
'   2201 245 METHOD OF AND APPARATUS FOR TESTING BREATH ALCOHOL The present
invention has application to breath alcohol testing devices. Such devices
equipped with fuel cells are described in U. S. Patent No. 4,487,055. In
breath alcohol testing 5 devices presently used commercially, in which fuel
cells are employed, the conventional way of determining breath alcohol is
to measure a peak voltage across a resistor due to the flow of electrons
obtained from the oxidation of breath alcohol on the surface of the fuel
cell.  There are 10 a number of problems. The peaks become lower with
repeated use of the fuel cell. The peaks vary with different tem-
peratures. In order to produce a high peak, it is custom- ary to put across
the output terminals of the fuel cell a high external resistance, on the
order of a thousand ohms, 15 but the use of such a high resistance produces
a voltage curve which goes to the peak and remains on a high plateau for an
unacceptably long time. To overcome that problem, present systems provide
for shorting the terminals, which drops the voltage to zero while the short
is across the 20 terminals. However, it is still necessary to let the cell
recover, because if the short is removed in leas than one- half to two
minutes after the initial peak time, for exam- ple, the voltage creeps up.
Peak values for the same con- centration of alcohol decline with repeated
use whether the 25 terminals are shorted or not, and require 15-25 hours to
recover to their original values. The individual fuel cells differ in their
charac- teristics. All of them slump with repeated use in quick succession
and also after a few hours' time of non-use. 



30 They degrade over time, and in the systems used heretofore,    2 must be
re-calibrated frequently. Eventually, they degrade to the place at which
they must be replaced. Presently, the cell is replaced when it peaks too
slowly or when the output at the peak declines beyond practical
re-calibration, or when the background voltage begins creeping excessively
after the short is removed from the cell terminals. The object of the
present invention is to provide apparatus and method that provide a measure
of breath alcohol that is largely independent of the value of the peak
voltage. The present invention provides the method of measuring breath
alcohol concentration in which a breath sample is introduced to a fuel
cell, and means are provided for measuring the flow of electrons from said
fuel cell resulting from oxidation of said breath alcohol, said flow rate
rising to a peak and thereafter falling to a substantially steady minimum
base to form a curve, comprising integrating the entire area under the
curve in the period between the beginning of oxidation and the reaching by
the voltage of said substantially steady minimum, and generating an
intelligible signal representing alcohol content of the breath sample as a
function of said area. The present invention also provides apparatus for
measuring breath alcohol content by oxidizing breath alcohol in a fuel cell
having output terminals across 



which a voltage is generated, said voltage rising in    -3- response to the
presence of  alcohol in a breath sample in contact with said fuel cell and
falling again to a base level, to establish a voltage time curve,
comprising means for integrating the entire area under said curve from the
5 inception of the rise in voltage to its reaching of said base level, and
means for displaying a number indicating breath alcohol content as a
function of said area. The preferred method includes a step of establish-
ing a base line output of the cell (if any) and electroni- 10 cally
subtracting the area representing that output, over the measuring time
during the oxidation process, from the area under the alcohol curve during
that measuring period. The method and device of this invention require no
recovery time beyond the period of measurement. 15          In the
drawings: Figure 1 is a circuit diagram showing one illustra- tive
embodiment of the circuit of this invention; Figure 2 is a graph showing
the curve of voltage produced by the circuit of Figure 1; 20
Figure 3 is a graph showing the curve of voltage produced by conventional
fuel cell breath alcohol testing equipment, unshorted through a period of
150 seconds; and Figure 4 is a graph showing the voltage output from the
fuel cell of the conventional breath tester shorted out 25 after
approximately one minute following the beginning of oxi- dation,
illustrating the subsequent rise when the short is removed and replaced at
about 5 second intervals following 



the initial shorting. Referring now to the drawing, and particularly to 30
Figure 1, for a circuit illustrating one embodiment of appa- ratus of this
invention, reference numeral 1 indicates a fuel cell with output terminals
2 and 3. A resistor 4 is con- nected across the terminals 2 and 3. This
resistor, which, in this embodiment, has a resistance of 1.6 ohms, is one
35 method of implementing the present invention.  In convention- al breath
testers, the value of this resistor is in the range of 300 to 1,000 ohms.
Terminal 2 is connected, through a    -4- resistor 5, to the positive input
of an operational  ampli- fier (op amp) 10. The output terminal 3 is
connected to a common or ground 11. The negative input of the op-amp is
connected to ground 11 through a resistor 6, in the illus- 5 tration a 330
ohm resistor, and to the output terminal 20 of the op-amp through a
resistor 16, in the illustration a 330 K ohm resistor, thus providing a
negative feedback loop with a gain of approximately 1000 for slowly varying
signals. The output terminal 20 is connected through a load resistor 10
24, to the common 11 and, by way of a conductor 21, to a time-based analog
to digital converter 27. The A-D conver- ter is electrically connected to
an integrator 29 from which a display signal is derived. As in the
conventional circuit exemplified by the 15  circuit shown in Figure 1 of
patent 4,487,055, the opera- tional amplifier 10 is electrically connected
to a battery or other power supply, not here shown. However, in the cir-
cuit shown in Figure 1, no thermistor is connected to the 



operational amplifier 10. 20           As is indicated in the drawing, but
merely  for il- lustration of one workable circuit, the value of each of
the resistors 5 and 6 is 330 ohms, of the resistor 16, 330 thousand ohms,
and of the resistor 24, 20 thousand ohms. The capacitor 17 is rated at 1.0
microfarad, and the capacitor 25  25, at 4.7 microfarads.  Both capacitors
serve to smoothe the curve. The signal out terminals in the conventional
circuit are electrically connected to an indicating device which dis- plays
a figure indicating percentage of breath alcohol as a function of the peak
voltage generated by the fuel cell. In 30  the present invention, the
figure indicating percentage of breath alcohol is a function of the total
area under the curve during a predetermined period between the beginning of
the oxidation process and the return of the voltage to a substantially
steady minimum state, as generated by the in- 35 tegrator 29. In practicing
the method of this invention on the device described, the device is first
calibrated by using a    -5- standard, because every fuel cell is likely to
have slight- ly different characteristics. The integral obtained must be
divided by a factor so that the result displayed is the blood alcohol
equivalent of the breath standard used. The 5 various methods of
calculating and applying this factor will be obvious to those skilled in
the art. In the present example, the time to reach peak is measured by the
device, multiplied by 12, and the integration termi- nated at the end of
the time period thus calculated. Alter- 



10 natively, the display in the present method could be trig- gered by the
end of a predetermined time or on the reaching by the voltage of a
substantially steady, but minimum state. With either the standard or a
breath sample, a base voltage is determined during the two or three seconds
15 before the alcohol sample is taken into the fuel cell. This technique is
conventional. The area under the curve as shown in Figure 2 is then
integrated over a period of time long enough to ensure that the voltage has
dropped to a sub- stantially constant minimum level. The area attributable
to 20 the base voltage is electronically subtracted from the total area. A
somewhat more sophisticated method involves measur- ing the background at
the beginning and end of the integra- tion period and using an average of
the two readings in the subtraction process. The measuring time will
largely be 25 determined by the value of the resistor 4.  In the illustra-
tive embodiment shown, it will be less than 75 seconds.  It is unnecessary
to short the terminals of the fuel cell, and a second test can be run
immediately.  The measuring time is preferably on the order of 8 to 15
times the length of time 30 required for the voltage to peak. It can be
seen that, once calibrated, the device will give an accurate measure of the
total alcohol content of the sample regardless of the initial height of the
peak or the shape of the curve, so long as it reaches the sub- 35
stantially steady minimum state. Accordingly, variations in peak height as
a result of repeated use or degradation of the fuel cell or as a result of
different temperatures will have    no effect upon the accuracy of the
alcohol determination. 



In practice, with degradation of the cell over time, the effect is to
lengthen the time within which the measurement is to be taken.  If a
measurement time of 90 seconds, for example, is taken as the longest
practical time limit in field use, then the cell can be used for a long
time without being replaced. If there is any question of calibration, the
device can be tested against an alcohol standard. As is suggested by Figure
3, in the absence of shorting, the cell required 10 or 15 minutes to tail
off. Even with the shorting process, the tailing off requires about 150
seconds, and the problem of the variations in the height of the peak, which
is conventionally what is measured, remains. Numerous variations in the
construction of the apparatus and the practice of the method of this
invention will occur to those skilled in the art in the light of the
foregoing disclosure.  Merely by way of illustration and not of limitation,
the resistance of the resistor between the fuel cell output terminals can
be increased or decreased somewhat from the value shown but will always be
low as compared with the conventional fuel cell breath analyzer, in which
the external resistance between the terminals is between 300 and 1,000
ohms. The time in which the measurement is to be taken can be varied and
will be varied with the amount of resistance across the fuel cell output
terminals and with different characteristics of specific fuel cells.  The
reading of the detector can be triggered by the reaching of the
substantially steady minimum voltage, by a comparator system.  The
integration can be performed in alternate ways, such as using the amplifier
output to charge a 



capacitor and terminating the integration when the voltage on the capacitor
reaches a steady maximum state, said maximum voltage then being the measure
of the integral.    Other methods of integration will be apparent to those
skilled in the art.    CLAIMS 1. The method of measuring breath alcohol
concentration in which a breath sample is introduced to a fuel cell, and
means are provided for measuring the flow of electrons from said fuel cell
resulting from oxidation of said breath alcohol, said flow rate rising to a
peak and thereafter falling to a substantially steady minimum base to form
a curve, comprising integrating the entire area under the curve in the
period between the beginning of oxidation and the reaching by the voltage
of said substantially steady minimum, and generating an intelligible signal
representing alcohol content of the breath sample as a function of said
area. 2. The method of claim 1, including the step of establishing a base
line output voltage of said cell immediately before oxidation of alcohol
begins, and electronically subtracting the area representing that voltage
of the output voltage measuring time during the oxidation process from the
area under the voltage curve during said measuring time. 3. The method of
claim 1 or 2, wherein the 



measuring period is 8 to 15 times the length of time between the beginning
of oxidation and the reaching of a peak voltage. 4. Apparatus for measuring
breath alcohol content by oxidizing breath alcohol in a fuel cell having
output terminals across which a voltage is generated, said voltage rising
in response to the presence of alcohol in a breath sample in contact with
said fuel cell and falling again to a base level, to establish a voltage
time curve, comprising means for integrating the entire area under said
curve from the inception of the rise in voltage to its reaching of said
base level, and means for displaying a number indicating breath alcohol
content as a function of said area.    -9- 5. The method of measuring
breath alcohol concentration according to claim 1 and substantially as
herein described. 6. Apparatus for measuring breath alcohol content by
oxidizing breath alcohol in a fuel cell having output terminals across
which a voltage is generated, substantially as herein described.    


