
EP 0 269 621 B1 Description This invention relates to an anaesthetic
monitor. More particularly the invention relates to a method and apparatus
for monitoring the level of conscious- ness of a subject who has been
subjected to a general anaesthetic. Information concerning anaesthetic
depth and the level of consciousness would be of considerable usefulness to
the person administering the anaesthetic so that the administration of the
anaesthetic can be controlled so as to give a desired anaesthetic depth and
level of consciousness. It is known to apply a stimulus to a subject and to
analyse an evoked response of the brain as an 10  indication of anaesthetic
depth. For instance, in the paper entitled "Visual Evoked Response Phase
Spectrum As Measure Of Latency" by J H Strickland Jnr. and L C Sheppard,
published in the proceedings of the 11th Annual North East Bioengineering
Conference of the Worcester Polytechnic Institute, March 14th, 15th 1985,
there is described a method of quantifying latency in an evoked response
which involves analysing the phase spectrum of a visual evoked response in
dogs during anaesthesia. The paper 15  represents an evaluation of a
latency measurement technique which supports the hypothesis that phase
shift in the evoked response is a consistent indicator of latency shift. In
United States patent number 3513834, assigned to Hitachi Limited, peak
values in a brain wave evoked in response to an electrical impulse are
analysed as a measurement of anaesthetic state. In this disclosure, an
electrical pulse is repeatedly applied to a subject and peaks in an evoked
brain wave are 20  analysed in terms of amplitude. According to the present
invention there is provided a method of testing anaesthetic depth or
consciousness of a subject comprising the steps of applying a stimulus
signal to a sensory organ of a subject and obtaining an
electroencephalographic (EEG) signal from the subject whilst said stimulus
signal is being applied, and analysing the EEG signal as an indication of
the anaesthetic depth or consciousness 25 of the subject, characterised in
that the intensity of the stimulus signal is modulated, the modulation
occurring according to a frequency regime, which comprises a plurality of
simultaneously present and different predetermined frequency components
[err]  and the analysis of the EEG signal is carried out to determine the
magnitude or magnitude and phase of the respective components in the EEG
signal having the same frequencies as the plurality of different
predetermined frequency components, and in that 30  the anaesthetic depth
or consciousness of the subject is assessed with reference to said
magnitude or magnitude and phase of the components. Preferably further, the
stimulus signal comprises electromagnetic radiation. Preferably further,
the radiation comprises visible red radiation modulated in amplitude so as
to have components at said plurality of predetermined frequencies.
Preferably further, the frequency components are in the range of 4 to 72
Hz. 35  The method may be used to test the consciousness of a subject under
anaesthetic. In this case, the preferred method of treating the subject is
to subject the subject to the method prior to administration of the
anaesthetic so as to determine a pre-anaesthetic magnitude and/or phase
response of the selected component of the EEG signal (hereinafter called a
normal response). The method includes the step of comparing the magnitude
after administration of the anaesthetic to the normal response. The 40
comparisons are preferably carried out and displayed as a function of
frequency of the stimulus signal. The invention also provides apparatus for
testing consciousness of a subject, said apparatus comprising generator
means for generating a stimulus signal, coupling means for coupling the
stimulus signal to a sensory organ of the subject, EEG electrodes for
deriving an EEG signal from the subject whilst said stimulus signal is
being applied and analysis means for analysing the EEG signal as an
indication of the 45  anaesthetic depth or consciousness of the subject,
characterised in that the intensity of the stimulus signal is modulated
according to a frequency regime which comprises a plurality of
predetermined frequency components [err] which are, in use, simultaneously
applied to the subject and the analysis means determines the magnitude or
magnitude and phase of the respective components of the EEG signal to
provide said indication. 50     Where the apparatus is to be used for
testing the consciousness of a subject under anaesthetic, it is important
that the apparatus yields the information quickly regarding the magnitude
and/or phase of the selected frequency component of the EEG signal so that
personnel administering the anaesthetic will be in a position to monitor
the results and thereby control the rate of administration of the
anaesthetic to the 



subject. 55     The invention will now be further described with reference
to the accompanying drawings, in which: Figure 1 is a block diagram showing
the basic components of the anaesthetic monitoring system of the invention;
Figure 2 is a schematic plan view showing EEG electrodes and Light Emitting
Diode (LED) arrays 2    EP 0 269 621 B1 relative to a subject; Figures 3A
to 3D illustrate graphical output displays of the system; Figure 4 is a
block diagram showing the stimulus generator; Figure 5 is a more detailed
circuit diagram of part of the stimulus generator; 5    Figure 6 is another
circuit diagram of part of the stimulus generator; Figure 7 is a circuit
for controlling the intensity of an LED array; Figure 8 is a schematic view
of an LED array; Figure 9 is a schematic side view of the LED array with
shielding; Figure 10 is a block diagram showing the EEG analyser; 10
Figure 11 is a circuit diagram of part of the analyser; Figure 12 is
another circuit diagram of part of the analyser; Figures 13A to 13G shows
waveforms useful in understanding the operation of the invention; Figure 14
is a block diagram of a microprocessor used in the system; and Figure 15 is
a schematic diagram of components associated with the microprocessor. is
The system schematically illustrated in Figure 1 is used for determining
the state of awareness or anaesthetic depth of a subject 2 who might for
instance be undergoing a surgical operation. An EEG signal from the subject
is obtained by using EEG electrodes 4, 6, 8 and 10. Figure 2 shows one way
in which the electrodes are coupled to the head of the subject 2. In this
arrangement the electrode 4 is coupled to the forehead of the subject and
is used as a ground. The 20  electrode 6 is coupled at the central
occipital site (Oz) and the electrodes 8 and 10 are connected to the ears
of the subject. The electrodes 8 and 10 and electrically connected together
and form the negative input for the analyser, as will be described
hereinafter. The system includes a microcomputer 12 coupled to a stimulus
generator 14 which in turn is coupled to a pair of LED arrays 16. The LED
arrays are in use located adjacent to the eyes of the subject 2 and are 25
arranged to generate signals which are perceptible through the closed
eyelids of the subject. The system includes an analyser 18 which analysers
the EEC signals obtained from the electrodes 4, 6, 8 and 10. Output from
the analyser is coupled to the microcomputer 12. The computer 12 arranges
for further processing of the output of the analyser in a general purpose
computer 20 which may include a VDU display for display of results in
numerical or graphical form. 30     Generally speaking, the stimulus
generator generates a stimulus signal which comprises a group of accurately
known frequency components. The stimulus signal is applied to the pair of
LED arrays so as to modulate the intensity thereof. The electrical response
of the brain of the subject is sensed using the EEG electrodes and the
analyser 18 very accurately isolates the components which have the same
frequencies as the stimulus signal produced by the stimulus generator 14.
It has been found that this technique enables 35  very useful information
to be obtained regarding the anaesthetic depth of a subject. It has also
been found that certain frequencies are especially useful in ascertaining
the anaesthetic depth of the subject but the peak sensitivity of some
subjects occurs at different frequencies. Accordingly, the preferred
technique of the invention involves applying signals to the subject at a
range of frequencies. In order to conserve time, a group of say three
selected frequencies are applied simultaneously to the subject and the
analyser 18, 40  microcomputer 12 and computer 20 are arranged to
separately analyse the response to the individual frequencies in the
selected group. Table 1 below sets out a typical selection of frequencies.
45 50 



55 3    EP 0 269 621 B1 TABLE 1 GROUP   [err] (Hz)  [err](Hz)  [err](Hz)
Duration   Typical Sensitivity 5                     1        4        5
6       20 sec    reasonable 2        7        8       9       20sec
reasonable 3        10       11       12     40 sec    notvery selective 4
13       14       15     20 sec    not very selective 5        16       17
18     10 sec    satisfactory 10                 6         20      22
24      10 sec    satisfactory 7        26       28      30       10sec
satisfactory 8        32       34      36       10sec    satisfactory 9
38       40      42       10 sec    best 10       44       46      48
10 sc    best 15                 11        50      52       54      10 sec
best 12       56       58      60      10 sec    best 13       62       64
66      10 sec    best 14       68       70      72      10 sec    best 20
The table indicates that there are fourteen groups of frequencies [err] and
[err], the duration for which the group of frequencies is applied and the
typical sensitivity of a subject to those particular frequencies. The
duration is chosen so that a reasonably accurate EEG response can be
obtained, e.g. a signal to noise ratio of 3dB in a relatively short period.
In the period were too long, the system would not yield results 25 quickly
enough for monitoring the anaesthetic depth of a subject under an
anaesthetic. The selection of frequencies within the groups is arbitrary
but for convenience the frequencies [err] and [err] are adjacent so that
the optimum durations are also similar. It has been found that for signals
above about 72 Hz the EEG response is too small. In carrying out the
invention, the subject is first subjected to signals from the stimulus
generator 14 30  before any anaesthetic is administered so as to obtain an
"awake" response because the EEG amplitudes of subjects vary quite
considerably from one to another. The awake response is stored in the
general purpose computer 20 so that normalized results can be displayed
when the subject is subjected to the stimulus under anaesthetic. Figure 3A
illustrates the typical EEG magnitude response of a subject as a function
of frequency. The 35 solid line 22 shows the "awake" response which is
obtained before any anaesthetic is administered, the red light signals
being applied through the closed eyelids of the subject as mentioned
previously. The graph also shows the "asleep" response 24 as a function of
frequency after a subject has been subjected to the anaesthetic. The
general purpose computer 20 can be programmed to display a graph in a
similar format to that shown in Figure 3A, the asleep response 24 being
continually updated by results obtained from the 40  analyser 18 and
microcomputer 12. An operator can then make a comparative assessment to see
the ratio of the asleep response 24 to the awake response at a particular
frequency. Generally speaking, a useful indication is that the subject is
soundly anaesthetized is when the asleep response is less than 50% of the
awake response. Alternatively, the general purpose computer 20 can be
programmed to display the output information as a function of time. Figure
3C shows the magnitude responses as a function of frequency, the general
purpose computer 20 being preprogrammed to integrate to obtain the area
[err] beneath the awake response 26 in a selected frequency range say 40 to
72 Hz and to integrate so as to obtain the area A2 beneath the asleep
response 28. The ratio response 30 can then be displayed as a function of
time as shown in Figure 3D. Output in this form provides a very convenient
indication to an operator of the anaesthetic depth of the 50 subject. Where
the ratio response 30 is less than 0.5, that can be taken as an indication
that the subject is sufficiently anaesthetized. 



It would be possible of course to arrange to automatically control the
administration of further anaesthetic into the subject in accordance with
the normalized response information available in the computer 20. For
safety reasons however it is envisaged that the administration of further
anaesthetic would be carried out manually after assessment of the output of
the computer by an experienced operator. In an alternative arrangement, the
phase response of the subject could be obtained and utilized in a similar
way. For instance, whilst the subject were awake, the phase response of the
selected frequency components in the EEG relative to the respective
frequency components generated by the stimulus generator could be obtained
and stored as a function of frequency. Figure 3B shows the awake response
32 4    EP 0 269 621 B1 of the phase difference as a function of frequency.
The asleep response 34 is also shown. The phase response is proportional to
frequency multiplied by T where T is the delay between input of a stimulus
and the EEG response. It has been found that the delay T of a subject
varies in accordance with the anaesthetic depth and thereby this parameter
can be used for assessment of the anaesthetic depth. 5     Figures 4 to 15
illustrate in more detail a preferred arrangement for the stimulus
generator 14, analyser 18 and microcomputer 12. Figure 4 shows an
oscillator 36 arranged to oscillate at say 4 MHz. The output of the
oscillator 36 is coupled to a divider 38 the output of which is coupled to
frequency multipliers 40, 42 and 44 the outputs of which are coupled to
counters 46, 48 and 50 respectively. The outputs of the counters 46, 48 and
50 10 comprise square-wave signals, the frequencies of which are accurately
determined and comprise the frequency components [err] and [err] to be
applied to the subject in accordance with Table 1 above. The actual values
of the frequencies produced by the multipliers 40, 42 and 44 are determined
in accordance with data input on data lines 52, 54 and 56 from the
microcomputer 12. Output from the counters 46, 48 and 50 is applied to
ROM's 58, 60 and 62. Each of the ROM's has three functions. First to store
a look-up 15 table for sine values and so produce output in digital form on
lines 64, 66 and 68, the output being the sine of the number applied to the
respective ROM. The ROM's also have cosine look-up tables so as to produce
cosine outputs on lines 70, 72 and 74. The ROM's also produce control
signals on lines 76, 78 and 80 which are applied to the analyser 18. The
sine output lines 64, 66 and 68 are coupled to digital to analogue
converters 82, 84 and 86 the outputs of which are summed in an adding
circuit 88. The summed output 20 from the summer 88 is applied to an LED
control circuit 90 which produces current for the LED arrays 16. Thus, the
current signal applied to the LED array 16 has three accurately known
frequency components [err], [err] and [err] as determined by the
microcomputer 12. Figure 5 shows in schematic form a circuit realization
for part of the stimulus generator 14. In this arrangement, the oscillator
36 is a 4 MHz crystal oscillator and its output is coupled to the input of
the 25 counter 38 by means of a buffer amplifier 92. The divider 38
conveniently comprises a 4040 counter receiving output from the buffer
amplifier 92. The output from the counter comprises a stable accurately
defined frequency which for convenience is chosen to be 512 Hz. The output
signal is connected to the inputs of the frequency multipliers 40, 42 and
44, the multiplier 40 being shown in more detail in Figure 5 by way of
example. The multiplier 40 comprises a 4046 phase-locked loop circuit 94
which receives output 30 from the counter 38, via pin 14. The circuit
includes a divider circuit 96 the output of which is coupled via line 98 to
pin 3 of the 4046 circuit. The divider circuit itself includes presettable
down counters 100 and 102 each of which comprises a 74 LS 191 circuit. The
divider circuit operates to divide by a number read into a 74 LS 373
eight-bit latch 104 from the microcomputer 12 via lines 52. Thus the input
to the latch 104 determines the factor by which the divider 96 divides the
reference frequency input to the frequency 35 multiplier 40. The output of
the multiplier 40 appears on line 106 which is coupled to the input of
counter 46. The frequency is 1024 times the frequency [err]. The counter 46
comprises a 74 LS 393 counter arranged to divide the input by the factor
1024 whereby its output is at frequency [err]. As seen in Figure 6, the
counter 46 has its ten-bit output coupled to the inputs of ROM 58 which
preferably comprises three ROM elements 106, 108, 110 each having eight
output bits. Eight bits of the 40 element 106 and two from the element 108
are used for the sine output table, and eight bits from the 



element 110 and two the element 108 are used for the cosine output table.
The remaining four bits of the ROM element 108 are connected to the control
lines 76 for control signals for the microcomputer 12 and for the analyser
18. The ten-bit sine output from the ROM 58 is then coupled to the input of
a digital to analogue converter 82 and the output 112 is connected to one
input of the adding circuit 88. The adding 45 circuit comprises a
differential amplifier 114 the positive input of which is grounded and the
output of which has a resistive feedback element 116 connected to the
summing junction 118 which in turn is coupled to the negative input of the
amplifier 114. The amplifier 114 may comprise a TL 071 circuit. The other
inputs to the adding circuit 88 are derived from the digital to analogue
converters 84 and 86 which relate to the reference frequencies [err] and
[err] respectively. 50     Output from the amplifier 114 is coupled to
input line 120 of the LED control circuit 90, as shown in Figure 7. The
input line 120 is coupled to the input of an amplifier 122 via a zero
adjusting network 124 which is adjusted so that the output of the circuit
90 has a desired DC level. Output from the amplifier 122 is coupled to the
input of a current buffer 126 for driving the LED arrays 16. Each array 16
comprises seven LED devices 128 arranged in a circular pattern, as
diagrammatically illustrated in Figure 8. The fourteen 55 LED's are
connected in series and are driven by the current supplied from the buffer
126. The other end of the series connection of LED's is connected to a
negative supply line 130 the voltage of which is selected in accordance
with the number of LED's connected in series. In order to regulate the
intensity of the output of the array 16, a control LED 132 is connected in
series with the output of buffer 126 and arranged to    EP 0 269 621 B1
irradiate a phototransistor 134, the output of which is connected via
amplifier 136 to the input of the amplifier 122. The output of the control
LED 132 which is selected so as to be of the same type as those used in the
array 16 is thus representative of the light intensity output of the array
and this is used for negative feedback so as to control the peak intensity
reached by the LED arrays 16. The circuit 90 thus 5 ensures a constant
average level of intensity of light output from the LED array 16 regardless
of which selected group of reference frequencies is applied to the LED
arrays. In one arrangement, it was found convenient to use LED devices
manufactured by Stanley known as ESBR diodes. The current flowing through
the diodes is typically 20 to 30 milliamps and less than 50 milliamps. The
zero adjust network 124 ensures that the LED devices are not reversed
biased at any stage io  in the process because this would have the effect
of upsetting the otherwise purely sinusoidal inputs to the LED devices. It
has been found desirable to locate the LED arrays 16 within inner and outer
shielding screens 138 and 140 as shown in Figure 9. The screens
substantially eliminate the effects of electric and magnetic fields
produced by the currents flowing through the LED's 128. The conductors 142
to the array 16 are also 15 shielded for the same reason. Shielding is very
important from a practical point of view because of the proximity of the
array 16 to the EEG electrodes and because of the relatively low signal
level, i.e. signals at the selected frequencies [err] and [err] compared to
the background EEG signal. Typically the signal level at the reference
frequencies might be less than 2 microvolts whereas the background level
could be 20 volts. 20  Figure 10 illustrates in more detail the analyser
circuit 18. It comprises an input amplifier 144 which receives an EEG
signal from the electrodes 4, 6, 8 and 10. Output from the amplifier passes
to a band pass filter 146 selected to pass frequencies say in the range 1
to 100 Hz. Output from the filter 146 is coupled to the inputs of
multiplying digital to analogue converters 148, 150, 152, 154, 156 and 158.
Other inputs to the converters are from the ROM's 58, 60 and 62 of the
stimulus generator 14. The sine output lines 64, 66 and 25  68 are
connected to the converters 148, 152 and 156 respectively. The cosine
output lines 70, 72 and 74 are connected to the converters 150, 154 and 158
respectively. The outputs of the converters are coupled to the inputs of
integrators 160, 162, 164, 166, 168 and 170, the outputs of which are
coupled to sample and hold circuits 172, 174, 176, 178, 180 and 182
respectively. The integrators and sample and hold circuits are controlled
by output signals from the ROM's of the generator 14. More particularly,
the integrators 160 30  and 162 and sample and hold circuits 172 and 174
are controlled by the control lines 76 from the ROM 58 and are thus used
for analysis at the reference frequency [err]. The integrators 164 and 166
and sample and 



hold circuits 176 and 178 receive control signals via the lines 78 from the
ROM 60 and are used for reference frequency F2. The integrators 168 and 170
and circuits 180 and 182 are controlled by signals on the control line 80
from ROM 62 and are used for reference frequency [err]. Outputs from the
sample and 35  hold circuits are coupled to an analogue to digital
converting device 184 via a multiplexer 186 which in turn is controlled by
the microcomputer 12 via line 187. The converting device 184 is controlled
by the microcomputer 12 via control lines 189. Data output from the
converter 184 is applied to the microcomputer 12 for further processing.
Generally speaking, the arrangement of Figure 10 is used to enable very
accurate selection from the 40  EEG signal received by the amplifier 144 of
components at the reference frequencies [err] and [err]. Further, the
discrimination can be performed in a relatively short time so that
information is available to the computer 12 to allow updating of displayed
information at a reasonable repetition rate. Output signal of the filter
146 denoted f(t) will include components at the selected frequences [err]
and [err]. Considering firstly the frequency [err], the output signals from
the converters 148 and 150 will be as 45 follows: output of converter 148 =
f(t).Sin [err] output of converter 150 = f(t).Cos [err] 50  because of the
inputs from lines 64 and 70 from the ROM 58. The integrators 160 and 162
are arranged to integrate the outputs from the converters 148 and 150 for a
selected number of full cycles of the at the selected frequency [err] as
determined by control lines 76. Thus the outputs of the integrators 160 and
162 are as follows: 55 6    EP 0 269 621 B1 [err] By Fourier analysis it
can be shown that the magnitude [err] of the component of the EEG signal
f(t) at 10 frequency [err] can be calculated as follows: [err] The output
values of the integrators 160 and 162 at the end of each period of the
frequency [err] will be held in the sample and hold circuits 172 and 174
for conversion to digital from in the converter 184 and for 20  transfer to
the microcomputer 12 for averaging over the required number of cycles
indicated in Table 1. The averaged outputs of circuits 172 and 174 are then
squared, summed and the square root obtained to determine the value [err].
For instance at [err] = 4Hz, there are 80 cycles whereby the value of [err]
is averaged over these 80 cycles thus yielding a reasonably accurate result
in a relatively short time. The other selected frequencies F2 and [err] in
the group are processed in a similar manner, the outputs 26 of sample and
hold circuits 176 and 178 being relevant to frequency F2 and the outputs of
sample and hold circuits 180 and 182 being relevant to frequency [err]. The
use of the multiplexer 186 under control of the microcomputer 12 enables a
single analogue to digital converter 184 to be utilized. Thus the average
values [err] and [err] of the frequency components at the frequencies [err]
and [err] can be calculated and stored in the microprocessor 12. The stored
30 information can then be transferred to the computer 20 and used to
provide graphical output in the format as shown for instance in Figure 3A
or Figure 3D. If required, the phase change can also be computed for
generating an output display of the type shown in Figure 3B. The phase
difference can be calculated using the following formula: 36 [err] 40 where
46 and 55    N =    number of cycles at [err] over which integration takes
place It will be appreciated that the coefficients [err] and [err] are
directly related to the outputs of the sample 



and hold circuits 172 and 174 and are therefore readily available for
determination and subsequent processing. 7    EP0269 621 B1 Similarly, the
phase response for the frequencies F2 and Fa can be obtained from the
sample and hold circuits 176, 178 and 180, 182 respectively. The circuit of
Figure 10 is particularly suitable in the arrangement of the invention
because the analogue integrators 160-170 enable very rapid and accurate
computation of the required integrals. The remaining 5 mathematical
processing is however most conveniently done in digital form in the
computers 12 and 20, it being largely a matter of convenience where the
computations are performed. Figure 11 illustrates in more detail the
amplifier 144 and filter 146. The amplifier 144 comprises a precision
instrumentation differential amplifier (AMP-01) the negative input 188 of
which is connected to the electrodes 8 and 10 connected to the ear of the
subject. The positive input 190 is connected to the 10 electrode 6 at the
central occipital site and the ground input 192 is connected to the
electrode 4 at the forehead of the subject. The inputs 188 and 190 include
coupling capacitors 194 to filter out very low frequency components say
below 1 Hz and can thus be regarded as part of the filter 146. Output from
the amplifier 144 passes to a resistance-capacitance network which
comprises the remainder of the filter 146 and operates to attenuate
frequencies above say 100 Hz. Output from the filter 146 is then amplified
in a 15 pair of amplifiers 196 and 198, the latter including a DC offset
network 200 for adjustment of the DC output level of the amplifier 198. The
output of the amplifier 198 is coupled to the input of a further amplifier
202 via an optocoupler 204. The optical coupling is particularly important
because the amplifier 144 is directly coupled to the head of the subject
via the EEG electrodes and for safety reasons it is important to use a
battery for the power supply for the amplifiers 144, 196 and 198. The use
of the optocoupler 204 ensures 20 that these components are not
electrically connected with the remainder of the circuit which can be
powered from a mains supply. It follows that should there be any equipment
malfunction, there is very little likelihood of excessively high voltages
or currents being applied to the subject. Figure 12 shows in more detail a
circuit realization for the arrangement shown in Figure 10. Output from the
amplifier 202 is applied to input line 206 which is connected to the
reference inputs of the multiplying 25 digital to analogue converters 148
and 140 which may comprise type 7520 circuits. The converter 148 receives
the sine signal on lines 64 from the ROM 58 whereas the converter 150
receives the cosine signal on lines 74 from the same ROM. The converters
148 and 150 thus produce products in analogue form proportional to the EEG
signal multiplied by the sine and cosine functions at reference frequency
[err]. The output from the converter 148 passes to the input of the
integrator 160 which comprises a TL 072 amplifier 30 having an input
resistor 208 and feedback capacitor 210 so that the amplifier functions as
an analogue integrator in the usual way. The capacitor 210 is bridged by an
analogue switch 212, which is of type 4066, and receives control signals on
control line 76a from the ROM 58. The waveform of the control signal on the
line 76a is represented by waveform 214 in Figure 13D. The waveform 214
closes the switch 212 which results in rapid discharging of the capacitor
210 at or just after the zero crossings of the reference 35 frequency [err]
which is represented by waveform 216 in Figure 13A. The sample and hold
circuit 172 is controlled to hold the value of the integrator just prior to
its being discharged on closing of the switch 212. This is effected by
control signals on control line 76b which have the waveform 218, as shown
in Figure 13E. Figures 13F and 13G show the sequence of the control signals
on lines 76a and 76b respectively on an expanded time scale. It will be
seen that the negative going pulse 220 which actuates the sample and 40
hold circuit 172 occurs prior to the positive going pulse 222 which causes
closure of the switch 212. When the sample and hold circuit 172 receives
the leading edge of the pulse 220 it causes the circuit 172 to track the
output of the integrator and the trailing edge triggers the start of the
holding cycle. Figure 13B illustrates a typical output waveform 224 of the
integrator 160 and Figure 13C shows a typical output waveform 226 of the
sample and hold circuit 172. It will be observed in the waveform 226 that
the tracking period occurs just 45 prior to the zero crossings of the
reference frequency [err]. Thus, the output waveform 226 of the circuit 172
during each cycle of the reference frequency [err] represents the value of
the integral at the output of the 



integrator 160 at the end of each cycle. An analogous waveform is obtained
at the output of the sample and hold circuit 174 for the cosine product
integral. The outputs from the circuits 172 and 174 are connected to the
multiplexer 186 via lines 175 and 177 for processing as described
previously. Similar circuitry is also so provided for the reference
frequencies F2 and [err] so as to enable simultaneous processing of three
reference frequencies. Figure 14 illustrates schematically one
configuration for the microcomputer 12. It comprises a 6082 series CPU 228,
two 2732 PROM's 230 and 232, and a 6116 RAM 234. The circuit includes a
selector 336 for providing address decode information for the frequency
multipliers 40, 42 and 44 i.e. data for the latch 55  104 shown in Figure 5
in relation to reference frequency [err]. The circuit includes three
input/output units 338, 340 and 342 for providing communication with the
components in the stimulus generator 14 and analyser 18. The circuit
includes an RS 232 interface connector 344 for coupling to the general
purpose microcomputer 20. 8    EP 0 269 621 B1 Figure 15 shows in
diagrammatic form three flip flops 346, 348 and 350 used to flag various
service requests required for the operation of the stimulus generator 14
and analyser 18. The outputs of the flip flops are inputted to the
input/output unit 340 via lines 352 and 354, as seen in Figure 14. The
principles of the invention disclosed herein are applicable to other
sensory organs such as the ears - 5   of a subject so as to enable
assessment of consciousness of the subject. Claims 1. A method of testing
anaesthetic depth or consciousness of a subject (2) comprising the steps of
10     applying a stimulus signal (216) to a sensory organ of a subject and
obtaining an electroencephalog- raphic (EEG) signal from the subject whilst
said stimulus signal is being applied, and analysing the EEG signal as an
indication of the anaesthetic depth or consciousness of the subject,
characterised in that the intensity of the stimulus signal is modulated,
the modulation occurring according to a frequency regime, which comprises a
plurality of simultaneously present and different predetermined frequency
15     components [err] and the analysis of the EEC signal is carried out
to determine the magnitude or magnitude and phase of the respective
components in the EEG signal having the same frequencies as the plurality
of different predetermined frequency components, and in that the
anaesthetic depth or consciousness of the subject is assessed with
reference to said magnitude or magnitude and phase of the components. 20 2.
A method as claimed in claim 1 including the step of obtaining a normal
response (22, 32) for the subject by obtaining a normal
electroencephalographic (EEG) signal from the subject prior to admin-
istering anaesthetic to the subject, and wherein said step of assessing the
anaesthetic depth or consciousness includes the step of comparing the first
mentioned EEG signal with said normal EEG 25     signal. 3. A method as
claimed in claim 2 including the step of graphically displaying said EEG
signals or a ratio thereof (30). 30 4. A method as claimed in any preceding
claim wherein said stimulus signal comprises electromagnetic radiation. 5.
A method as claimed in claim 4 wherein the radiation comprises visible red
radiation. 35  6. A method as claimed in any one of the preceding claims
wherein the predetermined frequency or frequencies are each in the range
from 4 to 72 Hz. 7. A method as claimed in claim 5 or 6 wherein said red
radiation is directed at the eye or eyes of the subject through closed
eyelids. 40 8. A method as claimed in claim 1 or 2 wherein the EEG signal
from the subject is separately multiplied by the sine and cosine of each
frequency component [err] of the stimulus signal and then integrated as a
function of time, and the magnitude [err] of the EEG signal at frequency
[err] is determined by performing 



the following calculation: 45 [err] 9. A method as claimed in claim 8
wherein the steps of multiplying by the sine and cosine of each frequency
and the integration are performed in analogue form. 50 10. Apparatus for
testing consciousness of a subject, said apparatus comprising generator
means (14) for generating a stimulus signal, coupling means (16) for
coupling the stimulus signal to a sensory organ of the subject, EEG
electrodes (4, 6, 8, 10) for deriving an EEG signal from the subject whilst
said stimulus signal is being applied and analysis means (18) for analysing
the EEG signal as an indication 55     of the anaesthetic depth or
consciousness of the subject, characterised in that the intensity of the
stimulus signal is modulated according to a frequency regime which
comprises a plurality of predeter- mined frequency components [err] which
are, in use, simultaneously applied to the subject and the analysis means
(18) determines the magnitude or magnitude and phase of the respective 9
EP 0 269 621 B1 Figure 15 shows in diagrammatic form three flip flops 346,
348 and 350 used to flag various service requests required for the
operation of the stimulus generator 14 and analyser 18. The outputs of the
flip flops are inputted to the input/output unit 340 via lines 352 and 354,
as seen in Figure 14. The principles of the invention disclosed herein are
applicable to other sensory organs such as the ears 5 of a subject so as to
enable assessment of consciousness of the subject. Claims 1. A method of
testing anaesthetic depth or consciousness of a subject (2) comprising the
steps of 10     applying a stimulus signal (216) to a sensory organ of a
subject and obtaining an electroencephalog- raphic (EEG) signal from the
subject whilst said stimulus signal is being applied, and analysing the EEG
signal as an indication of the anaesthetic depth or consciousness of the
subject, characterised in that the intensity of the stimulus signal is
modulated, the modulation occurring according to a frequency regime, which
comprises a plurality of simultaneously present and different predetermined
frequency 15     components [err] and the analysis of the EEC signal is
carried out to determine the magnitude or magnitude and phase of the
respective components in the EEG signal having the same frequencies as the
plurality of different predetermined frequency components, and in that the
anaesthetic depth or consciousness of the subject is assessed with
reference to said magnitude or magnitude and phase of the components. 20 2.
A method as claimed in claim 1 including the step of obtaining a normal
response (22, 32) for the subject by obtaining a normal
electroencephalographic (EEG) signal from the subject prior to admin-
istering anaesthetic to the subject, and wherein said step of assessing the
anaesthetic depth or consciousness includes the step of comparing the first
mentioned EEG signal with said normal EEG 25     signal. 3.  A method as
claimed in claim 2 including the step of graphically displaying said EEG
signals or a ratio thereof (30). so  4. A method as claimed in any
preceding claim wherein said stimulus signal comprises electromagnetic
radiation. 5. A method as claimed in claim 4 wherein the radiation
comprises visible red radiation. 35  6. A method as claimed in any one of
the preceding claims wherein the predetermined frequency or frequencies are
each in the range from 4 to 72 Hz. 7. A method as claimed in claim 5 or 6
wherein said red radiation is directed at the eye or eyes of the subject
through closed eyelids. 40 8. A method as claimed in claim 1 or 2 wherein
the EEG signal from the subject is separately multiplied 



by the sine and cosine of each frequency component [err] of the stimulus
signal and then integrated as a function of time, and the magnitude [err]
of the EEG signal at frequency [err] is determined by performing the
following calculation: 45 [err] 9. A method as claimed in claim 8 wherein
the steps of multiplying by the sine and cosine of each frequency and the
integration are performed in analogue form. 50 10. Apparatus for testing
consciousness of a subject, said apparatus comprising generator means (14)
for generating a stimulus signal, coupling means (16) for coupling the
stimulus signal to a sensory organ of the subject, EEG electrodes (4, 6, 8,
10) for deriving an EEG signal from the subject whilst said stimulus signal
is being applied and analysis means (18) for analysing the EEG signal as an
indication 55     of the anaesthetic depth or consciousness of the subject,
characterised in that the intensity of the stimulus signal is modulated
according to a frequency regime which comprises a plurality of predeter-
mined frequency components [err] which are, in use, simultaneously applied
to the subject and the analysis means (18) determines the magnitude or
magnitude and phase of the respective    EP 0 269 621 B1 components of the
EEG signal to provide said indication. 11. Apparatus as claimed in claim 10
wherein the analysis means includes a plurality of multiplier circuits
(148-158) for separately multiplying the EEG signal by the sine and cosine
of each predetermined 5     frequency component [err] of the stimulus
signal, and a plurality of integrator circuits (160-170) for integrating
the outputs of the multiplier circuits. 12. Apparatus as claimed in claim
11 wherein the outputs of the integrator circuits are coupled to inputs of
respective sample and hold circuits (172-182) which hold the output values
of the integrator circuits at 10    the end of each period of each
predetermined frequency component [err] of the stimulus signal. 13.
Apparatus as claimed in claim 12 wherein the outputs of the sample and hold
circuits are averaged over a preselected number of cycles to obtain average
values of sine and cosine integrals at each frequency component and wherein
the frequency discriminating means includes an arithmetic unit (12) 15
for calculating the magnitude [err] of the EEG signal at frequency [err] by
taking the square root of the sum of the squares of the respective average
values at each frequency component [err]. 14. Apparatus as claimed in claim
13 including a multiplexer (186) and an analogue to digital converter (184)
and wherein the outputs of the sample and hold circuits are coupled to the
converter via the 20    multiplexer and wherein said arithmetic unit
performs its operations in digital form. 15. Apparatus as claimed in any
one of claims 10 to 14 wherein the coupling means comprises an LED array
(16) for applying intensity modulated visible red signals to the eye or
eyes of the subject through his closed eyelid or eyelids. 25 16. Apparatus
as claimed in claim 15 wherein the generator means includes an intensity
control circuit (90) which regulates the peak intensity of light emitted
from the LED array, said intensity control circuit including a control LED
(132) output from which provides negative feedback for controlling driving
current to the LED array. 30 17. Apparatus as claimed in claim 15 or 16
wherein the LED array is coupled to the intensity control circuit via an
optocoupler. 18. Apparatus as claimed in claim 17 wherein the LED array is
located within a shielding screen (138, 140). 35 19. Apparatus as claimed
in any one of claims 15 to 18 wherein the LED array is in two portions
which overlie in use respective eyes of the subject. 20. Apparatus as
claimed in claim 19 wherein said portions are mounted on goggles or a
spectacle frame. 40 



Revendlcations 1. Proc"dt pour contriler le degr4 d'anesthesie ou de
conscience d'un sujet (2), comprenant les 4tapes consistant a appliquer un
signal de stimulus (216) a un organe sensoriel d'un sujet et obtenir un
signal 45     4lectroencephalographlque (EEG) & partir du sujet, lorsque
ledit signal de stimulus est appliqu6, et analyser le signal EEG en tant
qu'indication du dogrd d'anesthdsie ou de conscience du sujet, caract6ris4
en ce que l'intensit6 du signal de stimulus est modul6, la modulation
s'effectuant en fonction d'un regime de frdquences qui comprend plusleurs
composantes (FI, F2,Fs) de fr6quences pr~ddtermin~es simultandment
prdsentes et diffdrentes et l'analyse du signal EEG est ex~cutee pour 50
determiner l'amplitude ou l'amplitude et la phase des composantes
respectives dans le signal EEG, qui possbdent les mOrnes frdquences que la
pluralit6 de composantes de frdquences preddtermin~es diffdrentes, et en ce
que le degr6 d'anesth6sie ou de conscience du sujet est 4valu4 par
rdfdrence A ladite amplitude ou A ladite amplitude et & ladite phase des
composantes. 5s 2. Proced4 selon la revendication 1, comprenant l'tape
consistant a obtenir une rdponse normale (22,32) pour le sujet au moyen de
l'obtention d'un signal 6lectroencdphalographique (EEG) & partir du suiet,
avant d'administrer un anesth6sique au sujet, et selon lequel ladite dtape
devaluation du degrd d'anesthesie ou de conscience inclut l'4tape
consistant a comparer le premier signal EEG mentionn4 10    EP 0 269 621 Bi
I IhIIj IIIj III 11111 II II i* C   L   M   S * audit signal EEG normal. &
Procedd solon la revendication 2, incluant I'6tape consistant a afficher
graphiquement lesdits signaux EEG ou un rapport (30) de ces signaux. 5 sJ
4. Proc~dd solon l'une quelconque des revendications precddentes, solon
loquel ledit signal de stimulus comprend un rayonnement electromagnetique.
5. Procdd6 selon la revendication 4, solon lequel le rayonnement comprend
un rayonnement rouge 10     visible. 6. Procede solon l'une quelconque des
revendications prdc~dentes, solon lequel la ou les frequences
pr6detormindes so situent chacune dans la gamme allant de 4 a 72 Hz. 15 7.
Proced6 solon la revendication 5 ou 6, solon lequel ledit rayonnoment rouge
est dirigd vers l'oeil ou les yeux du sujot, a travers les paupibres
fermdes de ce demier. 8. Proc~dd solon la revendication 1 ou 2, solon
lequel le signal EEG 6manant du sujet est multipli6 sdpardment par le sinus
et le cosinus de chaque composante de frdquence fn du signal de stimulus,
sS  20     puis est intdgrd en fonction du temps, et l'amplitude Mr du
signal EEG a la frdquence fn est d6tormin~e au moyen du calcul suivant: Mn
=  Tfl EGG.sin2wff.dt2 T +P EEG.0os2Tfn.Wd 25 9. Procedd solon la
revendication 8, salon lequel les 4tapes de multiplication par le sinus et
le cosinus de chaque frdquence et l'int6gration sont ex6cuteos sous forme
analogique. 30 10. Dispositif pour contr8ler l'etat de conscience d'un
sujot, ledit dispositif compronant des moyens formant gdnerateurs (14)
servant a produire un signal de stimulus, des moyens de couplage (16) pour
coupler le signal de stimulus a un organe sensoriol du sujot, des
dlectrodes EEG (4,6,8,10) pour obtenir un signal EEG a partir du sujot
alors que le signal de stimulus est appliqud, et des moyens d'analyse (18)
pour analyser le signal EEG en tant qu'indication du degr6 d'anesfthsie ou
de conscience du 35     sujot, caract6risd en co quo l'intensitd du signal
de stimulus est moduleo en fonction d'un regime de frequences qui comprend
plusiours composantes de frdquences preddtermin6es (Fi ,F21,F3), qui, en
cours d'utilisation, sont appliqudes simultan~ment au sujet, et les moyons
d'analyse (18) ddterminent l'amplitude ou l'amplitude et la phase des
composantes respectives du signal EEG de manibre & delivrer ladite
indication. 40 



11. Dispositif solon la revendication 10, dans lequel les moyens d'analyse
comprennent plusieurs circuits multiplicateurs (148-158) pour multiplier
separement le signal EEG par le sinus et le cosinus de chaque composante de
frdquence pr~ddtermineo f, du signal de stimulus, et plusieurs circuits
integrateurs (160-170) pour integrer les signaux de sortie des circuits
multiplicateurs. 45 12. Dispositif solon la revendication 11, dans lequel
les sorties des circuits intdgrateurs sont coupl~es a des entr6es de
circuits respectifs d'dchantillonnage et de blocage (172-182), qui
maintionnent les valeurs de sortie des circuits integrateurs a la fin de
chaque p~riode de chaque composante de frdquence prdd6termin~o fn du signal
de stimulus. 50 13. Dispositif solon la revendication 12, dans loquel la
moyenne des signaux de sortie des circuits d'4chantillonnage et de blocage
est form6e sur un nombre prdsdlectionnd de cycles pour l'obtention de
valeurs moyennes des intfgrales du sinus et du cosinus pour chaque
composante de frequence, et dans loquel les moyens discriminateurs de
frdquence comprennent une unite arithmmtique (12) pour 55     calculer
l'amplitude Mn du signal EEG & la frequence fn par formation de la racine
carrde de la somme des carres des valeurs moyennes respectives de chaque
composante de frequence f%. 14. Dispositif solon la revendication  13,
comprenant un multiplexeur (186) et un convertisseur 11    EP 0 269 621 BI
I lIII1   11111 11111 Ii I!II * C   L   M   S analogiquelnum~rique (184),
et dans lequel les sorties des circuits d'4chantillonnage et de blocage
sont coupl~es au convertisseur par l'intermediaire du multiplexeur, et dans
lequel ladite unit6 arithm6tique execute ses operations sous forme
numerique. 5  15. Dispositif selon lune quelconque des revendications 10 a
14, dans lequel les moyens de couplage comprennent un rdseau de diodes LED
(16) servant & appliquer des signaux rouges visibles, a intensit4 modul6e,
a l'oeil ou aux yeux du suiet, a travers sa ou ses paupieres ferm~es. 16.
Dispositif selon la revendication 15, dans lequel les moyens formant
gdndrateurs comprennent un 10     circuit (90) de commande de l'intensite,
qui rbgle l'intensite maximale de la lumibre 6mise par le r~seau de diodes
LED, ledit circuit de commande de l'intensite comprenant une diode LED de
commands (132), dont la sortie produit une contre-reaction pour la commande
du courant de commande jusqu'au reseau de diodes LED. 15 17. Dispositif
selon la revendication 15 ou 16, dans lequel le r~seau de diodes LED eat
coupid au circuit de commande de l'intensite par l'intermddiaire d'un
optocoupleur. 1& Dispositif selon la revendication 17, dans lequel le
rsseau de diodes LED est situ6 a l'intdrieur d'un 6cran protecteur
(138,140). >.20 19. Dispositif selon l'une quelconque des revendications 15
a 18, dans lequel le reseau de diodes LED est subdivise en deux parties,
qui so chevauchent en utilisation sur les veux respectifs du sujet. 20.
Dispositif selon la revendication 19, dans lequel lesdites parties sont
montees sur des lunettes ou sur 26     une monture de lunettes.
PatentansprUche 1. Verfahren zum Testen der Narkosetiefe oder des
BewuBtseins eines Untersuchungsobjekts(2) mit 90     folgenden Schritten:
Anlegen eines Reizsignals (216) an ein Sinnesorgan eines
Untersuchungsobjskts und Gewinnen eines Elektroenzephalographischen Signals
(EEG) von dem Untersuchungsobjekt wahrend das Relzsi- gnal angelegt wird,
und Analysieren des EEG-Signals als Indikator ftr die Narkosetiefe odor das
BewuBtsein des Untersu- 95     chungsobjekts, dadurch gekennzeichnet, daB
die Intensitit des Reizsignals moduliert wird, wobei die Modulation
entsprechend einem 



Frequenzbereich auftritt, der eine Vieizahl von gleichzeitig vorhandenen,
unterschiedlichen, vorbestimm- ten Frequenzkomponenten (Fl, F2, F3)
beinhaltet, und die Analyse des EEG-Signals unter Bestimmung 40     der
GrdBe oder der GroBe und Phase der entsprechenden Komponenten in dem
EEG-Signal mit den gleichen Frequenzen wie die Vielzahl unterschiedlicher
vorbestimmter Frequenzkomponenten durchge- fUhrt wird, und daBi die
Narkosetiefe oder das BewuOtsein des Untersuchungsobjekts unter Bezug auf
die genannte GroBe odor die GroBe und Phase der Komponenten eingeschaktz
wird. 45 2. Verfahren nach Anspruch 1, mit einem Schritt zur Gewinnung
einer normalen Reaktion (22, 32) des Untersuchungsobjekts durch Gewinnen
eines normalen Elektroenzephalographischen Signals (EEG) von dem
Untersuchungsobjekt vor dem Verabreichen von Anasthetikum an das
Untersuchungsobjekt, wobei der Schritt des Einschatzens der Narkosetiefe
oder des BowuBtseins den Vergleichsschritt des zuerst so     genannten
EEG-Signals mit dem genannten normalen EEG-Signal umfalt. 3. Verfahren nach
Anspruch 2 mit einem Schritt zur graphischen Abbildung der EEG-Signale oder
ihres Verhaltnisses (30). 55 4. Verfahren nach einem der vorhergehenden
AnsprUche, wobei das Reizsignal eine elektromagnetische Strahlung
beinhaltet. 5. Verfahren nach Anspruch 4, wobei die Strahlung sichtbare
rote Strahlung beinhaltet. 12    EIR u 269 621 B1                       !pk
cil 111 M  5,ill 6. Verfahren nach einem der vorhergehenden AnsprUche wobei
die vorbestimmte Frequenz bzw. Fre- quenzen jeweils im Bereich von 4 bis 72
Hz liegen. 7. Verfahren nach Anspruch 5 oder 6, wobel die genannte rote
Strahlung auf das Auge bzw. die Augen 5      des Untersuchungsobjekts durch
geschlossene Augenlieder gerichtet lst. &  Verfahren nach Anspruch 1 oder
2, wobel das EEG-Signal des Untersuchungsobjekts getrennt mit dem Sinus und
Cosinus jeder Frequenzkomponente fn des Reizsignals multipliziert und dann
als Funktion der Zeit integriert wird und wobei die GroBe Mn des
EEG-Signals bei der Frequenz fn mittels der 10    folgenden Berechnung
bestimmt wird: 9. Verfahren nach Anspruch 8, wobei die Schritte des
Multiplizierens mit dem Sinus und dem Cosinus jeder Frequenz und die
Integration in analoger Form durchgeflhrt werden. 15 10. Vorrichtung zum
Testen des BewuBtseins eines Untersuchungsobjekts, mit einer
Generatoreinrichtung (14) zur Erzeugung eines Reizsignals, einer
Koppeleinrichtung (16) zum Koppeln des Reizsignals auf ein Sinnesorgan des
Untersu- chungsobjelcts, EEG-Elektroden (4, 6, 8, 10) zum Gewinnen eines
EEG-Signals von dem Untersuchungsobjekt    20     wahrend das Reizsignal
angelegt wird, und einer Analysiereinrichtung (18) zum Analysieren des
EEG-Signals als Indikator fUr die Narkosetiefe oder das Bewuftsein des
Untersuchungsobjekts, dadurch gakennzeichnet, daB die Intensitat des
Reizsignals entsprechend einem Frequenzbereich moduliert wird, der eine 25
VieIzahl von vorbestimmten Frequenzkomponenten (F1, F2, F3) umfaBt, die im
Gebrauch gleichzeitig an das Untersuchungsobjekt angelegt werden, und daB
die Analysiereinrichtung (18) die GroBe oder die GroBe und Phase der
entsprechenden Komponenten des EEG-Signals bestimmt, um den genannten
Indikator zu liefern. 3s  11. Vorrichtung nach Anspruch 10, wobem die
Analysiereinrichtung eine Vielzahl von Multiplizierschaltungen (148-158),
umr das EEG-Signal mit dem Sinus und Cosinus jeder vorbestimmten
Frequenzkomponente fn des Reizsignals getrennt zu multiplizieren, und eine
Vielzahl von Integratorschaltungen (160-170) zur Integration der
Ausgangssignale der Multlplizierschaltungen umfalt. 35 12. Vorrichtung nach
Anspruch 11, wobei die Ausgange der Integratorschaltungen mit EingIngen von
entsprechenden Abtast-Halte-Schaltungen (172-182) verbunden sind, die am
Ende jeder Periode fUr 



jede vorbestimmte Frequenzkomponente fn des Reizsignals die Ausgangswerte
der Integratorschaltun- gen festhalten. 40  1& Vorrichtung nach Anspruch
12, wobei die Ausgange der Abtast-Halte-Schaltungen Uber eine vorgewahl- te
Zahl von Zyklen gemittelt werden, um Mittelwerte von Sinus- und
Cosinusintegralen far jede Frequenzkomponente zu gewinnen und wobei die
Frequenzdiskriminatoreinrichtung eine Arithmetikein- helt (12) zur
Berechnung der GroBe (Mn) das EEG-Signals der Frequenz fn durch Ziehen der
Quadratwurzel der Summe der Quadrate der entsprechenden Mittelwerte bei
jeder Frequenzkomponen- 45     te fn beinhaltet. 14. Vorrichtung nach
Anspruch 13 mit einem Multiplexer (186) und einern
Analog-zu-Digital-Umwandler (184), wobel die Ausgange der
Abtast-Halte-Schaltungen mit dem Umwandler Ober den Multiplexer verbunden
sind und wobei die Arithmetikeinheit ihre Operationen in digitaler Form
durchlfhrt. 50 15. Vorrichtung nach einem der AnsprUche 10 bis 14, wobei
die Koppeleinrichtung ein LED-Feld (16) zum Anlegen intensitatsmodullerter,
sichtbarer, roter Signale an das Auge bzw. die Augen des Untersu-
chungsobjekts durch dessen geschlossenes Augenlied bzw. Augenlieder umfast.
55 16. Vorrichtung nach Anspruch 15, wobei die Generatoreinrichtung eine
Intensitats-Steuerschaltung (90) umfaft, die die Spitzen-IntensitAt des von
dem LED-Feld emittierten Lichts reguliert und einen Ausgang einer
Kontroll-LED (132) aufweist, von dem aus eine negative RUckkopplung zur
Steuerung des Treiberstroms des LED-Felds vorgesehen ist. 13    EP O 269
621 Bi                            I I!III 11111] III  1III * c   L       s
17. Vorrichtung nach Anspruch 15 odor 18, wobei das LED-Feld mit der
Intensitats-Steuerschaltung Ober eonen Optokopler verbunden ist. 18.
Vorrichtung nach Anspruch 17, wobei das LED-Feld innerhalb einer
Abschirmung (138, 140) angeordnet eist. 19. Vorrichtung nach einem der
AnsprOche 15 bis 18, wobei das LED-Feld zwei Bereiche aufweist, die in
Gebrauch Uber den entsprechenden Augen des Untersuchungsobjekts liegen. 1o
20. Vorrichtung nach Anspruch 19, wobei die genannten Bereiche auf einer
Brille odor einem Brillengestell angebracht sind. 15 25 30 35 40 45 50 55
14    


