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This paper gives an excellent quasi-survey of area of
control for storage systems and how advanced control
techniques can be applied. It is worth elaborating on a
few of the points made in the paper from the perspective
of this author’s own limited experience.

The first point is that a complete design using the
only modern analysis and design techniques is a rare
case in the storage industry. This is partly because of
the difficulty (mentioned in the paper) of posing the
industrial problem into the modern frameworks. How-
ever, a compounding factor is that of time constraints
on design time. Any design method which requires the
controls engineer to use different techniques in every as-
pect of the drive design is bound to take far more time
to implement than making marginal improvements on
a current design method.1 Thus, controls engineers –
sensing that their performance evaluations are on the
line – are very cautious about deviating from practices
that have worked before.

It has been this author’s experience that the re-
searcher stands a much better chance of having a new
idea implemented into a storage system if it can be
dropped as a piece into an existing design methodol-
ogy. A perfect example of this is in the area of adaptive
feedforward cancellation schemes [5, 11] which were in-
troduced as add on schemes [12, 7] for eliminating repet-
itive disturbances from rotating machinery (such as a
disk drive). Because an adaptive feedforward controller
could be added in to an existing design method, it was
relatively easy for such a scheme to be adopted into stor-
age systems. Today, adaptive feedforward cancellation
of the repetitive runout is a fairly standard feature of
disk drive designs. The success of creating a drop in

1The rule of thumb is that for each drive design, the engineer
gets to make at most one major change. If a new method requires
many changes in order to get any results, it is unlikely to be tried.

addition to current control designs has motivated this
author’s research to follow those lines (see [1]).

Another major issue was stated quite eloquently by
Dr. Babatunde Ogunnaike, during his plenary talk at
the 1998 American Controls Conference in Philadelphia,
PA. Dr. Ogunnaike was speaking about the chemical
process control industry, but much of his talk could
apply to any industrial control setting. He said that
building effective control systems in the chemical pro-
cess industry was 90% process understanding and 10%
control design. These ratios are certainly true in the
data storage industry. While modern control methods
put much effort into the creation of nice algorithms for
control design, industrial control problems are domi-
nated by an understanding of the particular physical
problem. Achieving a good understanding of the par-
ticular control problem is justifiably where most the ef-
fort is spent. Thus, a new design methodology which
requires substantially more time to understand and im-
plement stands little chance of being used when time
is tight. Furthermore, the improvements that can be
made by fundamentally understanding the problem and
then applying simple solutions typically swamp out the
improvements achieved by an improved control design.

An example from this author’s work [4, 6, 2, 3] and
that McAllister [10, 9, 8] is the generation of air flow
by the spinning magnetic media. As the disks spin in
a disk drive, they carry along air. This in turn gener-
ates the air bearing that the magnetic heads ride upon.
The air flow also generates a process disturbance as it
impacts upon the magnetic read/write head and the ac-
tuator arm. This effect gets worse as the spindle speed
increases and, in fact, the air flow can become turbulent.
This is analogous to an airplane design problem. A de-
sign that is appropriate for an airplane with a top speed
of 300 km/hour would fail dramatically for an airplane
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with a top speed of Mach 2. Likewise, drive designs
that were acceptable for lower spindle speeds run into
problems for the higher speed spindles.2

The method of improved control design would iden-
tify the characteristics of the process disturbance and at-
tempt to design a controller which rejected disturbances
in this frequency range. However, by understanding the
physical problem it becomes apparent that an aerody-
namic redesign of the interior of the disk drive and of
the actuator arm achieves such a large reduction in the
turbulent air flow that the conventional control designs
can be used. Thus, this is where the effort is spent. Re-
turning to the aircraft design example, there is precious
little that one can do with the autopilot on a Boing 747
to make the plane travel safely at Mach 2.

It is a rather humbling experience but an important
lesson to learn. Unfortunately, it is not the only one. As
mentioned in the paper, there are severe limitations on
the number of calculations that can be done by a control
algorithm between sample points. First of all, the sam-
ple rate for most hard disk drives is between 4 and 12
kHz. For optical disk drives the sample rates can range
between 20 and 50 kHz. At such high speeds, and given
the cost constraints of storage systems, the DSPs that
one can afford to put into a disk drive have only a few
hundred clock cycles between sample points. One might
believe that this still leaves enough operations to calcu-
late some fairly sophisticated control algorithms, but a
further restriction is present in that the DSP spends
most of its time doing something other than the control
law calculation. A number quoted to this author from
an engineer at Hewlett-Packard’s former Disk Memory
Division was that the DSP spends 95% of its time doing
something other than the control law calculation. Such
non-glamorous tasks as calibration, normalization of in-
puts, presaturation of outputs, etc. consume most of the
code space and clock cycles. For a new, sophisticated al-
gorithm to be used in a disk drive requires that it either:
be compact enough to replace the simple control law or
provide such a large improvement in performance to jus-
tify a more expensive DSP. When stated this way, the
problem of using modern control design methodologies
becomes more than a technical issue.

Another issue in the use of modern tools is that of
modelling. Most design tools require explicit models of
the system – often in state space form, while most drive
models are based on instrument measurements of time
and frequency responses. The issue then becomes one of
transferring the instrument measurement into the mod-
elling package in a form that is usable by the modern
tools. This translation is not trivial and requires a dif-
ferent set of low level programming functions for each

2The increase in spindle speed is driven by customer desires for
faster access times to support such new applications as streaming
video from a disk drive. Thus, there is no avoiding the issue.

new instrument. This again requires extra effort, espe-
cially when compared to using a classical control design
directly from a Bode plot measured off of a drive.

One final issue not mentioned in the paper was the
role that lack of communication plays in limiting the
use of modern control methodologies. As mentioned
earlier, a tremendous performance improvement can be
achieved by understanding the underlying system and
how it affects the control system. The converse is also
true. Understanding of control systems can point to the
key areas where the system design must be improved.
Thus, the actual control design problem should be an
iterative process involving not only the control engi-
neers, but the mechanical engineers, the material scien-
tists, and the device physicists as well. In other words,
good industrial control design cannot be separated from
good system design and good system design requires a
lot of interaction between a lot of different disciplines.
When this interaction happens, performance improve-
ments happen largely because a problem which may be
hard to fix in one domain is easily eliminated in another
domain. Once again this is the issue of process under-
standing dominating the control design. Unfortunately,
the reality of the many industrial situations is that this
cross disciplinary communication is far too rare. Thus,
engineers in one area finish their part of the problem
and “throw it over the wall” to the next team. This
leaves precious little time for a new control scheme.

All this is not to say that there is no place for modern
control techniques in storage system control problems.
Over time, many modern control techniques are slowly
creeping into the designs. However, they come in one
piece at a time and only when conventional methods
are deemed inadequate because that is the only way to
justify the effort to a budget and time conscious man-
ager. This author and many others in the field would
laud anyone who could show us how to easily “drop in”
modern control design into all of our control systems for
storage devices.
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