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tke drive can be nade to run at the highest speed which will not incur data
10 transm ssion problenms. BACKGROUND OF THE I NVENTION I n the CD ROM

i ndustry, there is an ever-increasing conpetition to 15 increase the rate
~at” which the data can be transferred froma CD-ROM disc to a peri pher al
device (hereinafter the terns "speed" or "CD-ROM speed” or "data

transm ssi on speed h t ata is
transferred, and shouP? ﬂaﬁg%% M RNb& IﬁE‘ﬁ-l(P\b g,egg whi ch
referstothe rate at whic |scr ates or sprnsrnthe di sc

drive). 20 This is understandabl e since higher speed usually neans |ess
waiting tinme for the user. The earliest commercially available CD-ROM drive

utilized a siFELIED OFCITHEOCINVENTION of an audio CD player and achi eved a
conpar abl e speed (hereinafter referred to as single-speed or 1x). Soon

thereaftef, the industry introduced dual -speed or 2x drives, quad-speed or
25 4x drives, and currently the 8x drives. In order to achi eve the higher
speeds, the drive Tiist irvendioherelatepita thiee fidlds of 80 Dc HOMs pagtuialggy, and

i ncreased rotational speeds. So for instance, a 4x drive should be able to
spin the CD reaviguledydpsupra-aplitratian syster angdimethod for eptimizingdhe speedy t h

I ncr eased speedsgé%ence I ncr ased rotatignal speeds), however, the disc

experi ences iH@ EILROM, @'r“éﬂ sreachy 9 ROM giscoinsertafl dpto the drive such that
the drive can be made to run at the highest speed which will not incur data

10 transmission problems.
BACKGROUND OF THE INVENTION

In the CD-ROM ihdustry, there is an ever-increasing competition to
15 increase the rate at which the data can be transferred from a CD-ROM disc
to a peripheral device (hereinafter the terms "speed" or "CD-ROM speed" or
"data transmission speed” shall be used to denote the rate at which data is
transferred, and shou'ld be distinguished from "rotational speed" which
refers to the rate at which_ a CD-ROM disc rotates or spins in the disc drive).
20 This is understandable since higher speed usually means less waiting time
for the user. The earliest commercially available CD-ROM drive utilized a
similar technology as that of an audio CD player and achieved a
comparable speed (hereinafter referred to as single-speed or 1x). Soon
thereafter, the industry introduced dual-speed or 2x drives, quad-speed or

25 4xdrives, and currently the 8x drives. |
In order to achieve the higher speeds, the drive muet be able to spin
the disc at correspondingly increased rotational speeds. So for instance, a

4x drive should be able to spin the CD-ROM disc about twice as fast as that



| pcr eases exponentially with speed, is a serious problemwhich can
significantly hinder the drive's performance. Intermttent data stream ng,
for 5 exanple, is one such a problemwhere the drive is unable to read
sdome of the data off the CD-ROM This proplem may nmake video applications
I noperabl e, or may unduly sl ow down other applications due to extended

oot o ool & PPl VAR TR Easdd ShEaURYn Bt ifadiRl FIBIGOR SRS, O
i nstance, th ' Ofi; iy ' t 4 : , f he
i ve ey exoWeVer MHeCkisNaRHEReEs, ntrambed VBraRn, TRRVDRAREG, whletd 1°,

8x drives, thacheddey Bponentiaflyl WithPSpEeds i€\a dsticusO probRm e@RIcH @aheVvi ew
of the first 8 drive in an article fromthe 1995 Decemnber issue of PC

Wrld entitl eslﬂﬁﬁcaﬁﬁy hiride?th&arivels! parformdires Nintermittent atacstidamiNgreor’
Al t hough sone hi gher speeds can concei vably be achi eved w t hout

conpr om sbng exarhplemisione suchsa poebldnr where thes dijve fis aaable tgread-seme ofn t he
current drives' hardware design, and would require extensive nodification.
In fact, to tthe data offf then€D+REM. orEhis iproblardguaynmake videonapplications
avai | abl e CD-ROM hardware currently exists which can consistently run a
CD- ROM di sc dnopgraljiecar mansndulyxglew dawnnether applications swer tor axtended
probl enms. Hence, for now, there is generally a conprom se between speed and
per f or mance. SSHORARCO¥ER WRBr speed is highly desirable and nay be 25
achi eved using curgent CD- technol ogy,, it,is, undesirable to deqgrade the
Mttty of The dENENOTIRETRRMAY 65 SHheY BRRINAIRODIGS 1o ganstiants
10 which may degrade the performance of the CD-ROM drive. For instance,
the drive motor may exceed its maximum rotational speed, or the drive may
experience resonance. This is why although there currently exist 8x drives,
the performance is quite poor as evidence by the negative review of the first
8x drive in an article from the 1995 December issue of PC World entitled
15  "First 8x CD-ROM Drive Doesn't Live Up To lts Name.”
Although some higher speeds can conceivably be achieved without
compromising performance, this would require significant improvement in
the current drives' hardware design, and would require extensive
modification. In fact, to the best of the inventors' knowledge, no
20 commercially available CD-ROM hardware currently exists which can
consistently run a CD-ROM disc at 8x speed without experiencing
significant performance problems. .
Hence, for now, there is generally a compromise between speed and
performance. So while higher speed is highly desirable and may be
25 achieved using current CD-ROM technology, it is undesirable to degrade

the integrity of the data transmission. On the other hand, while it is



3-desirable to have error-free transmssion, it is undesirable to operate
the drive at a speed |lower than its maxi num potential. The current CD ROM
drives do not operate at their maxi mum potential; they either suffer from
pdor data transm ssion due to excessive 53 speed (or |ower speed than that
clainmed due to increased error recovery tinme), or do not operate at the

hi ghest speedy; 6 KARA Y j s Jhes e, V

drives (as alqik%jé(]?j)l'Eéotsabove)ghgrr gieae[lﬁgggﬁn%se'a_@f'tg%%%mé?%e? \%Elgtﬁesufe fer

from poor datd’ri\ief&Fﬁ%@éﬂ%wéﬁth%rﬁ%ﬁiéxirﬁﬁnﬁﬂ?&eﬁﬁél\!e bei ng operated at its
e

near - maxi mum speed. currently-available 10 4x drives (actually also

the 2x and 1x driVvElse euieenh CDROM drivedr doenotoperate eatatireibahaxiniivgi r
maxi-mum speed. The prinmary reason for this shortcomng is that the drives

are only capghtential; dbey aitheqg saffeoriromns pood datarirarsmighioni die to speedsivar e
possible at tines without serious degradation in performance, provided that
certain 16 mpest{er lowaresspaad tharethatr¢laimed duecto, incoersest ermosdrcovRry
proper means to account for these paraneters, and therefore, are relegated
to either opdiae),y ¢@ net wpesatesst: theuhighpstspeed theyate capable: efnrunning

whi oh cannot TS GaTTenHYI@IZBIR 1 6y8B, o AING6 onBRRY R endh SRS on-
ﬁir éﬁ{ )S/ dggi r a%pénoﬁ‘%?i%é’ rwei‘iicri1 gu{‘fiegprtomm;)oap data rgr?srrtnfs%%nngg a }etqu{Dé#l tglebe
' drive being operated at its near-maximum speed. The currently-available
10 4x drives (actually also the 2x and 1x drives) are an example of drives
which operate below their maximum speed.

The primary reason for this shorticoming is that the drives are only
capable of operating at one speed even though higher speeds are possible
at times without serious degradation in performance, provided that certain

15 parameters are met. The current drives, however, lack the proper means to
account for these parameters, and therefore, are relegated to either
operating at a below-optimum speed to ensure consistent data transmission
for all situations, or operating at an excessively high-speed which cannot be
‘maintained continuously without encountering transmission errors.

20 Therefore, in light of these shortcomings, it would be highly desirable
to have a method and apparatus for the optimization of the operating

speeds-for current-available CD-ROM drives to facilitate maximum

performance without requiring extensive hardware modification.

25



te have a nethod and apparatus for the optim zation of the operating speeds
for current-available CD-ROM drives to facilitate nmaxi mum performance

wi t hout requiring extensive hardware nodification. 25 4 OBJECT OF THE

| N\VENTION It is, therefore, the primary aopject of the present invention to
optim ze the speed of currently-available CD-ROM drives w thout incurring

serious 5 pet C ﬁ?ﬁée I ring extensive hardware changes.

SUMVARY OF Tﬂé?%ﬁg\)l e f[gqra\égfélnémvention is a system and net hod for
pre-calibrating a 10 CD-ROMdrive for each CO-ROM disc inserted into the
drive for maximzing the drive's performance w thout degradation in data

transm ssion. Went @, gherBfdredithe prisndr)cbjéabf the prédditt ihveritiinAtocsptirizet s
maxi nrum speed. The systemreads a predetéerm ned data segnment fromthe inner

nost region ghetspeedi 6f cuirently+availalsledCDsROM  drivesnwitheut reedring sepioased
until no errors are 15 encountered. The error-free speed is then chosen as

t he oper abi npesforadinicerproblers oc requiring extensiverbadiware chargesdi sc i s
'separated into nultiple zones. The systemcalibrates each of the zones for
its particular maxi mumerror-free speed, and selects the error-free speed

as the operati nﬂ' speed for the zone.
SUMMARY OF THE INVENTION

The present invention is a system and method for pre-calibrating a

10 CD-ROM drive for each CD-ROM disc inserted into the drive for maximizing
the drive's performance without degradation in data transmission. When a
CD-ROM disc is inserted, the disc is rotated to its maximum speed. The
system reads a predetermined data segment from the inner most region of

the disc. If error is detected, then the speed is lowered until no errors are

15 encountered. The error-free speed is then chosen as the operating speed
for the disc. In another embodiment, the disc is separated into multiple
zones. The system calibrates each of the zones for its particular maximum
error-ffee speed, and selects the error-free speed as the operating speed

for the zone.

20
BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a block diagram illustrating the hardware implementation of
the present invention.
25 " FIG. 2 is a flow diagram of the single-zone method for optimizing a

CD-ROM drive.



20 BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a block diagramillustrating
the hardware i nplenentation of the present invention. 25 FIG 2 is a
fl ow di agram of the single-zone nethod for optim zing a CD-ROM dri ve. 5
FI'G 3 is a flow diagramof the multi-zons nmethod for optim zing a CD ROM

drive. DETAILED DESCRI PTION OF THE I NVENTION 5 To fully appreciate the

system and net-hods kAW ERH § uhIBnd! ' i rent
CD- ROM t echnol-ogy f?'mgpgaﬁrlgyaflaﬁkﬁe%wﬁg‘nt CDngRCr]ﬁi/l6 |sc§5,1r at{f?ll&ﬁ‘ér

uniformy stocpdROM gRveal pattern originating fromthe region closest to
the center of the disc, or the inner region. To read 10 the data, the disc
Is rotated in a CD-ROM drive, and the data is read off the disc in a spiral
pattern. The radius of the inner spiral is smaller than outer ones, and so
the linear vdDETAILED DESGRIPTIONr OMcTHE INVENEONNs of the disc, while
the angul ar or rotation velocity remai ns constant. Because the data on the
disc is ubiformy spaced along the spiral, the data transm ssion 15 speed
is directly proportignal to the linear velocity.- Hence, if the angul ar
To fully appreciate the system and methods of the present invention,
some discussion of the current CD-ROM technology is warranted. In the
current CD-ROM discs, data is uniformly stored in spiral pattern originating
from the region closest to the center of the disc, or the inner region. To read
10 the data, the disc is rotated in a CD-ROM drive, and the data is read off the
disc in a spiral pattern. The radius of the inner spiral is smaller than outer
ones, and so the linear velocity is different for the various regions of the
disc, while the angular or rotation velocity remains constant. Because the
data on the disc is uniformly spaced along the spiral, the data transmission
15 speed is directly proportional to the linear velocity. Hence, if the angular
velocity were to remain constant, the transmission speed would fluctuate .
widely as a function of the linear velocity. Therefore, the linear velocity must
remain constant if the consistent data transmission speed is to be achieved.
Hence, the current CD-ROM drives vary the angular or rotational
20 speed in order to achieve constant linear velocity, or CLV, which in turn
determines the data transmission speed. Since the radius is smaller in the
inner regions of the disc, the angular velocity must necessarily be greater
when reading the data off the inner regions of the disc than when reading
the data off the outer portion. Consequently, the spinning rate of the CD-
25 ROM must be at its greatest when reading the data off the inner-most

region.



velocity were to remain constant, the transm ssion speed would fluctuate
widely as a function of the linear velocity. Therefore, the linear velocity
must remain constant if the consistent data transm ssion speed is to be
achi eved. Hence, the current CD-ROM driveg vary the angular or rotational
20 speed in order to achieve constant |inear velocity, or CLV, which in
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encount er excRyiory of therdise, the\Whneh it r@?m‘rﬁ‘is} ﬁfo@érédsbegtib@at@vﬁiramm ng
and ot her data transm ssion problens. Al though these problens can occur ‘at

any regi o8 ofintdheediermorst becausecthenangulaegpeediis greatest witemptreadiagt data
“vibration- 5 induced errors because the angul ar speed is greatest when
readi ng dat a off this regionegTorenstice ¢haticonsidient datastransmissitn is achiewed o on
I's achieved for all regions of the disc, the current CD-ROM drives applies
a CLV val ue il regjons soff thec disce $he murrant LH-ROM shives appliasai Gh¥r v
region. BecauRing & sal Gorresponding angular speed Ih the inner-moet region. | o O 'S
Because the angular speed in the regions outside of inner region is
10 less than that of the inner region, higher CLV may be used in these regions
without incurring vibration-induced or other types of errors. However, the
current CD-ROM drives are not designed to utilize varying CLV values for
different regions of the disc. Hence, the entire disc must be operated at a
CLV value which is safe for the inner region, even though higher CLV
15 values are possible for other regions. The end result is that the overall data
transmission speed is lower than what the drive's hardware may be
capable of providing.
Furthermore, the CLV value chosen for the inner region is further
reduced from its theoretical maximum to account for various other factors
20 such as unevenness of certain CD-ROM discs and poor recording. The
current CD-ROM drives have no way of accounting for these factors which
may affect the integrity of the data transmission. Hence, the manufacturing
specification calls for a reduced amount to cover for all types of situation.
The present invention provides methods for accounting for the factors
25 described above. Each of the methods involves a Short calibration process
performed before the actual running of the drive to increase the speed of

the drive to the highest level it can perform without incurring data



10- less than that of the inner region, higher. CLV may be used in these
regions without incurring vibration-induced or other types of errors.
However, the current CD-ROM drives are not designed to utilize varying CLV
vatues for different regions of the disc.yHence, the entire disc nust be
operated at a CLV value which is safe for the inner region, even though

hi gher CLV 15 : val ues are possib for other reqgions. [tIhe resul.t.is
that the overtriemiasion PIPBAL | diva, Bendial neliille "Sa.atdies "Br R
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and poor recor ing.b T%e cu%?ent wn%\ﬁdrléges ave no way of accounting for

these factor scaiiprafedRyY cptinedlispeed, aRtiawrde/a @ingle TR AIIE RGeS Fdothe
Hence, the manufacturing specification calls for a reduced anount to cover

for all tgpesemtiresdistat inothe Mgtizohscapproachseverapzoviedesrentalindted for
accounting for the factors 25 described above. Each of the nethods

i nvol ves a shoptimabbpéedt and varyingsGLYerdluesrethypbéarsed herosst thel differening of
the drive to increase the speed of the drive to the highest level it can
per f or m wi t honegianscef therdjselat a 7 transm ssion problens. Two general

met hods are offered for optimzing the speed of a CD-ROM drive, a

si ngl e- zone and a M@t 1 -igoxdlegpdirgmam illustrating the elements of the present

system. The system utilizes an existing hardware implementation of the

10 current CD-ROM drives which is well known to those skilled in the art.
Hence Fig. 1 is presented here only for general illustration purposes, and
should not cbnstfued as being the only way to implement the system. In
FIG. 1, the system includes a spindle motor 10 which rotates the CD-ROM
disc 20. The spindle motor 10 is controlled by a servo control 25 which is

15 couple to the spindle motor 10 and an opticai head 15 for reading data off
the disc 20. A pre-amplifier 30 for amplifying pertinent electrical signals is
couple to the optical head 15, the servo control 25, and a digital signal
processor (DSP) 35. The system further includes a CD-ROM decoder for
decoding the signals received from the DSP 35, and is coupled to a rﬁicro-

20 controller 55, a DRAM buffer 50, and an IDE bus 45.

FIG. 2 is a flow diagram illustrating the single-zone approach for
optimizing the speed utilizing the implementation as illustrated in FIG. 1. A
CD-ROM disc 20 is first inserted into a CD-ROM drive. In Step 100, the
current speed, which is the particular speed at which the disc is made to

| 25 rotate at a particular point in time, is set at maximum speed so that the disc |
20 is made to spin at the maximum rotational speed allowed by the system

hardware. A number of hardware constraints may determine the maximum



t he singl e-zone approach, only one region or zone, here the inner zone, is
calibrated for optinmal speed, and hence a single CLV value is used for the
5 entire disc. In the multi-zone approach, several zones are calibrated for
opti mal speed, and varying CLV val ues maygbe used across the different

regions of the disc. FIG 1 is a block diagran1i||ustrating the el enents of
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system In Flt%ns’lmstsnﬁ\ speéawill ve u&&m&aﬁpbﬂ%@gmvtévghtlmn@elg‘i@atéﬁmtaﬁs the
CD- ROM di sc 20. The spindle notor 10 is controlled by a servo control 25

which is 15 theuparsrhizsidre speeddfearmaudio CD playern Bt thigimadatini speed
reading data off the disc 20. A pre- arrpllfler 30 for anplifying pertinent
el ectricab simgagl be dessapl er tgreater opependingeaxh lthe tparticatan handware 25,
and a digital signal processor (DSP) 35. The system further includes a
CD- ROM decodemn‘l@meﬂwm ng the signals received fromthe DSP 35, and is
coupled to a mcro- controller 55 a DRAM buffer 50, and an |DE bus 45.
FIG 2is a flow dﬁ@@rrtanqaselecjgdrra@xwm speed iy pehioyad, a dmasds set ta begin

optim zing the speed utilizing the inplenmentation as_illustrated in FIG 1.
A CD-ROM di sdn ps%tosmqaﬁygqmﬂmﬁbtca et ot pr eéta@pmf@lodatﬁhe
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system
rotational speed will be encountered. {f any errors in seeking the inner

region are encountered (called "seek errors"), then the maximum speed is

presumed to be too high, and the system moves to step 117. In step 117,

the system checks to see whether the current speed is a pre-set minimum

15 speed, which is a fixed speed determined to be reliable from a prior

laboratory testing. In the event that the current speed does match the

minimum speed, then the current speed (same as minimum speed at this

point) is used as the operating speed in step 145, and the calibration

process is terminated. If the current speed does not match the minimum

20 speed, then the system lowers the current speed by a 'fixed increment in

step 119, typically by 1x. The system then moves back to step 110 and
seeks the inner-most region again until no seek error is encountered.

When no seek error is found in step 115, the system moves to step

120 where it reads a predetermined number of blocks of data off the inner

25 zone. It continually checks to see if the reading is finished in step 125, and

if not, then loops back to step 120. After the reading is finished, the systerﬁ

checks for any read error in step 130. If any read error is encountered, then



har dware. A nunber of hardware constraints nmay determ ne the maxi num .8
speed, but an inportant factor will be the nmaxi mum | oad which can be
~undertaken by the spindle notor 10. Typically, the correspondi ng data
~transm ssion speed will be around 8x, or goughly eight tines greater than
“the transni ssion speed of an audio CD player. But this maxi num speed 5 may

rter the sel B8 PRI <oo8P LT aRRbBaH QL fer égiéfﬂﬁ'ﬂﬁgﬁ%? e,
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rot ati onal speed W e encount y errors In seeki ng the I nner

~region are enguat ﬁi@fitﬁec@étéﬁ reI@IPIs 10rtep 17, ¥ ied IddpeisouhaLUResHRtem S
. presuned to be t 00 hi gh, and the system noves to step 117. In step 117, the

- system ch&cksmoves ¢e sdrei#@r the current speed is a pre-set m ni num 15
speed, which is a fixed speed determned to be reliable froma prior
| aborat ory testi ngln stept14€, theesystemachedks to seeavhietherthe tined takercto teaei
m ni mum speed, then the current speed (same as m ninmum speed at this point)
i s used as tHe smallertthay thegue-set tine imiuT, 'Enmprer@etumeb'ras iaofixgd valties i s
term nated. ldetgprgmceldr Eﬁgénr?\%ﬁteglyd°§|‘°hc2°ttms”%mehwm be added to the total time
taken for the calibration process, it should be a relatively low value, e.g., 2
10 seconds. If the timetis less tﬁan the time limit T, then the current speed is
chosen as the operating speed in step 145, and the calibration process is
terminated. However, if the time t exceeds the time limit T, then the system
moves to step 117 and performs the above described instruction set.
FIG. 3A and FIG. 3B are a flow diagram illustrating the multi-zone
15 approach fo.r optimizing the speed utilizing the implementatidn as illustrated
in FIG. 1 (FIG. 3B is a continuation of FIG. 3A). The multi-zone method has
many of the similar steps as in the single-zone approach, but here plurality
of zones are selected énd calibrated for optimal speed for each of the
zones. Though many zones can be used, it is preferred that relatively small
20 number of zones be selected. Otherwise, the calibration process may
become undesirable Iehgthy.
In the preferred embodiment, two zones are used. The first zone
.covers the data track of 0 to 5 minutes; the second zone covers the data
track greater than 5 minutes. However, the number of zones and the zone
25 designation may be changed to suit a particular situation. In some
instances, it may be desirable to have greater number of zones spaced at

shorter or greater time intervals. However, it should be understood that



20 speed, then the system|lowers the current speed by a fixed increnment in
step 119, typically by 1x. The systemthen noves back to step 110 and seeks
the inner-nost region again until no seek error is encountered. Wen no
seek error is found in step 115, the syst®dn noves to step 120 where it
reads a predeterm ned nunber of blocks of data off the inner 25 zone. It

continual Iy cCiiRimgh dirc?6asd irl tHe hGRBEPBT 26néd MayMdrddbeSthfdriedspaedd! it f
not, then | oops Back to step 120. After the readi'ng is finished, the system

checks for anpayaatdudy ifdrease tiePeadBOtimel HManceeimdar altermadtivecsmbodingsratd,
t hen 9 the systemnoves to step 117 and the instruction set described

above for steferiied the pdaptiverzone|bounalarg atiplernentationg thie notberdof zdreas t he
system checks for the last test cycle. or loop, in step 135. |If the last

| oop i s not fanddheirndesighatiens asenabie dorke tseleated byl a. user thsuitovrious
found, the system5 noves to step 140 In step 140, the system checks to
see whet h® t$ituations.+ taken to read is smaller than the pre-set tine limt
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speed, which is the particular speed at which the disc is made to rotate for a
10 particular zone or region of the disc, is set at maximum speed so that the
disc 20 is made to spin at the maximum rotational speed allowed by the
system hardware. A number of hardware constraints may determine the
maximum sbeed, but an important factor will be the maximum load which
can be undertaken by the spindie motor 10. Typically, the corresponding
16 data transmission speed will be around 8x, or roughly eight times greater
than the transmissioh speed of an audio CD player. But this maximum
speed may be lesser or greater depending on the particular hardware
implementation.
After the selected maximum speed is achieved, the timer is set to
20 begin in step 215. In step 220, the optical head 15 seeks out the current
zone, which initially is the inner most region of the disc 20 since this is the
region where the maximum rotational speed will be encountered. However,
in subsequent runs, the current zone may cover regions other than the
inner-most region.
25 If any errors in seeking the current zone are encountered (called
"seek errors"}, then the maximum speed is presumed to be too high, and the

system moves to step 235. In step 235, the system checks to see whether



noves to step 1 17 and perforns the above described instruction set. FIG
3A and FIG 3B are a flow diagramillustrating the nmulti-zone 15 approach
for optimzing the speed utilizing the inplenentation as illustrated in
FIG 1 (FIG 3B is a continuation of FIGy4$8A). The multi-zone nethod has
many of the simlar steps as in the single-zone approach, but here

o G CuR b=t B ool b R e
| ati | . . , t
ol fbrati on postentihed B BRCHIBbICE R8P 151k pBEIAEry [shiRb 1A Te dlent hat

nbodi ’ fii X 0
enmpodi nent tﬁ%hée'ﬂg%?o%é\ed)%gs mateh ttlﬁsrﬁlrﬁrﬂﬂﬁl EB%fd,sthbHthaéLﬁgénﬁtaéﬁ‘ééac

to 5 mnutes; d zone covers e data track greater t 5"m nut es.

However, the @afReasThimMRR spaed dehisP6ingds useasas fivd bpBrdtig Ssesd dhrged
to suit a particular situation. In sonme instances, it may be desirable to

have greaber thenf@rent zerenirsstoparEs] @id tHeosystenomoyesaireto Siepe270t ¢f thal s.
However, it should be understood that 10 though an increase in the

nunber of zonasremtyspeed doss nbhenatch tiee sniniumi speetl; thenl dtihe sysiene doretshe
ready time. Hence, in an alternative enbodi ment, ternmed the adaptive zone
boundary i npltheecumenbapeeddyhantixad iicremesd, typicallyeby ldein gtep 2&bs amde
able to be selected by a user to suit various 5 situations.

moves back to step 220 and seeks the current zone again until no seek

| error is encountered.

10 In the event that no seek error is found in step 220, the system moves
to step 240 where it reads a predetermined number of blocks of data off the
current zone. It continually checks to see if the reading in finished in step
245, and if not, then loops back to step 240. After the reading is finished,
the system checks for any read error in step 250. If any read error is

15 encountered, then the system moves to step 235 and the instruction set
described above for step-235 is performed. If no read error is encountered,
then the system checks for the last test cycle or loop in step 255. If the last
loop is not found, the system goes back to step 235. If the last loop is found,

~ the system moves to step 260 where it checks to see whether the time t

20 taken to read the data is smaller than the pre-set time limit T. If the time t
does not exceed the time limit T, then the current speed is chosen as the
operating speed for the current zone in step 265, and the system moves to
step 270.

In step 270, the system checks to see if the current speed is the

25 maximum speed. If the current speed is found to be the maximum speed,
then the system sets the current and the rest of the zones to the current

speed (here the maximum speed) in step 275, and the system moves to



In FIG 3A, CD-ROMdisc 20 is first inserted into a CO-ROMdrive. In step
200, the current zone, which is the particular zone being calibrated at any
given point in tinme, is set to the inner zone. In Step 205, the current
speed, which is the particular speed at Wwgch the disc is nmade to rotate
for a 10 particular zone or region of the disc, is set at nmaxi num speed so

that the di scyigd dgo (Ide 469, Sibithe RlirbhiP sBBXA IR MePhradiiplmbaissst M beged by

t he system har A nunber of har nstralnts may t'erm ne

naxi mim Spee@b?@,%eﬁr‘thie@fﬁtém“éhécﬁ@stw s¥é lifl theeclifént BondEMtHe gt Winghincan
be undertaken by the spindle notor 10. Typically, the corresponding 15

dat a transm sstepresi el thavclirehbzona®isotde last Zoneg then theaSystemmoves ot er
than the transm ssi on speed of an audio CD player. But this maxi mum speed

may be | essertodhegrexiizenedthecrohenfurtiver tawaypinomi thelianehzorb)dn step 280 and

I mpl enentation. After the sel ected maxi num speed is achieved, the tiner is
set to 205 bdeggins the estirepinstruction sefpovercagaimstasting &om stepi20% déérksteput -
the current zone, which initially is the inner nost region of the disc 20
since this i L8hdt iscdetenminas that ke pHkeptFoReisithelast zepecthef the system
encount ered. However, in _subsequent runs, the current zone nmay cover

regi ons ot herMP¥es 19 atep 29 - nost region. 25 If any errors in

haxi mum speed 1 5 pretfiga oy FR FRSoR fhstenaofnbecs et e 9 By 255,
'n step 235, |§&ezoﬁ'}'eséﬁg1tﬁé‘ §§sli§mt Moves t(‘)"@faetp%s. In step 305, the system checks
10 to see if the speed of the current zone is either greater or equal to the speed
of the last previous zone (the zone closer to the inner zone). If the condition
in step 305 is met, then the system moves to step 310, where the system
sets the speed of the previous zone to the speed of the current zone, and
moves to step 315. If the condition in step 305 is not met, then the system
16 directly moves to step 315, where the system checks to see if the current
zone is the first zone, or in this embodiment, the inner zone. If the condition
in step 315 is met, then the system moves to step 320 and terminates the
calibration process. If the condition in step 315 is not met, then the system
moves to step 300 where the current zone is set to the last previous zone.
20 The system then moves to step 305 and performs the instruction described
above for step 305. The steps beginning from step 290 described in this
paragraph basically perform the function of ensuring that a zone which is
closer to the inner zone does not operate at a speed that is greater than a
“zone which is further away from the inner zone. Although it is preferred that
25 this instruction set be included in the multi-zone pre-calibration method, it is
~ possible to dispense with these steps without completely losing the

effectiveness of the method described herein.



the current speed equals a pre-set mninum speed, which is a fixed speed
determ ned to be reliable froma prior |aboratory testing. In the event
that the current speed does match the m ninum speed, then the current speed
(sane as m nimum speed at this point) is yged as the operating speed for 5
the current zone in step 265, and the system noves on to step 270. If the

curr ent specd Socsrig! s GPIREIRAGIT R Sio 14 ARSI
back to step %ﬂw@d’?dé?ﬁ#ﬁd QBoGHrrﬁgﬂtbezﬂ%@EtéH iHbid dﬁlmkine&éﬁ&ué S

encount er ed. e event that no error 1s f I'n step 220,
the system moyggst o Fremstdibe\Niiee sybtdhaghayabsr ﬁdﬁi-ﬂﬁfém@me%ﬂ?bﬁfto%eh

bl ocks of data off the current zone’” It confinually checks to See if the

reading in fimarieste of & GD-HOM andel f Imahe alterhativepihdagistém aip beA0.
After the reading is finished, the system checks for any read error in step

250. |f aBy rinedrporated as d Softmace application pregranhdn sy csomputervifsa peoparep
235 and the instruction set described above for step 235 is perforned. If
no read err orinterface existe hatweenethet cempytercand the KSDFBOM Hdrivieas tFarethe

cycle or loop in step 255. If the last loop is not found, the system goes
back to step adaptiver zohe houndary dmpiementaiign meatioped ahaows, howeves; épis260
~where it checks to see whether the tine t 20 taken to read the data is

smal | er than Rrﬁéerﬁ@@-tgél the seftware @pproagh pectakeResq thajcan peratar fdthene

time limt T, then the current speed is chosen as the ,operating speed for
the current AHI¥ $an sasly menipulale heZanspaiaMRIoEIa St his priey hedds.

10 It should be understood by those skilled in the art that though the
description above used speeds of 1x, 2x, 4x, and 8x to generally illustrate
the principles of the present invention, greater or lower speeds are also
applicable. For instance, the present invention may optimize a drive
operating at 16x, provided that the accompanying hardware implementation

15 allows the drive to satisfactorily perform at 16x. |

It should be also appreciated those skilled in the art that the block
diagram of FIG. 1 and the flow diagrams of FIGS. 2, 3A, and 3B, have be
presented here only to illustrate the preferred embodiment of the present
invention and should not be viewed as the only embodiments. Hence

20 various modifications, additions and substitutions are possible for the
preferred embodiment without departing from the scope and spirit of the

invention as disclosed in the accompanying claims.



In-step 270, the system checks to see if the current speed is the 25
maxi mum speed. If the current speed is found to be the maxi num speed, then
the systemsets the current and the rest of the zones to the current speed

(here the maxi num speed) in step 275, and{4 he system noves to 12 step
290 (FIG 3B). If the current speed is not the maxi num speed in step 270,
then the Systeg ks to see if the current zone is the last zone in step

285. If the cirrent zone is not the |ast zone, then the system noves on to
the next zone (the zone further away fromthe inner zone) in step 280 and 5
begins the entire instruction set over again starting fromstep 205. If in
step 285, it We élaingr M ned that the current zone is the |last zone, then the
system noves to step 290. Referring nowto FIG 3B, in step 290, the
current zgne 1.s seA tginglezbas! precaitation syetkeod mofesoptimiziag 3féata | n
step 305, the systemchecks 10 to see if the speed of the current zone is
ei t her gr 2at dransmisgionl speed ofa GIREYOMf driveecomptisipgevi ous zone (the zone
closer to the inner zone). If the condition in step 305 is nmet, then the
system nodes to st@)p seliting cureerd speeddpdnaximitn spead; speed of the previous

- zone to the speed of the current zone, and noves to step 315. If the
condi ti ondin step Bospinainga Q\QﬁéMl‘SﬁclaﬁH‘%%rtr@'hﬁ%eddﬁ rectly noves to

3one. “or Bn this coGundANG § detaaesissin o oPR 28R t1on ©
: 6 d) setting operating speed to the current speed if the data-

7 translmissi-on test is passed;

8 e) setting the operating speed to the current speed if the data-

9 transmission test is not passed and the current speed is minimum speed;
10 f) setting current speed to a lower speed if the data-transmission test

11 is not passed and the current speed is not the minimum speed; and

12 g) repeating steps b) through f) until the operating speed is
13  determined.
1 2. The method of optimizing data transmission speed as recited in claim
2 1 wherein said data-transmission test in step c¢) includes the following steps:
3 a) starting a timer and seeking to said zohe;
4. b) skipping to step d) if no seek error is encountered;
5 c) terminating the test and declaring a non-pass result for the data-
6 transmission test if a seek error is encountered;
7 d) Reading a pre-selected number of blocks of data in the zone;
8 e) detecting for read error; |
9 f) skipping td step h) if no read error is detected;
10 g) terminating the test and declaring a non-pass resuit for the data-
11 transmission test if a read error is detected:; |

A Y RO A



in step 315 is nmet, then the system noves to step 320 and term nates the
calibration process. If the condition in step 315 is not net, then the
system noves to step 300 where the current zone is set to the |ast previous
zone. 20 The systemthen noves to step 3@ and perforns the instruction
descri bed above for step 305. The steps beginning fromstep 290 descri bed
in this ragr-aph | itpt.he function of ensuring that a zone
whi ch is.qgl oser toﬁf?i%&%#g?rp%ggnsglépcﬁés not operate at a speed that is

greater han a zornggm'jt,@Pgité siéﬂkf‘iﬂh@%i/ld(dgé@ tbgner zone. Although it

Is preferred that I nstruction set included in the multi-zone
pre-calihgation mq? hegtmihating tie sest aeclariﬁ?@ﬁenxpats@_ igaQitefof tise atat hout
conpletely losing the effectiveness of the nethod descri bed herein. 13
The syst ¢6 f drarismiskionateshif thé tast ioup I8 noidetestddt he nul ti - zone net hods
descri bed above may be incorporated into a CO-ROMin various ways. For

i nst ance16t he systkdmcomparnga time, tedtakencta complete step dlaagainst aoprex
CD-ROM drive. In the alternative, the systemnmay be 5 incorporated as a
sof t war e1&pplselegteddine 8@itati i n a conputer if a proper interface exists

bet ween the conputer and the rive. For the adagtive zone boundary

d the CD-ROM d -
i npl enenf 8t i on nerl tefaiRating\tbe testald deglaring ajpen-pass Jesuli for the gdstawar e
. approach_he taken so, t hat .operator of e.driye can easily manipul ate
the sonetBar diaitatnisSion 125t 1 i Greaorian qual i 77 and
20 m) terminating the test and declaring a pass result for the test if t is

21 less than T.

1 3 The method of optimizing data transmission speed as recited in claim
2 1 wherein said zone is an inner zone covering a data track of 0 to 5
3 minutes.
1 4. A multi-zone, pre-calibration method of optimizing data transmission
2 speed of a CD-ROM drive comprising:
3 a) dividing a CD-ROM disc into a plurality of zones;
4 b) setting current zone to first zone;
5 c) setting current speed to maximum speed;
6 d) spinning the CD-ROM disc at the current speed;
7 e) conducting a data-transmission test on the current zone;
8 f) setting operating speed as the current speed. for the current zone
9 if the data-transmission .test is passed;

10 g) setting the operating speed as the current speed for the current

11 zone if the data-transrhission test is not passed and the current speed is the
12  minimum speed;
13 h) setting the current speed to a lower speed if the data-transmission

14 test is not passed and the current speed is not the minimum speed;
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10 It shoul.d be understood by those skilled in the art that though
the description above used speeds of 1x, 2x, 4x, and 8x to generally
illustrate the principles of the present invention, greater or |ower speeds
- are also applicable. For instance, the prgsent invention may optinze a
drlre operatlnglgt 16r, provi ded that the acconpanyi ng hardware

I npl enmeng ati on . . | V. ‘ﬁﬁﬂi a i igl t
should b gal SO apd} ?&p%}[%@w%(t)géé s@i f’ﬁ’e nﬁ)hghg! tthtéhgﬁbzﬂﬁ%?%%ﬁilggram
of FIG %ea“%ﬁkgﬁnihba%ﬂirﬁ&ém Oorfe: GS. 2, 3A, and 3B, have be presented
here only to i1Tustrate the pre?erred enbodi mrent of the present invention
and shoukg not be (j)"éé‘tﬁﬁg%ﬁe@pérﬂmg’sﬁééww tentraxirmancspasd forathieonuarent
nodi fications, additions and substitutions are possible for the preferred
enbodi neng Wiidheuand enesrt zorest andrtérvinating theacalibration tf thie cureentrspeed isn as
di scl osed in the acconpanying cl ai ns. 14 CLAIMS W claim 1 1. A

si ngl e- zgge, theanaximumapeed; nethod of optimzing data 2 transm ssi on
speed of a CD-ROM drive conprising: 3 a) setting, current speed to
nmaxi mum 8peed; 4 k) terminatingspe roalibeationdbthrosyiaertcspged jgene Péﬁ?g

c) conducting a data-transm ssion test on a zone;, W@d; >
21 speed for the current zone and the current zone is last zone;
22 ) setting the current zone to a next zone if the current speed is not
23 the maximum speed and the current zone is not the last zone; and
24 m) repeating steps c) through I) until the operating épeed for every
25 zone is determined. '
1 b The multi-zone method of optimizing data transmission speed as
2 recited in claim 4 wherein said first zone is an inner zone.
1 6. The multi-zone method of optimizihg data transmission speed as

2 recited in claim 4 wherein the CD-ROM disc is divided into two zones, an
3  inner zone and an outer zone, said inner zone covering a data track of 0 to
4 5 minutes, and the outer zone covering a data track of greater than 5
5 minutes.
1 7. A multi-zone, pre-calibration method of optimizing data transmission
speed of a CD-ROM drive comprising: |
a) dividing a CD-ROM disc into a plurality of zones;

b) setting current zone to first zone;

2

3

4

5 c) setting current speed to maximum speed;

6 | d) spinning the CD-ROM disc at the current spéed;

7 e) conducting a data-transmission test on the current zone;

8 f) setting operating speed as the current speed for the current zone
9

if the data-transmission test is passed;
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6 - d) setting operating speed to-the current speed if the data- 7

transm ssion test is passed; 8 e) setting the operating speed to the
current speed if the data- 9 transm ssion test is not passed and the
current speed i s mni num speed; 10 17f) setting current speed to a

| ower speed if the data-transm ssion test 11 is not passed and the current
- speed isfpot the rg)nsettingstheecherating speed as the;;)cunqmt@lpleﬁg fordpe ayrrentr ough
~f) until the operating speed is 1 3 determned. 1 The net hod of
optimi zi hy datometif thes datasiransrojssion test isoet passed %ﬂ‘hthﬁ purrent spradistheai g
data-transm ssion test in step c) includes the following steps: 3 a)
startingl@ timinimgmispeedi ng to said zone; b) skipping to step d)

égfggrfgiki%&ﬁ:p' igéiu‘énﬁwgkiﬂegﬁépaa@ao we(%ﬁ‘ﬁé 08 et e, o,
ofdara 1 e, g ngssed and tho GhidiBpRAae, ﬁ%&?ﬁ*@ﬁ'ﬁ@“‘ s’ o p) o0
The et 1Hnd decl d  tApoRtHsh et P iR 10, FRe Mo ?f’a‘t"?%n%%és%f‘?n' "

}_est :\/{ ?Grsead%télrrﬁiﬂl’ed farﬂf‘é&(}ﬁgﬁi,zohe'}llllll 111111 1111111111111111 ~* C

17 j) setting the operating speed to the maximum speed for the current
18 zone and outer zones and skipping to n) if the current speed is _the
19 maximum speed; |

20 k) skipping tb n) if the current speed is not the maximum speed for
21 the current zone and the current zone is last zone;

22 l) setting the current zone to next zone if the current speed is not the
23 maximum speed and the current zone is not the last zone; and

24 m) repeating steps c) through 1) until the operating speed for the last
25 zone is determined.

26 n) setting the current zone to the last zone

27 o) terminating the calibration if the operating speed of the current |
28 zone is greater than or equal to the operating speed of previous zone and
29 the current zone is the first zone; |

30 p) setting the operating speed of the previous zone to the operating
‘31 speed of the current zone and terminating the calibration if the operating
32 spéed of the current zone is less than the operating speed of the previous
33 zone and the current zone is the first zone;

34 q) setting the current zone to the previous zone if the operating
35 speed of the current zone is greater than or equal to the operating speed of

36 previous zone and the current zone is not the first zone; and

- —
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15 12 h) | ooking for a last |oop; 13 1) skipping to step k)

If the last |oop is detected; 14 j) termnating the test and
declaring a non-pass result for the data- 15 transnmission test if the |ast
| oop is not detected; 16 k) conparigg a time, t, taken to conplete
step d) against a pre- selected tine limt, T, 18 1) terrn'nating

test it BN grear @'r'%geg“ﬁ% EC0) PG ot e c‘?'?%'ﬁtze"}'?‘ﬁ isHha RS AR
and decl ani ngga pagpe’ fili-zoh8 mbtHod ©F loptimikin gsdaﬂa t}a‘?'%?nlggﬁﬂ g?eéd as

The nethod of optimzing data transm ssion speé€d as recited in claim2

‘wherein sa d zRediif cl’élm PReHeréPNEaid st 20Me i@ dhinhet 2ok, of 0 to 5 3
mnutes. 1 4. A multi-zone, pre-calibration nethod of optimzing data

transm ssifon @,  sPhedmalti-ache-Meall of optimirings datd tRinsmissionagpdédias ng a
CD-ROM disc into a plurality of zones; 4 b) setting current zone to
first zon® ©bGrecited in claiget4 iong7 ovhersin ssidcdatactramsmiasions festjn Gtep e) d)
spinning the CD-ROM di sc at the current speed; 7 e) conducting a

dat a- t r an$ni sischidesdbe following stepsent zone; 8 f) setting operating
speed as the current speed for the current zone I f the

dat a-t randni ssi on abﬁamggﬁa@’ggﬂandﬁeekmg to the f'S\‘ﬁt&mﬁg t he operating speed

th t d t h
as the cu%r en Speg) s Pprpmg tlep 5 it no seek error is encountered

6 c) terminating the test and declaring a non-pass result for the data-

7 transmission test if a seek error is encountered;

8 d) Reading a pre-selected number of blocks of data in the zone;
9 e) detecting for read error;
10 f) skipping to step h) if no read error is detected;
11 g) terminating the test and declaring a non-pass result for the data-

12 transmission test if a read error is found;

13 h) looking for last Ioep;
14 i) skipping to step k) if the last loop is detected;
15 j) terminating the test and declaring a non-pass result for the data-

16 transmission test if the last loop is not detected,;
17 k) comparing a time, t, taken to complete step d) againsf a pre-
18  selected time limit, T;
19 l) terminating the test and declaring a non-pass result for the data-
20 transmission test if t is greater or equal to T; and
21 m) terminating the test and declaring a pass result for the test if t is
22 lessthanT.

1 10. A single-zone pre-calibrating system for optimizing data transmission

2 speed of a CD-ROM drive, said system comprising:

|, A



11> zone if the data-transm ssion test is not passed and the current speed

Is the 12 m ni mum speed; 13 h) setting the current. speed to a
| ower speed if the data-transm ssion 14 test is not passed and the current
speed is not the m ni num speed; 16 15 19 i) repeating steps d)

rthrough h) until the operating speed is 16 determ ned for the current

 zone; 17 ) t Al ik ; ; e%ge&d?f _the
current 1 zone a%g éostegtrrBQ@r?ggggﬁfjbﬁ%ﬂ%ﬁ%mggt |g”cai |ég}§§tion [ (%I?le
current speedrOM Hkc diBBoSEX in"ihe GDIROM dfive; k) termnating the
calibration if the current speed is not the maxi num 21 speed for the

current zgne and tbp gueading reansi forlreatlingodata 8f the CD-ROM dis¢ iat@ariyhe
current zone to a next zone iIf the current speed is not 23 the maxi mum
speed and6t hepregisedynselected regiowof theedisast zone; and 24 m repeating
steps c¢) through 1) until the operating speed for every 25 zone is
determined. 1 5. c) ’héesting meansdfordesting af quality of datg teansmissionsefi thel on
~speed as 2 recited in clajm4 wherein said first zone is an inner zone. 1
6.  The Bul tseloeled regiatuef e d88ii ni zi ng data transmi ssion speed as 2

{hner zond and an SueorERREONYSIEr (A4ARISI JRE FRLANdqeRdcaearelBEksaIT 0 1o
10 control means, said reading means, and error detecting means;
11 whereby said system pre-calibrates the CD-ROM drive for each CD-
12 ROM disc which is inserted into the drive, wherein said system tests a
- 13- region of the disc for data-transmission acceptability at varying speeds and
14 selects a highest data transmission speed having acceptable data
15 transmission quality as an operating speed for the CD-ROM drive.
1 11. A single-zone pre-calibrating system as recited in claim 10 wherein
2 the system tests an inner-most region of said CD-ROM disc.

12. A multi-zone pre-calibrating system for optimizing data transmission

-t

speed of a CD-ROM drive, said system comprising: |

a) a control means for precisely varying rotational speed of a CD-
ROM disc disposed in the CD-ROM drive;

b) a reading means for reading data off the CD-ROM disc at any
precisely selected region of the disc; |

c) a testing means for testing a quality o'f data transmission of the
selected region of the disc; -

d) a micro-controller adapted for analyzing and controlling said

. .
o W 00 N OO O b W N

control means, said reading means, and testing means;

whereby said system divides the CD-ROM disc into a plurality of

[ Y
N -

zones and pre-calibrates the CD-ROM drive for each of the zones, wherein
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4 -5 mnutes, -and the outer zone covering a data track of greater than 5 5
m nutes. 1 7. A multi-zone, pre-calibration nethod of optim zing data

transm ssion 2 speed of a CD-ROM drive conprising: 3 a) dividing a
CO-ROM disc into a plurality of zones; 420 b) setting current zone to
first zone; 5 c) setting current speed to maxi num speed; 6 d)

spi nni ng1Bhe <y ByMeth 16st8tedchezdhe Fo?'&{até-%ﬁgmlgsmn acceptﬁblhﬂpﬁﬂucﬁluﬂwtya
data-transmi ssion-test on the current zone; f) settlng operating

speed as1iuhe gfuspestissasédsélects e h@héﬁnaawpnmr%musfadmespééuahhwmgs Erssi on
test is passed, 17 10 g) setting the operating speed as the
current 4peedadoaptalbiie datartearismissioncaqueality ashen dpertingaspeed foroa padidulars not
passed and the current speed is the 12 m ninmum speed; 13 h) setting
the currdbt spored to a |ower speed if the data-transmission 14 test is not
passed and t he current s&‘ﬁd IS not the mninum speed;

15 i
repeatinglst efd d)Thesystemias eaited inhelapet2whegeiansaid swtqre dilezeérﬂﬁened
for thecrrceélbdi&'\ﬁ 1%2 setting the operatin eed to the
maxi mum sé Q'%W‘éﬁ‘ﬂm neso AP igREr 0Re Aanshar o dZ%fP& PRI dNRYY n)
if the cu&rent speed LS Eh

zon covermg e data track of 0 to 5 minutes, and the outer zone covering
4 the data track of greater than 5 minutes.
1 14. The system as recited in claim 13 further comprising a means for
2 allowing a user of the CD-ROM drive to select a number of zones and to

'3 designate zone boundaries.
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19 maxi mum speed; 20 k) skipping to n) if the current speed is not
t he maxi num speed for 21 the current zone and the current zone is | ast

zone; 22 |) setting the current zone to next zone if the current
speed is not the 23 naxi num speed anABSERACTent zone. is not the | ast
zone; and 24 m repeating steps c) through 1) until the operating
speed for the last 25 zone is determ ned. 26 n) setting the current

zone to the |ast zqSRE2GALIBRATION! SYSTEM ANDMETHODaFOR i f the

operating speed of the cp.ROM DRIVIP'SPEED OFHMIZATION equal to the
operating speed of previous zone and 29 the current zone is the first

zone; 30 p) setting the operating speed of the previous zone to the
operating 31 speed of the current zone and terminating the calibration if
the operating 83ystam ehdomettiod forpreralibrating 3 GR4O a for egol @0- H@M
speed of the preV|ous 33 zone and the current zone is the first zone

q) setti nijs¢ Hmserbedeintoz tie drive Heor pmexinizing dhe driveise pepigrmance ydt OslBeed

of the current zone is greater than or equal to t oper at peed of .36
pr evi ous dagradation tineglatartrangmissien. i W'ﬂﬁﬂ a §D- HQI\Z d'§gr\% 'n%ﬁ{geg t‘?‘ padise is

r) repeatln steps 0) throu
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from the inner most region of the disc. If error is detected, then the speed is
lowered until no errors are encountered. The error-free speed is then chosen as
the operating speed for the disc. In another embodiment, the disc is separated into
multiple zones. The system calibrates each of the zones for its particular maximum
error-free speed, and selects the error-free speed as the operating speed for the

Zone.
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2. recited in claim7 wherein said first:- zone is an inner zone. 1 9.

The nulti-zone nethod of optim zing data transm ssion speed as 2 recited
inclaim4 or 7 wherein said data-transm ssion test in step e) 3 i ncl udes
''the following steps: 4 a) starting a tinmer and seeking to the first
zone; 5 b) skipping to step d) if no seek error is encountered; 6
~c) termnating the test and declaring a non-pass result for the data- 7

" transnmission test if a seek error is encourt/dred; 8 d) Reading a
pre-sel ected nunber of blocks of data in the zone; 9 e) detecting
for read error; 10 f) skipping to step h) if no read error is
detected; 11 g) termnating the test and decl ari ng a non-pass
result for the data- 12 transmission test if a read error is found; 13

h) | ooking for |last |oop; 14 i) skipping to step k) if the last |oop
is detected; 15 j) termnating the test and decl aring a non-pass
result for the data- 16 transmssion test if the last loop is not
detected; 17 k) conparing a tinme, t, taken to conplete step d)
against a pre- 18 selected time lLAmd_- 20 19 ) termnating the
test and ddcla—hg—an ass—estt+— or the data- 20 transmission test if
t is greater or equal o JT; and 21 /\ n) termnating the test and
declaring a pass result for thejtest if t]lis 22 less than T. 1 10. A

si ngl e-zone p?calgﬂ;ﬁ(ﬁgm@y t@mgapﬁegcpulm' zing data transm ssion
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2. speed of a CD-ROM drive, said system conprising: 219 3 a) a
control neans for precisely varying a rotational speed of a CDO 4 ROM
di sc disposed in the CD-ROM drive; 5 b) a reading nmeans for reading
' data off the CD-ROM disc at any 6 precisely selected region of the disc; 7
~c) atesting neans for testing a quali@y4of data transm ssion of the 8
- selected region of the disc; 9 d) a mcro-controller adapted for
anal yzing and controlling said 10 control [TE Sa eadi ng neans, and
error detecting neans; 11 wher eby s id%sgﬁﬁg?%-cal i brates the
- CD-ROM drive for each CD- 12 ROMdisc whigh isgjnggkled irnts, tHE drive,
wherein said systemtests a 13 region of tle d},,gﬁsf,ggd)data-t sm ssi on
~acceptability at varying 1d ds and 14 sel ata transm ssion
speed having acceptable datg/ 1l 1 SSi| T 1 operating speed
for the CD-ROMdrive 1 11 ée%;_ngl edzong Htat waiehdes Heingd Sy s{@sn as
‘recited in clai 10"“(/’\7h5fe|h U-*ht e sysfem tests—anmgrmer=most regi on of
- said CD-ROM disc.” T 1Z. mul t1 -zone prle-{calskék tatinn@gmasystlem fp{
“optimzing data transm ssiqg 2 speed of @ |ICD- Rgdnas twe, sars s Qem
- conprising: 3 a) a cpntrol nmeans for < arying rotational
+ speed of a CO 4 ROM di seAdi sposed in the CD
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5, b) a reading nmeans for reading data off the CD-ROM di sc at any 6
7 c) a testing neans for

preci sely sel ected region of the disc;
- testing a quality of data transm ssion of the 8

sel ected region of the

disc; 9 d) a mcro-controller adapteg/g§or analyzing and controlling

said 10 control neans, said readi ng neans,

whereby said system divides the CD ROV tBeseyd HhP=a P
or jnB@CRofl zohdre

eSS Or—at
plurality 14 of speeds and sel ects @ hSghdic tamen t

and pre-calibrates the CO-ROM dri ve |
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%ﬂ%g%BSSIOH speed

ssionsgepdl ity ag )g speed
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