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Description

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims priority to U.S.
Provisional Patent Application Serial No. 60/553,580 (At-
torney Docket No. 018158-025300US), filed March 15,
2004.

BACKGROUND OF THE INVENTION

[0002] The present invention relates generally to laser
eye surgery systems. More specifically, the present in-
vention relates to methods and systems for stabilizing an
amount of laser energy delivered to a target.
[0003] Known laser eye procedures generally employ
an ultraviolet or infrared laser to remove a microscopic
layer of stromal tissue from the cornea of the eye to alter
the refractive characteristics of the eye. The laser re-
moves a selected shape of the corneal tissue, often to
correct refractive errors of the eye. Ultraviolet laser ab-
lation results in photo-decomposition of the corneal tis-
sue, but generally does not cause significant thermal
damage to adjacent and underlying tissues of the eye.
The irradiated molecules are broken into smaller volatile
fragments photochemically, directly breaking the inter-
molecular bonds.
[0004] Laser ablation procedures can remove the tar-
geted stroma of the cornea to change the cornea’s con-
tour for varying purposes, such as for correcting myopia,
hyperopia, astigmatism, and the like. Control over the
distribution of ablation energy across the cornea may be
provided by a variety of systems and methods, including
the use of ablatable masks, fixed and moveable aper-
tures, controlled scanning systems, eye movement track-
ing mechanisms, and the like. In known systems, the
laser beam often comprises a series of discrete pulses
of laser light energy, with the total shape and amount of
tissue removed being determined by the shape, size, lo-
cation, and/or number of a pattern of laser energy pulses
impinging on the cornea. A variety of algorithms may be
used to calculate the pattern of laser pulses used to re-
shape the cornea so as to correct a refractive error of the
eye. Known systems make use of a variety of forms of
lasers and/or laser energy to effect the correction, includ-
ing infrared lasers, ultraviolet lasers, femtosecond lasers,
frequency multiplied solid-state lasers, and the like.
Known corneal correction treatment methods have gen-
erally been successful in correcting standard vision er-
rors, such as myopia, hyperopia, astigmatism, and the
like. By customizing an ablation pattern based on wave-
front measurements, it may be possible to correct minor
aberrations to reliably and repeatedly provide visual acu-
ity greater than 20/20.
[0005] When laser energy is delivered from a laser en-
ergy generating device to a target, as in a laser eye sur-
gery procedure, the energy (typically in the form of a laser
beam) passes along a delivery path. The laser beam typ-

ically follows a path that proceeds through a series of
lenses, mirrors and/or other optical elements to focus
and/or direct the beam before it arrives at a patient’s eye.
As laser energy passes along such a delivery path, it
typically causes one or more substances to accumulate.
The most prevalent and significant substance that accu-
mulates along a UV laser beam delivery path due to pas-
sage of the laser beam is ozone. The laser beam creates
ozone when it passes through oxygen along the delivery
path. Subsequent pulses of the laser beam are then im-
peded by the presence of ozone along the path, resulting
in a reduced amount of energy arriving at the patient’s
eye with each subsequent pulse. The same reduction
occurs over time with a constant wave laser. As ozone
continues to accumulate, the laser energy arriving at the
eye continues to decrease.
[0006] One objective in laser eye surgery is to deliver
approximately the same amount of laser energy to the
eye with each pulse of the laser, or if constant wave laser
energy is used, to deliver a constant amount of energy
to the eye over time. Currently available systems and
techniques, however, do not account for accumulation
of substances such as ozone along the laser beam de-
livery path, and thus do not provide a constant or stabi-
lized amount of delivered laser energy to the eye. Stabi-
lized delivered laser energy would enhance laser eye
surgery by providing a desired amount of energy to an
eye over multiple laser pulses and over time to allow for
a more precise and accurate laser eye surgery proce-
dure.
[0007] Therefore, it would be desirable to provide
methods and systems for stabilizing an amount of laser
energy delivered to an eye during a laser eye surgery
procedure. Ideally, such methods and systems compen-
sate for impedance of a laser beam caused by accumu-
lation of substances, such as ozone, along the laser
beam delivery path. Also ideally, such methods and sys-
tems could be used to calibrate a laser generating device
before performing any laser eye surgery procedures and
would not require frequent recalibrations. At least some
of these objectives will be met by the present invention.
WO 95/27535 describes a beam profiler comprising: an
intensity modifier constructed and arranged to separately
modify the intensity profile of different sub-beam portions
of an initial beam to create respective sub-beams each
having a respective predetermined modification; and an
optical system to direct the multiple sub-beams along
respective sub-beam paths that substantially overlap in
an overlap plane. A feedback device such as an energy/
power meter sends signals to a controller via a feedback
path to effect precise control of the laser beam during a
photoablation procedure. The feedback device includes
an energy/parameter that measures the radiant energy
delivered to the corneal surface.
WO 03/090867 describes a method and system for laser
calibration and eye tracker camera alignment which has
a calibration and alignment fixture for carrying a feature
to direct laser energy to a calibration sensor.
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BRIEF SUMMARY OF THE INVENTION

[0008] In one aspect, the present invention provides a
system as set out in Claim 1. In another aspect, the
present invention providing a method as set out in Claim
9.
[0009] Methods and systems are described for en-
hancing delivery of laser energy to a target by helping to
stabilize the amount of delivered energy. Delivered en-
ergy is stabilized by compensating for one or more ac-
cumulated substances, typically ozone, that form when
a laser beam travels along its path from a laser generating
device to a target. Once a reduction in delivered energy
due to accumulated ozone and/or other substances is
measured, an adjustment to a laser generating device
may be calculated to compensate for the reduction in
delivered energy. Although the methods and systems are
typically described for use in laser eye surgery, various
embodiments may be used for stabilizing delivered laser
energy for any other purpose, with any other laser device
or the like. Thus, the present invention is not limited to
use in laser eye surgery procedures or any other specific
field.
[0010] In the following description, the terms "delivered
energy" or "delivered laser energy" are often used. By
delivered energy it is meant the energy that is delivered
to a target, such as a patient’s eye. In other words, de-
livered energy is the energy that actually arrives at the
target. An amount of delivered energy may or may not
be different than an amount of "provided laser energy,"
"dispatched laser energy," "sent laser energy," "energy
directed from a laser device" or the like. By provided laser
energy it is meant the energy that leaves a laser device
or laser energy generating device. As is described above,
an amount of energy that is provided by a laser energy
generating device is often decreased as it travels along
a laser beam delivery path, thus resulting in a decreased
amount of delivered energy that arrives at the target.
Such is the case, for example, when multiple laser beam
pulses are directed along the delivery path. Earlier pulses
cause oxygen to be converted to ozone, and the ozone
impedes subsequent laser pulses from traveling along
the path, thus reducing the amount of laser energy arriv-
ing at the target in subsequent pulses. In other words, if
the subsequent pulses have the same amount of energy
as they leave the laser energy generating device, they
do not have the same amount of energy when they arrive
at the target, due to interference from ozone and/or other
substances accumulated along the delivery path. At any
rate, none of the terminology defined above or used in
the following descriptions should be interpreted to limit
the scope of the invention. Any suitable terms may be
used to describe an amount of laser energy leaving a
device and an amount of energy arriving at (or "delivered
to") a target.
[0011] In some embodiments, measuring the amount
of delivered laser energy comprises measuring with a
laser energy meter positioned at or near the target. For

example, the laser energy meter may be positioned on
an opposite side of a partially transparent lens or mirror
from the target. In some described examples the laser
energy comprises multiple pulses of laser energy, while
in other described examples the energy is constant wave
(CW) laser energy.
[0012] As discussed above, calculating the decrease
in the amount of delivered energy involves calculating a
decrease caused by passage of the laser energy along
a delivery path, which causes an accumulation of at least
one substance along the delivery path, the substance
impeding subsequent passage of the laser energy. For
example, the substance that accumulates may comprise
ozone, since passage of the laser energy along the de-
livery path typically causes an amount of oxygen (O2) to
be converted to ozone (O3). Alternatively or additionally,
the method may calculate a decrease in delivered energy
based on accumulation of any other substance(s) along
the laser energy delivery path. As described calculating
the decrease in the amount of delivered energy compris-
es calculating a decrease in delivered energy of a pulse
of laser energy compared to an immediately previously
fired pulse of laser energy. As described calculating the
decrease may involve calculating an amount of decrease
caused by accumulation of one or more substances in
the delivery path of the laser energy and reducing the
amount of the decrease caused by the accumulation by
a factor of time between pulses of the laser energy, which
time allows for dissipation of the substance(s).
[0013] Adjusting the laser generating device, in some
embodiments, comprises increasing an amount of laser
energy provided from the laser generating device over
time to compensate for accumulation of at least one sub-
stance along a delivery path of the laser energy caused
by passage of the laser energy along the path. Again,
the substance may be ozone and/or any other substance.
In some embodiments, adjusting the laser generating de-
vice also involves reducing any increases in the amount
of provided laser energy to compensate for time between
pulses of laser energy, which time allows for dissipation
of the substance(s).
[0014] Typically, though not necessarily, the measur-
ing, calculating and adjusting steps of the method are
performed during a calibration procedure for the laser
generating device. A laser may thus be calibrated before
performing a laser eye surgery procedure, and the laser
may then be used for multiple procedures without recal-
ibration. In some embodiments, the method also includes
directing laser energy, either pulsed or constant wave,
from the laser generating device toward the target. Some
embodiments may also include performing a laser eye
surgery procedure with the laser generating device after
the calibration procedure.
[0015] In a described example, a method for perform-
ing a laser eye surgery procedure comprises calibrating
a laser generating device and performing the laser eye
surgery procedure using the calibrated laser generating
device. Calibrating the laser generating device compris-
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es: measuring the amount of delivered laser energy ar-
riving at or near a target from the laser generating device
over a period of time; calculating a decrease in the
amount of delivered energy over time; and adjusting the
laser generating device to compensate for the decrease
so that the delivered laser energy arriving at the target
remains approximately constant over time.
[0016] In a described example, a method for perform-
ing a laser eye surgery procedure includes directing an
amount of laser energy from a laser generating device
toward an eye and adjusting the amount of directed laser
energy to compensate for accumulation of one or more
substances along a delivery path of the laser energy to
stabilize the amount of delivered laser energy that arrives
at the eye. As mentioned, typically the amount of directed
laser energy is adjusted to compensate for accumulation
of ozone along the delivery path, although it may alter-
natively or additionally be adjusted to compensate for
accumulation of any other substance(s). In some embod-
iments, the amount of directed laser energy is increased
over time to compensate for accumulation of ozone along
the delivery path and is decreased over time to compen-
sate for time between pulses of the laser energy, which
time allows the ozone to dissipate.
[0017] As described the laser energy generating de-
vice may provide either pulsed laser energy, constant
wave laser energy, or both. In some embodiments, as
mentioned above, the processor is calibrated before per-
forming the laser eye surgery procedure. Also in some
embodiments, the processor increases an amount of la-
ser energy provided by the laser energy device to com-
pensate for the accumulation of the substance(s) and
decreases the provided laser energy to compensate for
time between pulses of the laser energy, which time al-
lows for dissipation of the substance(s). Again, the sys-
tem typically compensates for accumulation of ozone
along the delivery path.
[0018] A system is also described for performing a la-
ser eye surgery procedure includes a laser energy gen-
erating device and a processor coupled with the laser
energy generating device for calculating an adjustment
to the laser energy generating device to compensate for
accumulation of one or more substances along a laser
energy delivery path and for adjusting the laser energy
generating device to stabilize an amount of delivered la-
ser energy that arrives at a target of the laser eye surgery
procedure. The processor is calibrated before performing
the laser eye surgery procedure.
[0019] These and other aspects and embodiments of
the invention are described in detail below, in reference
to the attached drawing figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] FIG. 1 is a perspective view of a laser ablation
system for incorporating the present invention.
[0021] FIG. 2 schematically illustrates a laser beam
delivery system for selectively directing a laser beam on-

to a corneal tissue according to an embodiment of the
present invention.
[0022] FIG. 3 is a functional block diagram illustrating
a control architecture of an ablation system as in FIG. 1
according to an embodiment of the present invention.
[0023] FIG. 4 is a flow chart describing a method for
calibrating a laser device according to one embodiment
of the present invention.
[0024] FIG. 5 is a flow chart describing another method
for calibrating a laser device according to an embodiment
of the present invention.
[0025] FIG. 6 is a flow chart describing a method for
adjusting a laser device to stabilize delivered energy ac-
cording to one embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0026] The present invention is particularly useful for
enhancing the accuracy and efficacy of laser eye surgical
procedures, such as photorefractive keratectomy (PRK),
phototherapeutic keratectomy (PTK), laser assisted in
situ keratomileusis (LASIK), laser epithelial keratomileu-
sis (LASEK) and the like. Preferably, the present inven-
tion can provide enhanced optical accuracy of refractive
procedures by improving a corneal ablation of a refractive
treatment program. While systems and methods of the
present invention are described primarily in a context of
a laser eye surgery system, techniques of the present
invention may also be adapted for use in alternative eye
treatment procedures and systems such as ablatable in-
traocular lenses, contact lenses, and the like. Addition-
ally, systems and methods of the invention may be used
in contexts outside of laser eye surgery for enhancing
any laser device used for any purpose.
[0027] The techniques of the present invention can be
readily adapted for use with existing laser systems. By
helping stabilize an amount of laser energy delivered to
a patient’s eye, the present invention may facilitate
sculpting of the cornea so that treated eyes regularly ex-
ceed a normal 20/20 threshold of desired vision.
[0028] Referring now to FIG. 1, a laser eye surgery
system 10 for incorporating the present invention in-
cludes a laser 12 that produces a laser beam 14. Laser
delivery optics 16 are in a path of laser beam 14. Delivery
optics 16 direct laser beam 14 to an eye of a patient P.
A delivery optics support structure (not shown here for
clarity) extends from a frame 18 supporting laser 12. An
input device 20 is used to align laser system 10 in relation
to an eye of a patient P. A microscope 21 is mounted on
the delivery optics support structure, the microscope of-
ten being used to image a cornea of an eye. In various
embodiments, a laser eye surgery system 10 includes at
least some portions of a Star S4 Active Trak® Excimer
Laser System available from VISX, INCORPORATED of
Santa Clara, CA.
[0029] While an input device 20 is here schematically
illustrated as a joystick, a variety of input components
may be used. Suitable input components may include
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trackballs, touch screens, or a wide variety of alternative
pointing devices. Still further alternative input compo-
nents include keypads, data transmission mechanisms
such as an Ethernet, intranet, Internet, a modem, or the
like.
[0030] A laser 12 generally comprises an excimer laser
and ideally comprises an argon-fluoride laser producing
pulses of laser light having a wavelength of approximate-
ly 193 nm. A pulse of laser light typically has a fixed pulse
duration having a full width half maximum (FWHM) of
about 15 nanoseconds during a treatment. Laser 12 is
preferably designed to provide a feedback stabilized flu-
ence at the patient’s eye, delivered via delivery optics
16. The present invention may also be useful with alter-
native sources of electromagnetic radiation, particularly
those adapted to controllably ablate a corneal tissue with-
out causing significant damage to adjacent and/or un-
derlying tissues of the eye. The laser system may include,
but is not limited to, excimer lasers such as argon-fluoride
excimer lasers (producing laser energy with a wave-
length of about 193 nm), solid state lasers, including fre-
quency multiplied solid state lasers such as flash-lamp
and diode pumped solid state lasers. Exemplary solid
state lasers include UV solid state lasers (approximately
193-215 nm) such as those described in U.S. Patent Nos.
5,144,630 and 5,742,626. Laser energy may comprise a
beam formed as a series of discreet laser pulses. A va-
riety of alternative lasers might also be used. Hence, al-
though an excimer laser is the illustrative source of an
ablating beam, other lasers may be used in the present
invention.
[0031] Laser 12 and delivery optics 16 will generally
direct laser beam 14 to an eye of patient P under direction
of a processor 22. Processor 22 will often selectively ad-
just laser beam 14 to expose portions of the cornea to
pulses of laser energy so as to effect a predetermined
sculpting of a cornea and alter refractive characteristics
of an eye. In many embodiments, both laser 14 and a
laser delivery optical system 16 will be under computer
control of processor 22 to effect a desired laser sculpting
process, with processor 22 effecting (and optionally mod-
ifying) a pattern of laser pulses. A pattern of pulses may
by summarized in a treatment table listing of machine
readable data of a tangible media 29. A treatment table
may be adjusted according to feedback input into proc-
essor 22 from an automated image analysis system
(manually input into processor 22 by a system operator)
in response to feedback data provided from an ablation
monitoring system feedback system. Such feedback
might be provided by integrating a wavefront measure-
ment system described below with a laser treatment sys-
tem 10, and processor 22 may continue and/or terminate
a sculpting treatment in response to feedback, and may
optionally also modify a planned sculpting based at least
in part on feedback.
[0032] Laser beam 14 may be adjusted to produce a
desired sculpting using a variety of alternative mecha-
nisms. A laser beam 14 may be selectively limited using

one or more variable apertures. An exemplary variable
aperture system having a variable iris and a variable
width slit is described in U.S. Patent No. 5,713,892, the
full disclosure of which is incorporated herein by refer-
ence. A laser beam may also be tailored by varying a
size and offset of a laser spot from an axis of an eye, as
described in U.S. Patent No. 5,683,379, and as also de-
scribed in co-pending U.S. Patent Application Nos.
08/968,380, filed November 12, 1997; and 09/274,999
filed March 22, 1999.
[0033] Still further alternatives are possible, including
scanning a laser beam over a surface of an eye and con-
trolling a number of pulses and/or dwell time at each lo-
cation, as described, for example, by U.S. Patent No.
4,665,913 and laser systems by Alcon, Bausch & Lomb,
Wavelight and the like; using masks in an optical path of
laser beam 14 which ablate to vary a profile of a beam
incident on a cornea, as described in U.S. Patent Appli-
cation No. 08/468,898, filed June 6, 1995; hybrid profile-
scanning systems in which a variable size beam (typically
controlled by a variable width slit and/or variable diameter
iris diaphragm) is scanned across the cornea as de-
scribed in U.S. Patent Nos. 6,319,247; 6,280,435; and
6,203,539, or the like. The computer programs and con-
trol methodology for these laser pattern tailoring tech-
niques are well described in the patent literature.
[0034] Additional components and subsystems may
be included with laser system 10, as should be under-
stood by those of skill in the art. For example, spatial
and/or temporal integrators may be included to control
the distribution of energy within the laser beam, as de-
scribed in U.S. Patent Nos. 5,646,791 and 5,912,779.
An ablation effluent evacuator/filter, and other ancillary
components of the laser surgery system which are not
necessary to an understanding of the invention, which
may be optionally employed, need not be described in
detail for an understanding of the present invention.
[0035] Processor 22 may comprise (or interface with)
a conventional PC system including standard user inter-
face devices such as a keyboard, a display monitor, and
the like. Processor 22 will typically include an input device
such as a magnetic or optical disk drive, an internet con-
nection, or the like. Such input devices will often be used
to download a computer executable code from a tangible
storage media 29 embodying any methods of the present
invention. Tangible storage media 29 may comprise a
floppy disk, an optical disk, a data tape, a volatile or non-
volatile memory, or the like, and a processor 22 will in-
clude memory boards and other standard components
of modern computer systems for storing and executing
a computer program code. Tangible storage media 29
may optionally embody wavefront sensor data, wavefront
gradients, a wavefront elevation map, a treatment map,
a corneal topography map, a measurement of a refraction
of an eye, an ablation table, and/or instructions to adjust
the amount of energy.
[0036] Referring now to FIG. 2, a laser beam delivery
system 16 for directing a laser beam 14 at an eye E will
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often include a number of mirrors 30, as well as one or
more temporal integrators 32 which may adjust (or oth-
erwise tailor) an energy distribution across a laser beam.
Laser 12 will often comprise an excimer laser as de-
scribed above.
[0037] In an exemplary embodiment, a variable aper-
ture 34 changes a diameter and/or slit width to profile
laser beam 14, ideally including both a variable diameter
iris and a variable width slit. A prism 36 separates laser
beam 14 into a plurality of beamlets, which may partially
overlap on eye 2 to smooth edges of an ablation or "cra-
ter" formed from each pulse of a laser beam. An offset
module 38 includes motors which vary an angular offset
of an offset lens, and which also change a radial orien-
tation of an offset Hence, offset module 38 can selectively
direct laser beam 14 at a desired lateral region of a cor-
nea. A structure and method for using a laser beam de-
livery system 16 and an offset module 38 are more fully
described in U.S. Patent Nos. 6,331,177; 6,203,539;
5,912,775; and 5,646,791.
[0038] In some embodiments, laser beam delivery sys-
tem 16 includes a delivered energy measurement device
33 for measuring the amount of laser beam energy de-
livered to the eye E. For example, mirror 30 may be a
semi-translucent mirror, lens or the like, to allow some
amount of laser beam 14 to pass through. In many cases,
measurement device 33 is used before laser beam 14 is
ever applied to an eye E. For example, a sequence of
test pulses of laser beam is often fired at a target posi-
tioned in the same location that the eye E will be posi-
tioned during a laser eye surgery procedure. When the
sequence of test pulses is fired, measurement device 33
measures the amount of energy delivered to the patient
with each pulse during the sequence. These measure-
ments may then be used to calculate a decrease in de-
livered energy of laser pulses caused by accumulation
of one or more substances, such as ozone, along the
delivery path of laser beam 14. Measurement device 33
may also be used to measure delivered laser energy of
a constant wave laser beam, which measurements may
be used to calculate a decrease in energy of the beam
over time. In some embodiments, measurements of de-
livered energy are taken, calculations are made, and la-
ser 12 is adjusted or calibrated before a laser eye surgery
is performed so as to provide stabilized delivered laser
energy to eyes during laser eye surgery procedures.
[0039] The "delivery path" of laser beam 14 is depicted
in FIG. 2 by the line labeled as laser beam 14. Delivery
path is referred to generally in this application as any
path along which a laser beam may travel from a laser
beam generating device to a target. Thus, the present
invention is not limited to any particular form of delivery
path. Systems and methods of the invention may be used
to stabilize delivered laser energy traveling along any
suitable delivery path.
[0040] Referring now to FIG. 3, a control system of a
laser system 10 is schematically illustrated according to
principles of the present invention. A processor 22 ena-

bles precise control of laser system 10 to sculpt a surface
shape according to a laser treatment table 52. A proces-
sor 22, which generally comprises a PC workstation,
makes use of a computer program stored on a tangible
media 29 to generate treatment table 52, as described
in U.S. Patent No. 6,673,062. Processor 22 includes a
library 44 of treatments as described in U.S. Patent Nos.
6,673,062 and 6,245,059. An embedded computer 58
within laser system 10 is in electronic communication with
the PC workstation. Alternatively, a PC workstation may
be embedded in laser system 10 and include an embed-
ded processor card in communication with a PC work-
station for directing an ophthalmic surgery.
[0041] Embedded computer 58 is in electronic com-
munication with a plurality of sensors 56 and a plurality
of motor drivers 60. Motor drivers 60 are coupled to an
embedded computer 58 to vary a position and configu-
ration of many of optical components of delivery optics
16 according to treatment table 52. For example, first and
second scanning axes 62, 64 control a position of an
offset lens to move several laser beamlets over a surface
of a cornea. Iris motor 66 controls an overall diameter of
a beam, and in some cases, a length of light transmitted
through a variable width slit. Similarly a slit width driver
68 controls a width of a variable slit. Slit angle driver 70
controls rotation of a slit about its axis. Beam angle driver
72 controls beam rotation as effected by a temporal in-
tegrator as described above. A timer 80 controls a time
interval between pulses of a laser treatment. Timer 80
measures a time interval from a previous pulse and gen-
erates an interrupt after a predetermined time interval
has elapsed. Processor 22 issues a command for laser
12 to generate a pulse of laser beam 14 after various
optical elements have been positioned to create a de-
sired crater on eye E and after a measured time interval
has elapsed. Treatment table 52 comprises a listing of
all desired craters to be combined so as to effect a treat-
ment therapy.
[0042] In various embodiments of the present inven-
tion, processor 22 may be used to calculate decreases
in amounts of delivered laser energy to a target, to cal-
culate adjustments in amounts of dispatched energy to
compensate for the decreases in delivered energy, to
provide information to laser 12 to compensate for the
decreases, and/or the like. In some embodiments, a com-
puter program stored on tangible medium 29 may be
used by processor to make calculations and/or compen-
sate for decreases in delivered energy. Methods for cal-
culating delivered energy decreases, calculating com-
pensatory increases, and adjusting a laser generating
device are described in greater detail below.
[0043] In one aspect of the present invention, a method
for stabilizing delivered laser energy involves measuring
delivered laser energy over multiple laser pulses (or dur-
ing a period of time, in the case of a constant wave laser),
calculating a decrease in delivered energy caused by
accumulation of one or more substances, such as ozone,
along the laser delivery path, and adjusting a laser to
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compensate for the decrease. Various embodiments of
such a method may include firing a number of laser puls-
es, measuring the pulses and using the measurements
to calculate decreases in delivered energy, compensa-
tory increases in dispatched energy and/or the like. As
mentioned above, such a method may be used to cali-
brate a laser before performing laser eye surgery proce-
dures. In some embodiments, one calibration of a laser
generating device will be sufficient to calibrate the laser
device for many laser eye surgery procedures.
[0044] Referring now to FIG. 4, a flow diagram of one
calibration method 100 for calibrating a laser device is
described. The calibration method 100 generally in-
cludes firing a first laser pulse 102, measuring the energy
of the laser pulse at or near a target of the laser 104, and
storing the measurement data from that pulse 106. If a
desired number of pulses has been fired 112, then the
method proceeds to a calculating step 114. Otherwise
110, another laser pulse is fired 102, and delivered en-
ergy is measured 104 and stored 106. After a desired
number of pulses has been fired 112, one or more cal-
culations is performed 114. Such calculations include,
for example, determining how much decrease in deliv-
ered energy occurs between laser pulses. In other words,
one calculation may be an amount of decrease in energy
that occurs in a given laser pulse as a result of accumu-
lated substance(s), such as ozone, along the laser beam
delivery path caused by the immediately preceding laser
pulse. Another calculation may be an amount of dissipa-
tion of ozone (or other accumulated materials) that oc-
curs during time delays between laser pulses. Generally,
time between pulses, which allows ozone to dissipate,
will decrease the effects of the accumulated ozone
caused by prior laser pulses. From one or more initial
calculations 114, one or more adjustments may be cal-
culated 116 for use in programming or adjusting a laser
energy generating device to compensate for the de-
crease in delivered laser energy at the target due to the
accumulated ozone and/or other substances along the
delivery path. Typically, this adjustment involves gradu-
ally increasing the energy of the laser beam provided by
the laser device over time to compensate for the accu-
mulated substances. As has been mentioned above, the
method just described may be used equally well with a
constant wave laser.
[0045] To compensate for the gradual build-up of
ozone and/or other substances along a laser energy de-
livery path, the laser energy that is provided by (i.e., that
leaves or is "dispatched from") the laser device is in-
creased by a factor calculated from the predicted reduc-
tion in delivered energy. Each fired laser pulse will reduce
the energy delivered by subsequent pulses by an
amount, P. Counteracting this reduction in delivered en-
ergy is an increase in delivered energy caused by dissi-
pation of ozone that occurs between laser pulses. This
counteracting increase is described by the equation C x
(E0 - E) x ∆t, where C is a diffusion constant, E0 is the
amount of energy delivered in the absence of ozone, E

is the amount of delivered energy, and ∆t is the time in-
terval between two laser pulses. Values for P and C may
be calculated during a calibration procedure, as de-
scribed above, and those values may then be used in
one or more calculations to compensate for decreases
in delivered energy of the laser device.
[0046] Referring now to FIG. 5, one embodiment of a
calibration method 120 is described. In this embodiment,
a laser pulse is fired 122, for example having an energy
as close as possible to an energy that will be used for
treatment of an eye. In one embodiment, this amount of
energy may be determined from a most recent calibration
coupled with a fluence check run shortly before the cal-
ibration. When the pulse is fired 122, a pulse counter
counts the pulse 124, delivered energy data is measured
and stored 126, and the system then asks if 1000 or fewer
pulses have been fired 128. If yes 130, then a 50 milli-
second delay occurs 132 and another laser pulse is fired
122. This process continues until 1000 pulses have been
fired 136. At that point the system asks whether 4 or fewer
repeats of 1000 pulses have been fired 138. If yes 140,
then a one minute delay occurs 134, and another se-
quence of 1000 pulses is fired and measured. After 4
series of 1000 pulses are fired and measured 142, aver-
age energy for each time (t) is determined 144. The four
data sets will be averaged to produce a single set of data.
A single exponential will then be fit to this data 146. In
one embodiment, the first 20 data points will not be used
in the fit. The parameters C and P can then be easily
extracted from the fit parameters 148. A look-up table
may then be generated from C and P 148. This look-up
table may then be used to instruct a laser device to pro-
vide a desired amount of energy in a series of laser puls-
es. Again, this is only one embodiment of a method for
calibrating a laser device, and many variations may be
made to such an embodiment without departing from the
scope of the invention.
[0047] Once information is gathered during a calibra-
tion procedure, this information may be used to calibrate
a laser. In other words, various methods of the invention
provide for adjusting a laser device during a laser eye
surgery procedure to stabilize the amount of laser energy
delivered to the target--i.e., a patient’s eye. Basically, the
laser device is adjusted according to information gath-
ered and calculated during the calibration procedure. In
some embodiments, for example, the variables P and C
are determined during calibration and these variables are
then used in an equation during a laser eye surgery pro-
cedure to adjust the amount of laser energy provided by
the laser device so as to stabilize delivered energy.
[0048] Referring now to FIG. 6, one exemplary method
150 for firing a laser in a laser eye surgery procedure is
shown. In this embodiment, a command to fire the laser
is received 152, for example by a processor couple with
the laser. Next, a value of E0 is obtained 154. E0 is con-
stant, and is generally the desired amount of energy fired
by the laser on the first pulse. The value of E is also
obtained 154. E is equal to E0 for the first pulse but then
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changes with each subsequent pulse. E is the value of
the target energy fired by the laser on each pulse, and
this amount generally increases gradually during a treat-
ment to compensate for accumulated ozone and/or other
substances along the laser beam delivery path. The time
since the last pulse was fired (t) is also obtained 154 at
this stage. The system then asks whether t is less than
approximately one second 156. If yes 160, then the sys-
tem uses the equation 

to determine the amount of energy at which to target the
next laser pulse 161. Enew is the amount of energy at
which the next laser pulse will be targeted. Eold is the
amount of energy at which the last laser pulse was tar-
geted. P is the amount of energy by which one laser pulse
decreases the delivered energy of the next subsequent
laser pulse. C is a diffusion constant, and t is the time
delay between two laser pulses.
[0049] In some embodiments, once Enew is deter-
mined, it may be checked against specified limits 164,
such as a minimum and maximum value related to E0.
In one embodiment, for example, Enew must be greater
than 0.85* E0 and less that 1.01*E0 for the laser to fire
168, 172. If Enew does not fall within this threshold 166,
then the laser does not fire, and instead a warning is
provided to the user 170. Of course, this threshold check
is optional, and any other threshold may be used.
[0050] In some embodiments, when t is greater than
or equal to one second 158, the equation immediately
above is not used to calculate the energy of the next laser
pulse. Treatment interruptions of 1 second or greater may
require an alternative calculation to be performed, pre-
dominantly due to the fact that such interruptions allow
accumulated substances along the laser beam delivery
path, such as ozone, to dissipate, thus rendering the
equation explained above inapplicable. For example, in
one embodiment, when t is greater than or equal to 1
second 158, then the system looks up the change in the
energy of the next pulse from a table. This amount of
energy of the next pulse may be referred to as the "target
energy," in that it is the energy that is desired to be
achieved from the laser device. Target energy, therefore
is synonymous with "dispatched energy" or the other sim-
ilar terms explained above. In one embodiment, a look-
up table used when t is greater than or equal to 1 second
uses the formula 

to calculate Enew. In one embodiment, for example, the
table may consist of 59 values corresponding to delays
between 1 second and 60 seconds. Each value will be

calculated by putting the time plus 0.5 second into the
formula above, i.e. 1.5 seconds, 2.5 seconds, 3.5 sec-
onds and so on, so that, for instance, a pause of between
23.00 and 23.99 seconds will use the value calculated in
the table for 23.5 seconds. The calculation will be made
by the laser central processing unit immediately after the
command is sent by the main computer to fire (i.e. im-
mediately before charging). The time required to perform
the calculation should be negligible in comparison to the
5 millisecond delay between the command being re-
ceived and the laser firing.
[0051] While the above provides a complete and ac-
curate description of specific embodiments of the inven-
tion, several changes and adaptations of the present in-
vention may be readily made. For example, while specific
reference has been made to calibration of laser devices
for use in laser eye surgery, any other suitable laser de-
vice may be calibrated using methods and systems of
the present invention. In fact, since many if not all laser
beams will cause an accumulation of ozone along the
delivery path of the beam, systems and methods of the
invention may enhance the accuracy and utility of any
number of different laser devices and systems. Addition-
ally, various embodiments of the invention may alterna-
tively be used to enhance delivery of any beam(s) of elec-
tromagnetic radiation, and are thus not limited to use with
lasers. Therefore, the above description is provided for
exemplary purposes only and should not be interpreted
to limit the scope of the invention as it is defined in the
following claims.

Claims

1. A system for performing a laser eye surgery proce-
dure, the system comprising:

a laser energy generating device (12);
a laser energy measuring device (33) disposed
at or near a target for measuring delivered en-
ergy of the laser energy device; and
a processor (22) coupled with the laser energy
generating device (12) and the laser energy
measuring device (33) for
calculating an adjustment to the laser energy
generating device to compensate for accumu-
lation of one or more substances along a laser
energy delivery path by calculating a decrease
in delivered energy based on accumulation of
substances along the laser delivery path by cal-
culating the decrease in the amount of delivered
energy of a pulse of laser energy compared to
an immediately preceding pulse of laser energy
and
adjusting the laser energy generating device by
increasing an amount of laser energy provided
from the laser generating device over time to
compensate for accumulation of at least one
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substance along the laser delivery path and re-
ducing any increase in the amount of provided
laser energy to compensate for the time be-
tween pulses of laser energy, which time allows
for dissipation of the substance.

2. A system as in claim 1, wherein the energy measur-
ing device (33) is positioned on an opposite side of
a partially transparent lens or mirror from the target.

3. A system as in claim 1, wherein the processor (22)
is calibrated before performing the laser eye surgery
procedure.

4. A system as in claim 1, wherein the processor (22)
is arranged to increase an amount of laser energy
provided by the laser energy device to compensate
for the accumulation of the substance(s) and to de-
crease the provided laser energy to compensate for
time between pulses of the laser energy, which time
allows for dissipation of the substance(s).

5. A system as in claim 1, wherein the processor (22)
is arranged to adjust the laser energy generating de-
vice to compensate for accumulation of ozone along
the delivery path.

6. A system according to any of claims 1 to 5 wherein
the processor (22) is arranged to be calibrated before
performing the laser eye surgery procedure.

7. A computer program product comprising program in-
structions to program the processor of any of claims
1 to 6:

to calculate an adjustment to the laser energy
generating device to compensate for accumu-
lation of one or more substances along a laser
energy delivery path by calculating a decrease
in delivered energy based on accumulation of
substances along the laser delivery path by cal-
culating the decrease in the amount of delivered
energy of a pulse of laser energy compared to
an immediately preceding pulse of laser energy
and
to adjust the laser energy generating device by
increasing an amount of laser energy provided
from the laser generating device over time to
compensate for accumulation of at least one
substance along the laser delivery path and re-
ducing any increase in the amount of provided
laser energy to compensate for the time be-
tween pulses of laser energy, which time allows
for dissipation of the substance.

8. A storage medium comprising a computer program
product according to claim 7.

9. A method for stabilizing an amount of laser energy
delivered to a target by a laser generating device
(12), the method comprising:

measuring the amount of delivered laser energy
arriving at or near a target from the laser gener-
ating device (12) over a period of time;
calculating an adjustment to the laser energy
generating device to compensate for accumu-
lation of one or more substances along a laser
energy delivery path by calculating a decrease
in delivered energy based on accumulation of
substances along the laser delivery path by cal-
culating the decrease in the amount of delivered
energy of a pulse of laser energy compared to
an immediately preceding pulse of laser energy
and
adjusting the laser energy generating device by
increasing an amount of laser energy provided
from the laser generating device over time to
compensate for accumulation of at least one
substance along the laser delivery path and re-
ducing any increase in the amount of provided
laser energy to compensate for the time be-
tween pulses of laser energy, which time allows
for dissipation of the substance, wherein the
method is not a method of treatment of the hu-
man or animal body by surgery or therapy prac-
tised on the human or animal body.

10. A method as in claim 9, wherein measuring the
amount of delivered laser energy comprises meas-
uring with a laser energy meter (33) positioned at or
near the target.

11. A method as in claim 10, wherein the laser energy
meter (33) is positioned on an opposite side of a
partially transparent lens or mirror from the target.

12. A method as in claim 9, wherein the at least one
substance comprises ozone, and wherein passage
of the laser energy along the delivery path causes
an amount of oxygen to be converted to ozone.

13. A method as in claim 9, wherein adjusting the laser
generating device comprises increasing an amount
of laser energy provided from the laser generating
device over time to compensate for accumulation of
at least one substance along a delivery path of the
laser energy caused by passage of the laser energy
along the path.

14. A method as in claim 13, wherein the laser generat-
ing device is adjusted to compensate for accumula-
tion of ozone along the delivery path.

15. A method as in claim 13, wherein adjusting the laser
generating device further comprises reducing any
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increases in the amount of provided laser energy to
compensate for time between pulses of laser energy,
which time allows for dissipation of the substance(s).

16. A method as in claim 9, wherein the measuring, cal-
culating and adjusting steps are performed during a
calibration procedure for the laser generating device.

17. A method as in claim 9, further comprising directing
laser energy from the laser generating device toward
the target.

Patentansprüche

1. System zur Durchführung eines chirurgischen Au-
genlaserverfahrens, wobei das System umfasst:

- eine Laserenergieerzeugungseinrichtung (12),
- eine Laserenergiemesseinrichtung (33), die an
oder nahe einem Ziel angeordnet ist, um die ab-
gegebene Energie der Laserenergieeinrichtung
zu messen, und
- einen Prozessor (22), der mit der Laserener-
gieerzeugungseinrichtung (12) und der Laser-
energiemesseinrichtung (33) gekoppelt ist, und
zwar zum
- Berechnen einer Einstellung der Laserenergie-
erzeugungseinrichtung, um eine Ansammlung
einer oder mehrerer Substanzen längs eines La-
serenergieabgabeweges zu kompensieren, in-
dem eine Abnahme der abgegebenen Energie
basierend auf der Ansammlung von Substanzen
längs des Laserabgabeweges durch Berechnen
der Abnahme des abgegebenen Energiebetra-
ges eines Laserenergiepulses im Vergleich zu
einem unmittelbar vorhergehenden Laserener-
giepuls berechnet wird, und
- Einstellen der Laserenergieerzeugungsein-
richtung durch Erhöhen eines Laserenergiebe-
trages, der über eine Zeitspanne durch die La-
sererzeugungseinrichtung bereitgestellt wird,
um eine Ansammlung mindestens einer Sub-
stanz längs des Laserabgabeweges zu kom-
pensieren, und Verringern jedweder Zunahme
des bereitgestellten Laserenergiebetrages, um
die Zeitspanne zwischen Laserenergiepulsen
zu kompensieren, welche Zeitspanne eine Zer-
streuung der Substanz ermöglicht.

2. System nach Anspruch 1,
wobei die Energiemesseinrichtung (33) auf einer
dem Ziel entgegengesetzten Seite einer teilweise
lichtdurchlässigen Linse oder eines teilweise licht-
durchlässigen Spiegels angeordnet ist.

3. System nach Anspruch 1,
wobei der Prozessor (22) vor dem Durchführen des

chirurgischen Augenlaserverfahrens kalibriert wird.

4. System nach Anspruch 1,
wobei der Prozessor (22) dafür ausgelegt ist, einen
durch die Laserenergieeinrichtung bereitgestellten
Laserenergiebetrag zu erhöhen, um die Ansamm-
lung der Substanz(en) zu kompensieren, und die be-
reitgestellte Laserenergie zu verringern, um die Zeit-
spanne zwischen Laserenergiepulsen zu kompen-
sieren, welche Zeitspanne eine Zerstreuung der
Substanz(en) ermöglicht.

5. System nach Anspruch 1,
wobei der Prozessor (22) dafür ausgelegt ist, die La-
serenergieerzeugungseinrichtung einzustellen, um
eine Ansammlung von Ozon längs des Abgabewe-
ges zu kompensieren.

6. System nach einem der Ansprüche 1 bis 5,
wobei der Prozessor (22) dafür ausgelegt ist, vor
dem Durchführen des chirurgischen Augenlaserver-
fahrens kalibriert zu werden.

7. Computerprogrammprodukt, das Programmbefehle
zum Programmieren des Prozessor nach einem der
Ansprüche 1 bis 6 umfasst, und zwar zum:

- Berechnen einer Einstellung der Laserenergie-
erzeugungseinrichtung, um eine Ansammlung
einer oder mehrerer Substanzen längs eines La-
serenergieabgabeweges zu kompensieren, in-
dem eine Abnahme der abgegebenen Energie
basierend auf der Ansammlung von Substanzen
längs des Laserabgabeweges durch Berechnen
der Abnahme des abgegebenen Energiebetra-
ges eines Laserenergiepulses im Vergleich zu
einem unmittelbar vorhergehenden Laserener-
giepuls berechnet wird, und
- Einstellen der Laserenergieerzeugungsein-
richtung durch Erhöhen eines Laserenergiebe-
trages, der über eine Zeitspanne durch die La-
sererzeugungseinrichtung bereitgestellt wird,
um eine Ansammlung mindestens einer Sub-
stanz längs des Laserabgabeweges zu kom-
pensieren, und Verringern jedweder Zunahme
des bereitgestellten Laserenergiebetrages, um
die Zeitspanne zwischen Laserenergiepulsen
zu kompensieren, welche Zeitspanne eine Zer-
streuung der Substanz ermöglicht.

8. Speichermedium mit einem Computerprogramm-
produkt nach Anspruch 7.

9. Verfahren zum Stabilisieren eines durch eine Laser-
erzeugungseinrichtung (12) an ein Ziel abgegebe-
nen Laserenergiebetrages, wobei das Verfahren
umfasst:
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- Messen des abgegebenen Laserenergiebetra-
ges, der über eine Zeitspanne von der Laserer-
zeugungseinrichtung (12) an oder nahe einem
Ziel ankommt,
- Berechnen einer Einstellung der Laserenergie-
erzeugungseinrichtung, um eine Ansammlung
einer oder mehrerer Substanzen längs eines La-
serenergieabgabeweges zu kompensieren, in-
dem eine Abnahme der abgegebenen Energie
basierend auf der Ansammlung von Substanzen
längs des Laserabgabeweges durch Berechnen
der Abnahme des abgegebenen Energiebetra-
ges eines Laserenergiepulses im Vergleich zu
einem unmittelbar vorhergehenden Laserener-
giepuls berechnet wird, und
- Einstellen der Laserenergieerzeugungsein-
richtung durch Erhöhen eines Laserenergiebe-
trages, der über eine Zeitspanne durch die La-
sererzeugungseinrichtung bereitgestellt wird,
um eine Ansammlung mindestens einer Sub-
stanz längs des Laserabgabeweges zu kom-
pensieren, und Verringern jedweder Zunahme
des bereitgestellten Laserenergiebetrages, um
die Zeitspanne zwischen Laserenergiepulsen
zu kompensieren, welche Zeitspanne eine Zer-
streuung der Substanz ermöglicht, wobei das
Verfahren kein Verfahren zur Behandlung eines
menschlichen oder tierischen Körpers durch
chirurgischen Eingriff oder eine Therapie dar-
stellt, die am menschlichen oder tierischen Kör-
per durchgeführt wird.

10. Verfahren nach Anspruch 9,
wobei das Messen des abgegebenen Laserenergie-
betrages eine Messung mit einer Laserenergiemes-
seinrichtung (33) umfasst, die an oder nahe dem Ziel
angeordnet ist.

11. Verfahren nach Anspruch 10,
wobei die Laserenergiemesseinrichtung (33) auf ei-
ner dem Ziel entgegengesetzten Seite einer teilwei-
se lichtdurchlässigen Linse oder eines teilweise
lichtdurchlässigen Spiegels angeordnet ist.

12. Verfahren nach Anspruch 9,
wobei die mindestens eine Substanz Ozon umfasst,
und wobei die Bewegung der Laserenergie längs
des Abgabeweges bewirkt, dass eine Sauerstoff-
menge in Ozon umgewandelt wird.

13. Verfahren nach Anspruch 9,
wobei das Einstellen der Lasererzeugungseinrich-
tung das Erhöhen eines durch die Lasererzeugungs-
einrichtung über eine Zeitspanne bereitgestellten
Laserenergiebetrages umfasst, um eine Ansamm-
lung mindestens einer Substanz längs eines Laser-
energieabgabeweges zu kompensieren, die durch
die Bewegung der Laserenergie längs des Weges

verursacht wird.

14. Verfahren nach Anspruch 13,
wobei die Lasererzeugungseinrichtung eingestellt
wird, um eine Ansammlung von Ozon längs des Ab-
gabeweges zu kompensieren.

15. Verfahren nach Anspruch 13,
wobei ein Einstellen der Lasererzeugungseinrich-
tung ferner das Verringern jedweder Zunahme des
bereitgestellten Laserenergiebetrags umfasst, um
die Zeitspanne zwischen Laserenergiepulsen zu
kompensieren, welche Zeitspanne eine Zerstreuung
der Substanz(en) ermöglicht.

16. Verfahren nach Anspruch 9,
wobei die Schritte des Messens, Berechnens und
Einstellens während eines Kalibriervorgangs der La-
sererzeugungseinrichtung durchgeführt werden.

17. Verfahren nach Anspruch 9,
das ferner das Lenken von Laserenergie von der La-
sererzeugungseinrichtung zum Ziel umfasst.

Revendications

1. Système d’exécution d’une procédure de chirurgie
oculaire au laser, le système comprenant :

un dispositif de génération d’énergie laser (12) ;
un dispositif de mesure de l’énergie laser (33)
disposé au niveau ou à proximité d’une cible
pour mesurer l’énergie délivrée du dispositif
d’énergie laser ; et
un processeur (22) couplé au dispositif de gé-
nération d’énergie laser (12) et au dispositif de
mesure de l’énergie laser (33) destiné à
calculer un ajustement au dispositif de généra-
tion d’énergie laser pour compenser une accu-
mulation d’une ou plusieurs substances le long
d’une trajectoire d’apport l’énergie laser en cal-
culant une réduction de l’énergie délivrée sur la
base de l’accumulation de substances le long
de la trajectoire d’apport d’énergie laser en cal-
culant la réduction de la quantité d’énergie dé-
livrée d’une impulsion d’énergie laser de l’éner-
gie laser par rapport à une impulsion immédia-
tement précédente et
ajuster le dispositif de génération d’énergie laser
en augmentant avec le temps une quantité de
l’énergie laser fournie par le dispositif de géné-
ration d’énergie laser afin de compenser l’accu-
mulation d’au moins une substance le long de
la trajectoire d’apport d’énergie laser et réduire
toute augmentation de la quantité d’énergie la-
ser fournie afin de compenser le temps entre les
impulsions d’énergie laser, lequel temps permet
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la dissipation de la substance.

2. Système selon la revendication 1, dans lequel le dis-
positif de mesure de l’énergie (33) est positionné sur
un côté opposé d’une lentille ou d’un miroir partiel-
lement transparent(e) par rapport à la cible.

3. Système selon la revendication 1, dans lequel le pro-
cesseur (22) est agencé avant exécution de la pro-
cédure chirurgicale oculaire au laser.

4. Système selon la revendication 1, dans lequel le pro-
cesseur (22) est conçu pour augmenter une quantité
d’énergie laser fournie par le dispositif d’énergie la-
ser afin de compenser l’accumulation de la(des)
substance(s) et pour réduire l’énergie laser fournie
afin de compenser le temps entre les impulsions de
l’énergie laser, lequel temps permet une dissipation
de la(des) substance(s).

5. Système selon la revendication 1, dans lequel le pro-
cesseur (22) est agencé pour ajuster le dispositif de
génération d’énergie laser afin de compenser l’ac-
cumulation d’ozone le long de la trajectoire de dis-
tribution.

6. Système selon l’une quelconque des revendications
1 à 5, dans lequel le processeur (22) est agencé pour
être étalonné avant exécution de la procédure chi-
rurgicale oculaire au laser.

7. Produit de programme informatique comprenant des
instructions de programme pour programmer le pro-
cesseur selon l’une quelconque des revendications
1 à 6 ; pour calculer un ajustement au dispositif de
génération d’énergie laser afin de compenser l’ac-
cumulation d’une ou plusieurs substances le long
d’une trajectoire d’apport d’énergie laser en calcu-
lant une réduction de l’énergie délivrée sur la base
de l’accumulation de substances le long de la trajec-
toire d’apport laser en calculant la réduction de la
quantité d’énergie délivrée d’une impulsion d’éner-
gie laser par rapport à une impulsion d’énergie laser
immédiatement précédente et
pour ajuster le dispositif de génération d’énergie la-
ser en augmentant une quantité d’énergie laser four-
nie par le dispositif de génération d’énergie laser
avec le temps afin de compenser l’accumulation d’au
moins une substance le long de la trajectoire de dis-
tribution d’énergie laser et en réduisant toute aug-
mentation de la quantité d’énergie laser fournie afin
de compenser le temps entre les impulsions de
l’énergie laser, lequel temps permet la dissipation
de la substance.

8. Support de stockage comprenant un produit de pro-
gramme informatique selon la revendication 7.

9. Procédé de stabilisation d’une quantité d’énergie la-
ser délivrée à une cible par un dispositif de généra-
tion laser (12), le procédé comprenant les étapes
consistant à :

mesurer la quantité d’énergie laser délivrée ar-
rivant au niveau ou à proximité d’une cible en
provenance du dispositif de génération laser
(12) sur une période de temps ;
calculer un ajustement au dispositif de généra-
tion d’énergie laser afin de compenser une ac-
cumulation d’une ou plusieurs substances le
long d’une trajectoire d’apport d’énergie laser
en calculant une réduction de l’énergie délivrée
sur la base de l’accumulation de substances le
long de la trajectoire d’apport laser en calculant
la réduction de la quantité d’énergie délivrée
d’une impulsion d’énergie laser par rapport à
une impulsion d’énergie laser immédiatement
précédente et
ajuster le dispositif de génération d’énergie laser
en augmentant une quantité d’énergie laser
fournie par le dispositif de génération laser avec
le temps afin de compenser l’accumulation d’au
moins une substance le long de la trajectoire de
distribution laser et en réduisant toute augmen-
tation de la quantité d’énergie laser fournie afin
de compenser le temps entre les impulsions
d’énergie laser, lequel temps permet une dissi-
pation de la substance,
le procédé n’étant pas un procédé de traitement
du corps humain ou animal par chirurgie ou thé-
rapie pratiquée sur le corps humain ou animal.

10. Procédé selon la revendication 9, dans lequel la me-
sure de la quantité d’énergie laser délivrée com-
prend la mesure avec un dispositif de mesure d’éner-
gie laser (33) positionné au niveau ou à proximité de
la cible.

11. Procédé selon la revendication 10, dans lequel le
dispositif de mesure d’énergie laser (33) est posi-
tionné sur un côté opposé d’une lentille ou d’un miroir
partiellement transparent(e) par rapport à la cible.

12. Procédé selon la revendication 9, dans lequel l’au
moins une substance comprend de l’ozone, et dans
lequel le passage de l’énergie laser le long de la
trajectoire d’apport entraîne la conversion d’une
quantité d’oxygène en ozone.

13. Procédé selon la revendication 9, dans lequel l’ajus-
tement du dispositif de génération laser comprend
l’augmentation avec le temps d’une quantité d’éner-
gie laser fournie par le dispositif de génération laser
afin de compenser l’accumulation d’au moins une
substance le long d’une trajectoire d’apport de l’éner-
gie laser causée par le passage de l’énergie laser le
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long de la trajectoire.

14. Procédé selon la revendication 13, dans lequel le
dispositif de génération laser est ajusté afin de com-
penser l’accumulation d’ozone le long de la trajec-
toire d’apport.

15. Procédé selon la revendication 13, dans lequel
l’ajustement du dispositif de génération laser com-
prend en outre la réduction de toute augmentation
de la quantité d’énergie laser fournie afin de com-
penser le temps entre les impulsions d’énergie laser,
lequel temps permet la dissipation de la(des) subs-
tance(s).

16. Procédé selon la revendication 9, dans lequel les
étapes de mesure, de calcul et d’ajustement sont
effectuées pendant une procédure d’étalonnage du
dispositif de génération laser.

17. Procédé selon la revendication 9, comprenant en
outre l’orientation de l’énergie laser à partir du dis-
positif de génération laser vers la cible.
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