d pegixsmitarseapenaive§oothe ¢ &igoalsdsuppliad byt art of

a subsequent di g ' | | | ﬂ@ﬁgg[ ce with
a phase | ag bet é\éie?ﬁ %ﬁ%?ﬁ%f%g%%ﬁ%ﬁagﬁﬁé%%( essurggviébrbra | ons(é?ﬁrpl1 sai d
i nk passage (6, d¥gigyl video sigmalhewhpphr aeguenics caxk gusceptiplendoof the
precedi ng cl ai YERELS ' iah g ' fr the end of the
precedi ng char ggef)erl O%Bélr%t g%gﬁdﬁoﬁe?ﬁ%iﬁea?ééﬁg ol gmaeri od, if any, to
the start of the next reharder péoiroclectromagnetidaklyppecardingceaidi ng to

any one of .the | chal W | r tral_ eans (40, 62)
further cor#gri sgéﬁﬁr’g%én%g% 6%%%%1for e?e{he%aﬁ'g%e v%rfeial{e}"%?vaaﬂgaar"f - ter
representing thalenygute chufpeespft 8 wagneisi o atararddng?@pdionnpari son means
(67) for conparing the detected val ue

2. The camcorder of claim 1, further comprising a
transport stream encoder responsive to said compressed -
digital video signal for generating a transport stream

15 supplied with 2:5 conversion to said recorder during an -
interval of time, said compressed digital video signal -
being directly supplied to said recorder without 2:5 -
conversion during another interval of time

3. The camcorder of claim 2, wherein said circuitry for
20 generating a compressed digital video signal susceptible
to decoding by an MPEG-2 decoding apparatus includes:
circuitry'for intraframe coding consecutive frames of
said video signals as I frames within the MPEG-2 standard
protocol, for inclusion in said compressed digital video
25 signal.

4. The camcorder of claim 3, wherein said recorder is of
a type for electromagnetically recording said digital

recording signal on a tape coated with magnetic material.

5. The camcorder of claim 4, wherein said recorder is of

A




41 with a predeterm ned value and for outputting a control signal when the
detected value is equal to the predeterm ned val ue, and neans (63) for
stoppi ng the charging of the actua- tor in response to the control signal.
11. The apparatus according to any one of the preceding clains, further
conpri sing rwoesmr4sg condition detection neans (74) for deperkrespoesscor di ng
conditions of the recor- ding apparatus, said charge control neans (40, 62)
control- ling the charge and/ or charge + &Be-dependi ng on the detected
recordi ng conditions. 12. The apparatus according to any one of the

precedi ng cl ai ng, e e e eI BbEr ShAHER 1cRN 150k e BBABSNd 46h i P Ponp2ekHEas:

target val ue generation nmeans (70,” 73-75 or genera- ting a target val ue

correspondi ng t&igitaksividecsignel As fmedydatiened in the actuator
(27), and target val ue charging neans (63, 64, 66, 67) responsive to
said target value for charging the actuator up to said desired amount of
char ge. 63. The capsardenLhedaini 4g whergin prid regerdsm isapf t ar get
value i's vari eds W 45 k188t PoRloldtRAIY BB 8LAD o6l start
of charging avhh%h. The appar atguﬂs accorgfﬁg talé cﬁgism Cran %%gggf

clains 12 ahd 13igi#a¥ atidesasdguairae 2025 d-NREInwodubations storage nmeans
(75) having prestored therein charge/discharge conditions for the actuator
(27) according to the recording conditions, the target val ue generation
means (73-76) bei ndthalsamedrder pihedatm 3, twhepsin/shid vecordext isf ofar get

val ues based on_t ' ﬁ;%i ' Leved:. from sai t or age
means in respon%e oé:{%argggtg Sgtfg'gég‘g%or | %3 %gﬁé?&i%gogr?lé compresgeﬁ

42 15. Thdigppak atidecasdonal ngs t b-NRBI oodudatibe. precedi ng cl ai s,
wherein said actuator (27) is driven by a unipolar drive voltage.

16. A nethod of driving an electrostatic actuator in the inkjet head of an
i nkj et recordi n§. affhe samconter cfh clladmadt uehexreiins saddabéeoxderds bf a

and decr eading EnEno i P FRERRERIAY reEar At anfiontirepdel " char -

digital video signal as 24/25 I-NRZI modulation.

9. The camcorder of claim 2, wherein said recorder is of
a type for electromagnetically recording said compressed -
digital video signal as I-NRZI modulation.

15 10. The camcorder of claim 2, wherein said recorder is of
a type for electromagnetically recording said compressed
digital video signal as 24/25 I-NRZI modulation.

11. The camcorder of claim 1, wherein said circuitry for
generating a compressed digital video signal susceptible
20 to decoding by an MPEG-2 decoding apparatus includes:
circuitry for intraframe coding consecutive frames of
said video signals as I frames within the MPEG-2 standard
protocol, for inclusion in said compressed digital video
signal.

25 12. The camcoxrder of claim 11, wherein said recorder is
of a type for electromagnetically recording said digital
recording signal on a tape coated with magnetic material.
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ging the actuator .for increasing the volunme and subsequent discharging the
actuator for decreasing the volune, wherein the charging step includes

controlling the charge supplied to the actuator. 17. The met hod
according to claim 16, wherein the char- ging step includes charging the
actuator atwe9epdekified charge rate. 18. The net rowxkmegran2sh ng to

claim16 or 17, conprising a step of holding the charge accunul ated in the
actuator for a predeterm ned hold period 3ter the end of the charging step
and before the start of the subsequent discharging step, said hold period

sel ected in accardanee WainbBoRdeRase ¢ndnpalz, W&é&eiﬁesa?e&ieécaédégei
di aphragm and a pressure vibration _in said ink passage. 19. %he

met hod accor di n®% o Banyt¥life fot| fliactromagnebioablyi nreeexding cheaid ng
step ends at or dovpedsabal digetl & ildee %&ghaloistﬂwﬁnoﬂaﬁ%gkgg;tep-

20. The nmethod of any one of the clains 16 to 19, wherein said charging
step conpri ses: detecting a recording condition of said recording

appa- ratus, 14 9RE" hinBOrdéf £ SPRASE 1120 %§r§§g§§é§§0£§88£&%%91£0“‘

dition, a target value representing an anmount 0 e supplTed to
the actuatorS aff @ type <for electromagnetically xn€cordinghasafidig the

actuator until i | a : rges - ds to t upt char ge
eprasent 64 by Séoﬁg%aid : %gggt g1 ENRr 091686  'S35RARIS A A AP UR iy
moaulacion.

15. The camcorder of claim 11, wherein said recorder is
of a type for electromagnetically recording said
10 compressed digital video signal as I-NRZI modulation.

1l6. The camcorder of claim 11, wherein said recorder is
of a type for electromagnetically recording said
compressed digital video signal as 24/25 I-NRZI -
modulation. '

15 17. The camcorder of claim 1, wherein said recorder is of
a type for electromagnetically recording said compressed
digital video signal as I-NRZI modulation.

18. The camcorder of claim 1, wherein said recorder
is of a type for electromagnetically recording said’

20 compressed digital wvideo signal as 24/25 I-NRZI
modulation.

* c L M S *



