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I. INTRODUCTION 

ata transfer rate, average access time, CPU 

the processor load on the host computer. 

-off has always been made between high data 
and low access time. However, the need for 

e optimization towards power consump- 
drawn from the power supply can be re- 

when continuous data access is performed. 

n are with the Optical Storage 
Bldg. SFJ-1, P.O. BOX 80002, 

able to automatically distinguish between continuous play- 
back and continuous access so that the drive performance 
can be optimized separately for high data transfer rate, low 
access time and low power consumption, respectively. 

11. CLV, CAV AND QUASI-CLV MOTOR CONTROL 

As the data on a CD-ROM disc is uniformly distributed 
along a continuous spiral, the constant linear velocity 
(CLV) control remains the only way to drive the spindle 
motor such that a maximum average data transfer rate 
can be achieved. However, it has been shown [l] that pure 
CLV becomes obsolete when the pickup head moves very 
fast from one location to another along the disc radius. Al- 
ternatively, there are two solutions: either (i) implement- 
ing a full constant angular velocity (CAV) motor control or 
(ii) controlling the spindle motor within a quasi-CLV loop, 
as reported in the mentioned paper. 

When compared with CAV control, the quasi-CLV so- 
lution does not worsen the averaged data transfer rate of 
the system whilst still preserving the access performance of 
the CAV mode. Moreover, the quasi-CLV can serve as ba- 
sic control loop for an adaptive-speed CD-ROM drive [l]. 
Such a drive features a real-time adjustment of the disc ro- 
tational frequency dependent on the read-out position1 of 
the optical pickup unit. By adequately choosing the speed 
profile between the inner and outer disc radii, an optimal 
trade-off between data throughput and access time can be 
achieved. 

111. THE ADAPTIVE-SPEED/CAV TRADE-OFF 

The quasi-CLV control will always brake or accelerate 
the spindle motor while seeking outwards, respectively dur- 
ing inward-oriented seeks2. This behavior is nothing but a 
consequence of using the real disc speed to drive the motor 
and compare it with a fixed reference. 

An adaptive-speed CD-ROM system will further adjust 
this reference as dependent on the subcode timing. How- 

'This position is indicated by the subcode information which is 
recorded along with the user data and defines the time-position of a 
data  cluster along the disc spiral, at 1X speed. The finest division of 
the subcode timing indicates 1/75 seconds and the cluster amounts 
for 2352 user bytes. 

21n general, for a disc-based storage system, the servo is said to 
perform a seek when the radial control is directed to place the read 
head on a track different from the present one [2]. 
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ever, during continuous data access, the motor speed nei- 
ther arrives a t  a steady-state nor reaches its target quasi- 
CLV velocity. Since the motor driver is driven in satura- 
tion, additional power dissipation will take place. 

At high and very high disc speeds, e.g. 20X, 24X, or 
30X, the heat generated in the spindle-motor loop (namely 
in the motor driver and motor itself) reaches excessive val- 
ues. The power dissipation becomes therefore an impor- 
tant design parameter. As a matter of fact, we are not 
interested in maximizing the data transfer rate during con- 
tinuous data access. It follows that a less aggressive motor 
control should be employed during this operating mode and 
the best cnoice is still the CAV. 

Based upon the above discussions, the essence of CD- 
ROM performance optimization presented within this pa- 
per consists of l) adaptive-speed profile based on quasi- 
CLV control during continuous playback and 2 )  CAV mode 
during continuous seek. The adaptive-speed profile should 
be optimized such that a maximum of the average bit rate 
is obtained while reading out data from the inside to the 
outside of the disc. An example of such optimization which 
leads to a cubic overspeed3 profile is presented in [3]. Fur- 
ther, the adaptive-speed profile can also be refined for a 
short sequence of data seeks when the CAV control does 
not need being switched on. 

IV. CIRCUIT FUNCTIONAL PRINCIPLE 

The equipment used in this study is a 20X CD-ROM 
drive made by Acer Peripherals, Inc., which is based on 
Philips key components. The block diagram of.the spindle 
motor control loop is illustrated in Fig. 1. For a long se- 

Motor 

Reference- 
voltage 
control 

1 10 

T vR2 
L-L 

&otive-sDeec mode 
-adjust the set-point as dependent on the subcode timing 
- set the loop gain as dependent on the bandmdth requirements 
- set the reference-voltage control signal lo 1 

!zh!Dm& 
- set the loop gain to zero 
- se1 the reference-voltage control signal to 0 

Fig 1 Block diagram and functionality of a combined adaptive- 
speed (quasi-CLV)/CAV controller 

jThe  overspeed N is defined as the ratio between the linear velocity 
of the disc measured a t  the read-out radial position and the Iine'ir 
velocitv za = 1 3 f 0 1 m/s  of the recorded data 

quence of seeks when the CL4V c 1 loop is desired, the 
motor will be driven by a tacho itry or merely by an 
open-loop voltage. Due to hea petition within the 
CD-ROM industry, the open-loop control i s  a preferred so- 
lution as long as the margin for overspeed tolerance can b,e 
maintained. I 

of the drive, a suitable algorithm should be provided. Th\s 1 

ing on the CAV mode if necessary. Nevertheless, a certain I 
convention should also be agreed upon such that a c ley  I 

j M FOR SWITCHING BETWEE 
SPEED AND CAV 

I 
In order to detect the continuous-seek operating mode 

algorithm will interfere with the motor control loop, switcki- 

separation can be made tween different repetitive seek- 
playback patterns. Any her operating modes which do 
not fulfill the requirements for continuous seek (e.g. shodt 
seeks or continuous playback) are flagged accordingly and 
the adaptive+peed motor control is kept active. 

lated both to  the s 

been performed within a gi 
'"will be reset and the CAV 
addition, depending on 
has been issued by the h 
ther the CAV mode or the adaptive- 
This decision depends upon not only the size of the avail- 
able empty buffer (which can stil 
a t  that particular moment) but 
to  be transferred towards the h 
ensures an optimized 
by monitoring the d ing from the bit engine. 
The disc speed can t 
with a given strategy for the buffer management. This 
algorithm is implemented ta-path firmware level 
and its corresponding flow lustrated in Fig. 2 and 
Fig. 3. 

VI. EXPERIMENTAL RESULTS 

by monitoring the heat 
the power consumption 
that the power dissipati 

r driver. Tab1 

Spindle motor 
temperature 

Table 1 Efficiency of the adapt 
continuous seeks a t  the ambient temperature of 23 O C :  
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(-1 
COUNTER OF 

LONG-RANGE SEEKS 

ADAPTNE-SPEEDICAV 
SWITCHING MONITOR 

MANAGER OF 
READ COWAND 

COUNTER OF I LONG-RANGESEEKS I 

lump-counts = 
jump-counh + 1 

ADAPTNE-SPEE DlCAV I SWITCHING MOhlTOR 1 

j flF1 CAV wntrol adaptbespeed 

timer = 0 
jump-counk = 0 

Fig. 2. Flowchart (1/2) of the switching algorithm implemented at  the data-path level. 

MANAGER OF 
READ COMMAND 

Host read request 7 

use quad-cLv 
(adaptbeweed) 

forseek 
technology 

for seek 

Disable CAV mode 
and enable 

adaptive-speed 
I I 

Yes 

Keep 
adaptive-weed mode 

I 

F, CAV mode 

YTBrute bunor management 
and transfer data to host 

Fig. 3. Flowchart (2/2) of the switching algorithm implemented a t  the data-path level. 
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VII. DISCUSSION 

For the CD-ROM system reported in this paper, the 
adaptive-speed profile is bordered by the overspeeds N,, = 
1OX at  the inner disc radius and Nout = 20X at the outer 
disc radius, respectively. The profile is optimized [3] such 
that the maximum overspeed N,,, > iYout which can be 
handled by the system is never exceeded at the end of a 
random outward-oriented third-stroke seek. The braking 
possibilities of the spindle motor are also taken into ac- 
count. 

On the other hand, the overspeeds N,,, which occur 
during continuous-seek are simply radius-dependent and 
are situated along a pure CAV profile. They satisfy the 
relation 

--I\ I 

”Ja 

where the disc radius R varies between R,, and Rout corre- 
sponding to the start and respectively end of the program 
area and frat is the disc rotational frequency. Obviously, 
when frot is properly chosen with respect to all tolerances 
in the system, the maximum allowed overspeed Nma, will 
never be exceeded during whatever length of a seek. 

VIII. CONCLUSION 

An algorithm to distinguish the continuous-seek mode 
from other operating modes is proposed so that a CAV 
control of the spindle-motor loop can be activated while 
performing continuous seeks. The data transfer rate of the 
CD-ROM system during continuous seek is of less impor- 
tance but the substantial decrease in power consumption 
within the motor loop represents an important achieve- 
ment. 
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