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MULTI-DIMENSIONAL TURBULENT FLOW 
SENSOR, WITH PARTICULAR USE IN 

DETERMINING AN INTENTION OF, OR AN 
EFFECT PRODUCED BY, AN ANIMATE OBJECT 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] This invention relates to measuring ?uid ?oW. In 
particular, the invention relates to measuring ?uid ?oW using 
a multiplicity of sensors and, more particularly, to such 
measurement of ?uid ?oW in situations in Which the ?uid 
?oW is anticipated to be turbulent. This invention is also 
related to measuring ?uid ?oW in the vicinity of an animate 
object and using such measurement, together With knoWl 
edge of the characteristics of the animate object and, if 
relevant, of one or more objects in the vicinity of the animate 
object to determine an intention of, or an effect produced by, 
the animate object. 

[0003] 2. Related Art 

[0004] Previously, ?uid ?oW has been measured using 
devices such as an anemometer. An anemometer typically 
uses one or a feW (e.g., four or less) sensors to measure the 

temperature of a ?uid, from Which a description of one of a 
limited number of characteristics of the ?uid ?oW (e.g., 
velocity) is determined. Typically, anemometers are used to 
measure laminar ?oWs, since the orderliness of such ?oWs 
enables sufficiently accurate measurements to be obtained 
With the small number of sensors characteristic of an 
anemometer. Fluid ?oW measurement has previously been 
used to determine the characteristics of a ?uid ?oW in the 
vicinity of an inanimate object, such as the Wing of an 
airplane or the chassis of an automobile. In many cases, such 
?uid ?oWs are laminar. Fluid ?oW in the vicinity of an 
animate object (e.g., a human) can often be turbulent as a 
result of motion of an unaerodynamic body part (e.g., the 
hand) or breathing. Anemometers and other eXisting ?oW 
measurement devices may not be adequate to provide suf 
?ciently detailed information regarding turbulent ?oWs. 
Additionally, analysis of ?uid ?oW in the vicinity of an 
animate object has not been used to discern an intention of, 
or an effect produced by, the animate object. 

SUMMARY OF THE INVENTION 

[0005] The invention enables ?uid ?oW measurements to 
be obtained in the vicinity of an animate obj ect (e. g., human) 
and used, together With knowledge of the characteristics of 
the animate object and, if relevant, of one or more objects in 
the vicinity of the animate object, to determine an intention 
of, or an effect produced by, the animate object. Fluid ?oW 
can be measured using an apparatus including a multiplicity 
of data sensors arranged in a manner that enables acquisition 
of detailed information regarding the ?uid ?oW. In particu 
lar, the ?uid ?oW measuring apparatus can advantageously 
be used in situations in Which the measured ?uid ?oW is 
anticipated to be turbulent, Which is typically the case When 
measuring the ?uid ?oW in the vicinity of an animate object. 

[0006] In one embodiment, the invention provides an 
interface controlled by an animate object by measuring ?uid 
?oW in the vicinity of the animate object and determining an 
intention of, or an effect produced by, the animate object, 
based upon the measured ?uid ?oW and knoWledge of one 
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or more characteristics of the animate object. The ?uid ?oW 
measurement apparatus can be attached to the animate 
object. For eXample, the ?uid ?oW measurement apparatus 
can be attached in the vicinity of the mouth of the animate 
object. By measuring ?uid ?oW in the vicinity of the mouth 
of an animate object, breathing can be measured. Breath 
measurement, as described more fully beloW, can be used as 
a control mechanism. The ?uid ?oW measurement apparatus 
can also be attached in the vicinity of a movable part of the 
animate object. By measuring ?uid ?oW in the vicinity of a 
movable part of an animate object, motion of that part of the 
animate object can be measured. Such motion can, for 
eXample, be interpreted as gestures and used to effect 
corresponding control. 

[0007] Any appropriate ?uid ?oW measuring apparatus 
can be used. For eXample, the ?uid ?oW measuring appa 
ratus can be an apparatus adapted to sense temperature. 
(Temperature sensors can be desirable because they are 
often relatively inexpensive.) Such a ?uid ?oW measuring 
apparatus could be implemented using one or more semi 
conductor devices. In particular, such sensor(s) can be 
implemented using a junction diode. A?uid ?oW measuring 
apparatus adapted to sense temperature could also be imple 
mented using one or more thermocouples, or one or more 

thermistors. A ?uid ?oW measuring apparatus for use With 
the invention can be implemented With other types of 
devices as Well. Or, for eXample, the ?uid ?oW measuring 
apparatus can be an apparatus adapted to sense mechanical 
de?ections, such as devices that include a pieZoelectric 
transducer or devices that include a strain gauge. 

[0008] It is anticipated that in many applications for Which 
the invention Will be used, the measured ?oW Will be 
turbulent. It is, therefore, desirable that the ?uid ?oW mea 
surement apparatus include a relatively large number of 
sensors, since the acquisition of a large amount of data 
regarding the ?uid ?oW may be necessary—and is, at least, 
desirable—to ensure that the ?uid ?oW is measured With 
adequate accuracy and comprehensiveness. Acquisition of a 
large amount of data can also enable more complex analysis 
of the data. Thus, a ?uid ?oW measuring apparatus in 
accordance With the invention preferably uses more sensors 
than have been used in anemometers or other previous ?uid 
?oW measuring apparatus. In one embodiment of the inven 
tion, a ?uid ?oW measuring apparatus according to the 
invention includes 5 or more sensors. Further, the sensors of 
a ?uid ?oW measuring apparatus for use With the invention 
can advantageously be arranged in an array of tWo or 
dimensions, thus enabling measurement of ?uid ?oW in a 
corresponding number of dimensions. 

[0009] In another embodiment, the invention measures 
?uid ?oW by measuring the voltage across the semiconduc 
tor junction of each of one or more data sensors, determining 
the temperature of the one or more data sensors based upon 
the voltage across the semiconductor junction of the data 
sensor, and determining a description of one or more char 
acteristics of the ?uid ?oW using one or more data sensor 
temperatures. The data sensor(s) can be, for eXample, junc 
tion diode(s). The data sensors can be arranged in an array 
of tWo or dimensions. In a particular implementation of this 
embodiment of the invention, ?ve or more data sensors are 
used. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1 illustrates, in simpli?ed form, an array of 
sensors of a ?uid ?oW measuring apparatus according to the 
invention. 

[0011] FIG. 2 is a schematic diagram illustrating a ?uid 
?oW measuring apparatus in accordance With the invention. 

[0012] FIG. 3 illustrates the processing of the data 
obtained by the sensors of a ?uid ?oW measuring apparatus 
in accordance With the invention. 

[0013] FIG. 4 illustrates one Way of analyZing a set of data 
obtained by a ?uid ?oW measuring apparatus in accordance 
With the invention. 

[0014] FIG. 5 is a perspective vieW of a display device 
including an air ?oW sensing apparatus in accordance With 
the invention, illustrating an exemplary application of the 
invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0015] According to one aspect of the invention, ?uid ?oW 
can be measured using an apparatus including a multiplicity 
of data sensors arranged in a manner that enables acquisition 
of detailed information regarding the ?uid ?oW. (As used 
herein, a “data sensor” is a sensor that is used to sense data, 
i.e., a value of a characteristic, such as temperature magni 
tude, regarding the ?uid ?oW being measured that can then 
be used to describe, for example, the velocity, acceleration 
and/or direction of the ?uid ?oW. The value sensed by a data 
sensor may be compared to a value sensed by a “reference 
sensor” to produce the data from that data sensor, as is the 
case in a particular embodiment of a ?uid ?oW measuring 
apparatus according to the invention described beloW.) In 
particular, the invention can advantageously be used in 
situations in Which the measured ?uid ?oW is anticipated to 
be turbulent, such as measurement of ?uid ?oW in the 
vicinity of an animate object (e.g., human). 

[0016] According to another aspect of the invention, mea 
surements of ?uid ?oW (Which can be obtained in the 
manner described above) in the vicinity of an animate object 
can be used, together With knowledge of the characteristics 
of the animate object and, if relevant, of one or more objects 
in the vicinity of the animate object, to determine an 
intention of, or an effect produced by, the animate object. 
Examples of such use of ?uid ?oW measurements are 
described in more detail beloW (see, e.g., FIG. 5 and 
accompanying description). 
[0017] In general, the invention enables ?uid ?oW mea 
surement in any number of dimensions. If ?uid ?oW is to be 
measured in one direction, then at least 2 non-coincident 
data sensors must be used. If ?uid ?oW is to be measured in 
tWo directions, then at least 3 non-collinear data sensors 
must be used. If ?uid ?oW is to be measured in three 
directions, then at least 4 non-collinear data sensors must be 
used. It is anticipated the invention Will often be used to 
measure ?uid ?oW in tWo or more dimensions. 

[0018] In accordance With one aspect of the invention, the 
?uid ?oW in the vicinity of an animate object is measured. 
As discussed above, ?uid ?oW in the vicinity of an animate 
object is often turbulent. When measuring turbulent ?uid 
?oW, it is generally desirable to use as many sensors as 
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possible in order to increase the accuracy of the information 
obtained regarding the ?oW, more sensors enabling the 
measurement ?uctuations that are associated With turbulent 
?oW to be smoothed out as a result of averaging an increased 
number of data samples. Increasing the number of sensors 
can also increase the detail of the information obtained about 
the ?uid ?oW. Additionally, increasing the number of sensors 
used may also enable more complex analysis of the acquired 
data. Thus, a ?uid ?oW measuring apparatus in accordance 
With the invention preferably uses more sensors than have 
been used in anemometers or other previous ?uid ?oW 
measuring apparatus. In one embodiment of the invention, a 
?uid ?oW measuring apparatus according to the invention 
includes 5 or more sensors. In a more particular embodiment 

(described in more detail beloW With respect to FIG. 1), a 
?uid ?oW measuring apparatus according to the invention 
includes 32 sensors. 

[0019] HoWever, as the number of sensors is increased, the 
measurement apparatus including the sensors generally 
becomes more complex and costly. Increasing the number of 
sensors may also necessitate construction of a measurement 
apparatus that undesirably in?uences the ?uid ?oW being 
measured. Increasing the number of sensors also increases 
the computational cost (e.g., processing time) associated 
With processing and analyZing the acquired data. The par 
ticular number of sensors used for a particular measurement 
apparatus or application can be chosen in vieW of the above 
considerations. 

[0020] FIG. 1 illustrates, in simpli?ed form, an array of 
sensors (indicated generally by the numeral 102) of a ?uid 
?oW measuring apparatus according to the invention. It is to 
be understood that the particular array of sensors shoWn in 
FIG. 1 is merely illustrative, and that many other arrange 
ments of sensors, including a different number and geomet 
ric arrangement of sensors, can be used in a ?uid ?oW 
measuring apparatus according to the invention. In FIG. 1, 
there are thirty-tWo sensors 102 arranged in a square, six by 
six array, With no sensors located at the corners of the array. 
(The use of thirty tWo sensors—or some other multiple of 
eight sensors—can be convenient because that number of 
sensors corresponds to the number of bits in a unit of data 
that is commonly used in computer processing, as knoWn by 
those skilled in the art.) The sensors 102 can be conceptually 
divided into quadrants, as de?ned by the axes 103a and 
103b, to facilitate acquisition and processing of the data as 
described further beloW. 

[0021] The sensors in a ?uid ?oW measuring apparatus 
according to the invention can be embodied by any appro 
priate devices. For example, the sensors can be embodied by 
temperature sensing devices such as thermistors, thermo 
couples or junction diodes. Temperature sensors can be 
advantageous because they are typically relatively loW in 
cost. In particular, junction diodes can be advantageous 
because they exhibit a linear relationship betWeen voltage 
and temperature, as discussed further beloW. (Other sensors 
may involve more complex relationships, necessitating addi 
tional data processing.) Sensed temperature can be used to 
determine ?uid ?oW characteristics, such as ?uid velocity 
and acceleration, since the passage of a ?uid over a tem 
perature sensor Will loWer the temperature sensed by the 
sensor in accordance With those characteristics (e.g., as the 
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velocity of a ?uid increases, the amount of heat carried aWay 
by the ?uid increases, thereby decreasing the sensed tem 
perature). 
[0022] Other types of sensors can also be used, such as 
piezoelectric sensors and strain gauges, Which sense 
mechanical de?ection. The sensed mechanical de?ection 
can be used to determine the force being applied to the 
sensor, Which can, in turn, be used to determine character 
istics of the ?uid ?oW, using techniques knoWn to those 
skilled in the art. 

[0023] The sensors 102 are mounted on a sensor support 
101. In general, a sensor support for use With the invention 
can be any appropriate structure. 

[0024] A sensor support for use With the invention should 
be constructed so as to minimize interference With the 
measured ?uid ?oW. This can be accomplished, for eXample, 
by constructing the entire sensor support With an aerody 
namic shape that produces little effect on the ?uid ?oW. This 
can also be accomplished by attaching the sensors With a 
structure (e.g., a thin Wire) that produces little in?uence on 
the ?uid ?oW, such that the sensors are positioned at a 
distance from other, less aerodynamically benign parts of the 
sensor support adequate to minimiZe or eliminate the in?u 
ence of those parts of the sensor support on the ?uid ?oW. 

[0025] It may also be necessary to construct the sensor 
support so that a reference sensor is provided su?iciently 
proximate to the data sensors to produce accurate measure 
ment of the ambient conditions (e.g., When the sensors are 
thermal sensors, the ambient temperature), yet insulated 
from in?uences from the ?uid ?oW (e.g., When the sensors 
are thermal sensors, thermally insulated from temperature 
effects produced by the ?uid ?oW). Such thermal insulation 
can be provided by positioning the reference sensor aWay 
from the data sensors and/or enclosing the reference sensor 
in a thermally insulative material. 

[0026] For eXample, as shoWn in FIG. 1, the sensor 
support 101 can be a plate or platform to Which the sensors 
102 are attached With thin Wires. The Wires enable electrical 
signals to be transmitted from the sensors 102 to other 
electronic circuitry and/or electronic devices (Which can be 
formed in or on the sensor support 101) that process the data 
obtained by the sensors 102 as described elseWhere herein. 
The thin Wires can be made of a material With su?icient 
strength, in vieW of the construction (e.g., Weight) of the 
sensors 102 and the eXpected ?uid ?oW conditions (e.g., 
?uid velocity), to maintain the sensors in substantially ?xed 
position Within the ?uid ?oW. The thin Wires can also be 
made su?iciently thin to produce an acceptably small in?u 
ence on the ?uid ?oW. Areference sensor can be attached to 
the plate or platform, so that the reference sensor does not 
eXperience the ?uid ?oW (and, in particular, the temperature 
effects associated thereWith) sensed by the data sensors. The 
reference sensor may also, perhaps, be enclosed by a mate 
rial that is sufficiently thermally insulative to alloW the 
reference sensor to sense the ambient temperature (after a 
reasonable period of time), yet minimiZe or eliminate 
changes in temperature as a result of the ?uid ?oW being 
measured. 

[0027] FIG. 2 is a schematic diagram illustrating a ?uid 
?oW measuring apparatus in accordance With the invention. 
Nine semiconductor junction diodes (eight “data” diodes, 
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Dl-Ds, and one “reference” diode, Dref) are connected in 
series in forWard conduction mode betWeen a supply voltage 
(indicated by V+in FIG. 2) and the collector of an NPN 
transistor Q1. (The data diodes Dl-D8 correspond to, for 
eXample, the eight sensors in one of the quadrants of the 
sensor array shoWn in FIG. 1.) The base of the transistor Q1 
is connected to the tap of a resistive voltage divider con 
sisting of the resistors Rb1 and Rbz. The voltage divider 
ensures that the voltage at the base of the transistor Q1 
remains substantially constant. The emitter of the transistor 
Q1 is connected to a ground voltage (indicated by an arroW 
in FIG. 3) through the resistor Re. 

[0028] Since the voltage at the emitter of the transistor Q1 
folloWs the voltage at the base of the transistor Q1 less the 
substantially constant base-emitter voltage, the current 
through the emitter is constant and substantially equal to the 
current through the collector, regardless of the voltage at the 
collector (provided that the collector voltage is adequate to 
keep the transistor Q1 out of the saturation condition). Thus, 
the transistor Q1 serves as a regulator maintaining a constant 
current through the diodes Dl-D8 and Dref 

[0029] The impedance values of the resistors Rbl, Rb2 and 
Re are chosen, as knoWn by those skilled in the art, to 
produce a current adequate to cause self-heating of the 
diodes D l-D8 and Dref. Illustratively, for a SOT-23 packaged 
diode, this current is about 100 milliamps. To produce such 
a current, the impedance values of the resistors Rbl, Rb2 and 
Re can be 10 kohms, 1.8 kohms and 100 ohms, respectively. 
Additionally, for that amount of current, the voltage drop 
across each of the diodes Dl-D8 and Dref Will be about 1 volt. 
The supply voltage V+must be large enough to ensure that, 
With such a voltage drop across the diodes Dl-D8 and Dref 
the collector voltage is of the transistor Q1 is large enough 
to keep the transistor Q1 out of the saturation condition. In 
vieW of the foregoing, illustratively, a positive 12 volt 
supply voltage can be used. 

[0030] The relationship betWeen the current through, I, 
and the voltage across, V, a diode is given by the folloWing 
equation: 

1=1@ * eXPKq * V)/(K * D-1] (1) 

[0031] Where q, K and I0 are constants, and T is the 
temperature of the junction in degrees Kelvin. If the current 
through the diode, I, is held constant, it can be seen that the 
voltage across the diode, V, must vary linearly With the 
temperature across the diode, T. Thus, by maintaining a 
constant current through the diodes Dl-D8 and Dref, it is 
possible to measure the temperature of diodes Dl-D8 and 
DIef (i.e., the temperature at the location of the diodes Dl-D8 
and Dref) by sensing the voltage across the diodes D l-D8 and 
Dref. As eXplained in more detail elseWhere herein, the 
temperature at the location of the diodes D l-D8 and Dref) can 
be used to ascertain the ?uid ?oW conditions (e.g., velocity, 
acceleration, direction) at those locations. 

[0032] The reference diode Dref is mounted on the sensor 
support so that the reference diode Dref is thermally insu 
lated and maintained at a constant temperature, i.e. so that 
the voltage across the reference diode Dref is affected only by 
ambient temperature and not by ?uid ?oW. 

[0033] The data inputs XO-X7 of tWo 8-to-1 analog selector 
circuits U1 and U2 are connected to the data diodes D l-D8 to 
enable sampling of the voltages across the data diodes 
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Dl-Ds. Speci?cally, the data inputs of the analog selector 
circuit U1 are connected to the anodes of the data diodes 
Dl-D8 and the inputs of the analog selector circuit U2 are 
connected to the cathodes of the data diodes Dl-Ds. The 
analog selector circuits U1 and U2 can be embodied by, for 
example, a CMOS-type 4051 selector circuit. Aprocessing 
device (e.g., microprocessor), under control of an appropri 
ate computer program, sequentially applies appropriate sig 
nals to the selection inputs SW0, SW1 and SW2 to cause the 
analog selector circuits U1 and U2 to sample the anode and 
cathode voltages across particular data diodes Dl-Ds. 

[0034] The data outputs X of the analog selector circuits 
U1 and U2 are connected to the inputs of an operational 
ampli?er U3A, Which compares the outputs X to determine 
the difference betWeen the anode and cathode voltages of a 
particular one of the data diodes Dl-D8 (such difference 
being referred to herein as an “uncorrected data diode 
voltage”), ampli?es the uncorrected data diode voltage and 
outputs an ampli?ed uncorrected data diode voltage. The 
ratio of the impedance of the resistor R3 to the impedance of 
the resistor R1 (Which is equal to the ratio of the impedance 
of the resistor R4 to the impedance of the resistor R2) is equal 
to the ampli?cation factor of the operational ampli?er U3A. 

[0035] The voltages at the anode and cathode of the 
reference diode Dref are connected to the inputs of an 
operational ampli?er U33, Which compares the voltages to 
determine the difference betWeen the anode and cathode 
voltages of the reference diode Dref (such difference being 
referred to herein as an “uncorrected reference diode volt 
age”), ampli?es the uncorrected reference diode voltage and 
outputs an ampli?ed uncorrected reference diode voltage. 
The ratio of the impedance of the resistor R7 to the imped 
ance of the resistor R5 (Which is equal to the ratio of the 
impedance of the resistor R8 to the impedance of the resistor 
R6) is equal to the ampli?cation factor of the operational 
ampli?er U313. 

[0036] The ampli?cation factors of the operational ampli 
?ers U3A and U3B are made equal and are chosen to have a 
magnitude, in vieW of the characteristics of the diodes D 1-D8 
and Dref, that Will provide output signal levels adequate to 
overcome signals generated by noise. Illustratively, an 
ampli?cation factor of about 5 is adequate to accomplish this 
purpose. 

[0037] The ampli?ed uncorrected data diode voltage from 
the operational ampli?er U3A and the ampli?ed uncorrected 
reference diode voltage U3B are connected to the inputs of an 
operational ampli?er U3c, The operational ampli?er U3c 
outputs a voltage Which represents the difference betWeen 
the ampli?ed uncorrected data diode voltage and the ampli 
?ed uncorrected reference diode voltage, further ampli?ed 
by the ampli?cation factor of the operational ampli?er U30 
The ratio of the impedance of the resistor R11 to the 
impedance of the resistor R9 (Which is equal to the ratio of 
the impedance of the resistor R12 to the impedance of the 
resistor R10) is equal to the ampli?cation factor of the 
operational ampli?er U3c . The ampli?cation factor of the 
operational ampli?er U3c is chosen to have a magnitude, in 
vieW of the ampli?cation of the operational ampli?ers U3A 
and U313, that Will amplify the smallest expected differences 
betWeen the ampli?ed uncorrected data diode voltage and 
the ampli?ed uncorrected reference diode voltage to a 
magnitude that is slightly more than the magnitude of the 

Feb. 7, 2002 

smallest voltage detectable by the A/D converter (discussed 
beloW) used With the ?uid ?oW measuring apparatus. 

[0038] For example, for an 8-bit A/D converter capable of 
sensing 256 different voltage levels and operating With a 
full-scale voltage of 5 volts, the smallest detectable voltage 
change is 0.0196 volts. Assuming a minimum diode voltage 
change of 0.5 mV and an ampli?cation factor of 5 for the 
operational ampli?ers U3A and U3B, the change in the 
ampli?ed diode voltage Will be 2.5 mV. In vieW of the 
foregoing, the ampli?cation factor of the operation ampli?er 
U3c should be about 8 to ensure a voltage greater than 
0.0196 volts. 

[0039] The voltage output by the operational ampli?er 
U3C is referred to as the “corrected data diode voltage” or, 
more simply, as the “data diode voltage.” Since the data 
diode voltage represents the (ampli?ed) difference betWeen 
the voltage across the reference diode Dref and the voltage 
across a selected one of the data diodes Dl-Ds, the magni 
tude of the data diode voltage Will not be affected by any 
change in temperature that affects both the reference diode 
Dref and the selected one of the data diodes Dl-Ds. In other 
Words, the effect of the operational ampli?er U3c (and the 
reason for providing the reference diode Dref) is to eliminate 
the effects of the magnitude of the ambient temperature on 
the ?uid ?oW measurements. Thus, the magnitude of the data 
diode voltage represents only changes in temperature at the 
location of the selected one of the data diodes Dl-D8 
resultant from the characteristics of the ?uid ?oW at that 
location (excepting a DC component and a noise component 
in the data diode voltage, Which can be eliminated from the 
data diode voltage as described further beloW). 

[0040] The data diode voltage output from the operational 
ampli?er U3c is input to a conventional A/D converter, 
Which produces a digital signal that can be used by the 
processing devices (described beloW) that further process 
and analyZe the acquired data. The A/D converter can be a 
separate device or can be implemented as part of a process 
ing device used to implement the control processor 301 
(described beloW With respect to FIG. 3). (The Motorola 
68HC11 and 68HC12 processors, discussed beloW, that can 
be used to implement the control processor 301 include an 
internalA/D converter With 8 separate data inputs, selectable 
under control of appropriate softWare.) 

[0041] In general, sensors of a ?uid ?oW measuring appa 
ratus according to the invention can be sampled in any 
desired order. It may even be desirable in some cases to 
sample feWer than all of the available sensors (for example, 
if immediately previous data indicates the ?uid How in the 
vicinity of one or more particular sensors is not changing 
signi?cantly over time), thus reducing the computational 
cost associated With the processing and analysis of the data 
obtained by those sensors. It is anticipated, hoWever, that in 
many cases the acquired data Will be obtained by repetitively 
cycling through all of the sensors in a speci?ed order. Sets 
of temporally proximate sensor data (e.g., a series of 
samples from all of the sensors) can be analyZed together (as 
described further beloW) to produce a description of the ?uid 
?oW at the time the data Was acquired. 

[0042] FIG. 3 illustrates devices for further processing of 
the data acquired by a ?uid ?oW measuring apparatus in 
accordance With the invention. Acomputation processor 302 
processes and analyZes the acquired data, as explained in ore 
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detail below. A control processor 301 mediates interaction 
among the ?uid ?oW measuring apparatus (e.g., the ?uid 
?oW measuring apparatus shoWn in FIG. 2), the computa 
tion processor 302 and a device for making use of the 
analyzed data, as also described beloW. 

[0043] The control processor 301 can be, for example, a 
general purpose processing device operated in accordance 
With one or more computer programs including instructions 
that perform the desired functions. The control processor 
301 transmits the selection inputs SW0, SW1, SW2 to the 
?uid ?oW measuring apparatus (e.g., the analog selector 
circuits U1 and U2 of FIG. 2) to specify acquisition of data 
by particular sensors of the apparatus. The acquired data is 
received by the control processor 301 via the “Out” trans 
mission line, converted to digital form if such conversion 
has not already taken place, and transmitted to the compu 
tation processor 302 for processing and analysis. It can be 
desirable to implement the processor 301 With a device that 
accepts multiple analog inputs so that multiple acquired data 
(e. g., data from a sensor in each quadrant of the array shoWn 
in FIG. 1) can be received by the processor 301 at one time. 
The Motorola 68HC11 and 68HC12 processors have this 
capability (as discussed above) and can be used With the 
invention. The control processor 301 can also desirably 
contain adequate memory for storage of the one or more 
computer programs that effect the control processor’s 301 
operation. The control processor 301 must also include I/O 
ports adequate for communication of data to and form the 
computation processor 302. These I/O ports can be serial 
(e.g., RS-232, RS-423 or RS-422) or parallel. 

[0044] The computation processor 302 processes and ana 
lyZes the acquired data in accordance With one or more 
computer programs including instructions for accomplishing 
the desired functions. (The computer program(s) can be 
implemented as ?rmWare or as softWare that operates a 
general purpose processing device.) The computation pro 
cessor 302 may process the acquired data as necessary or 
desirable to enable or enhance use of the acquired data. 
Additionally, the acquired data is processed to produce a 
description of the ?uid ?oW in the region in Which the 
sensors of the ?uid ?oW measuring apparatus are located. 
Further, in accordance With the invention, the data is ana 
lyZed by the computation processor 302, in a manner appro 
priate for the particular application of the invention, to make 
one or more determinations regarding the intention(s) of, or 
effect(s) produced by, an animate object (e.g., human) in the 
vicinity of Which the ?uid ?oW has been measured. As Will 
be better appreciated from the description beloW, there are 
many Ways in Which the ?uid ?oW data can be analyZed to 
make such determination(s). Some examples are discussed 
beloW. 

[0045] It may be necessary or desirable to process the 
acquired data to remove noise and/or other extraneous 
components of the acquired data. For example, in a ?uid 
?oW measuring apparatus as described With respect to FIG. 
2, the acquired data can include noise plus a DC component 
that can vary from sensor to sensor. Band-pass ?ltering can 
be used to minimiZe or eliminate such extraneous compo 
nents of the acquired data, as knoWn to those skilled in the 
art. Illustratively, in a ?uid ?oW measuring apparatus in 
accordance With the apparatus shoWn in FIG. 2, for use in 
measuring the ?uid ?oW associated With intentionally 
directed human breath (see discussion beloW), frequencies 

Feb. 7, 2002 

less than about 0.2 HZ and greater than about 5 HZ Were 
?ltered from the acquired data. 

[0046] The acquired data is processed to yield information 
regarding the ?uid ?oW. For example, a set of temporally 
proximate data from different sensors can be combined to 
produce one or more vectors indicating the velocity and/or 
acceleration of the ?uid at a particular point in time. The 
magnitude (i.e., ?oW rate), orientation (i.e., ?oW direction) 
and location of each such vector can be determined. Addi 
tionally, the change in such vector(s) over time can also be 
determined. (The latter, indicating the change in magnitude 
and direction of ?uid ?oW velocity and acceleration over 
time, can be used, for example, as an indication of the degree 
of turbulence of the ?uid ?oW.) 

[0047] FIG. 4 illustrates one Way of analyZing a set of data 
obtained from an array of sensors as shoWn in FIG. 1. The 
sensor data (i.e., difference in temperature from ambient 
temperature, Which corresponds to the magnitude of the 
?uid velocity) is indicated generally by the numeral 410. 
The sensor data is projected along a ?rst axis (e.g., axis 103a 
in FIG. 1, axis 401a in FIG. 4) of the array (i.e., data that 
appears to be at the same location When vieWed perpendicu 
lar to the axis, but is spaced apart in a direction perpendicu 
lar to the axis, is considered to be at the same location along 
that axis) and a curve ?t is determined for the data along that 
axis. The sensor data is also projected along a second axis 
(e.g., axis 103b in FIG. 1, axis 401b in FIG. 4) of the array 
perpendicular to the ?rst axis and a curve ?t is determined 
for the data along that axis. The curve ?ts can be determined 
using any appropriate method, such as, for example, the 
least-squares method. In one embodiment, a ?rst order 
(linear) curve ?t is determined. The tWo linear curve ?ts, one 
along each axis, are combined to produce a plane (plane 402 
in FIG. 4). The gradient (or tilt) of the plane 402 With 
respect to the plane of the sensor array (plane 404 in FIG. 
4) can be represented by a vector (vector 403 in FIG. 4). (In 
FIG. 4, the plane 404 has a dual meaning: the plane 404 
represents the location and orientation of the sensor array, 
and also represents the magnitude of the ambient tempera 
ture Within the sensor array, i.e., Zero ?uid velocity.) The 
angular orientation (angle 407 in FIG. 4) of the projection 
405 of the vector 403 on the sensor array plane 404 
represents the direction of the ?uid ?oW (indicated by the 
arroW 406 in FIG. 4). The slope (indicated by the numeral 
408 in FIG. 4) of the vector 403 indicates the change in 
temperature (i.e., the decrease in ?uid velocity) across the 
sensor array. The mean temperature (indicated by the 
numeral 409 in FIG. 4) indicates the average ?uid velocity 
across the sensor array. Thus, as shoWn in FIG. 3, the 
folloWing information has been ascertained regarding the 
?uid ?oW across the sensor array: the average ?uid velocity, 
the direction of the ?uid ?oW, and the change in ?uid 
velocity across the sensor array. (Other information can be 
determined from successive sets of sensor data, as shoWn in 
FIG. 4, such as, for example, ?uid acceleration.) 

[0048] In accordance With the invention, ?uid ?oW is 
measured in the vicinity of an animate object and used, 
together With knoWledge of the characteristics of the ani 
mate object and, if relevant, one or more objects in the 
vicinity of the animate object to determine an intention of, 
or an effect produced by, the animate object. This can enable 
the ?uid ?oW measurements to be used to effect an interface 
betWeen the animate object and another object. In particular, 
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it is anticipated that the invention Will enable a neW type of 
control to be used by people in their interaction With a large 
variety of devices. 

[0049] For example, breath can be used as a means of 
conveying control instructions, intentionally or unintention 
ally. A ?uid ?oW measuring apparatus as described above 
can be positioned proximate to a person’s mouth and used to 
measure the air ?oW resultant from the person’s breathing. 
The measurement of the air ?oW can be used in controlling 
a device, as illustrated beloW. 

[0050] Breath measurement can be used, for example, to 
augment a voice control system. A ?uid ?oW measuring 
apparatus in accordance With the invention can be mounted 
on a microphone of the voice control system. The voice 
control can be modi?ed or conditioned upon the measure 
ment of breathing of a speaker using the voice control 
system. For example, such an augmented voice control 
system could be implemented so that a detected sound is not 
recogniZed as a voice unless a ?oW rate of minimum 
magnitude is measured in the vicinity of the speaker’s 
mouth, thus reducing the incidence of unintended control 
actions resultant from the detection by the voice control 
system of sounds other than the speaker’s voice (e.g., 
background noise or another speaker’s voice). Or, for 
example, by monitoring the state of, and changes in, the 
measured ?uid ?oW in the vicinity of the speaker’s mouth, 
information regarding position (location and/or orientation) 
and movement of the speaker’s head can be ascertained and 
used to infer, for example, the speaker’s focus of attention, 
such inference then being used to modify or initiate control 
action(s). The foregoing are examples of the use of breath 
measurement as a control mechanism Where the breather 
does not intentionally regulate breathing to effect control. 

[0051] Breath measurement can also be used to effect 
intentional control by the breather. Generally, a “breathing 
language” can be established, such that the strength (e.g., 
velocity and/or acceleration) and direction of breathing can 
denote different instructions regarding control of a device. 
Such an application of the invention can enable hands-free 
control of a variety of devices. 

[0052] FIG. 5 is a perspective vieW of a display device 
501 including an air ?oW sensing apparatus in accordance 
With the invention, illustrating an exemplary application of 
the invention of this type. The display device 501 includes 
four sensor arrays 502a, 502b, 502c and 502d. By appro 
priately breathing on one or more of the sensor arrays 502a, 
502b, 502c and 502d, a vieWer can effect desired control of 
the display 503. For example, as indicated by the arroWs 
adjacent to the sensor arrays 502a, 502b, 502c and 502d, 
breathing on the sensor array 502a can cause the display to 
scroll up, breathing on the sensor array 502b can cause the 
display to scroll doWn, breathing on the sensor array 502c 
can cause the display to scroll to the left, and breathing on 
the sensor array 502d can cause the display to scroll to the 
right. The speed With Which the display scrolls can be 
controlled, for example, in accordance With the strength of 
the breathing (e.g., stronger breathing causes the display to 
scroll faster). Coarse cursor control can be effected by, for 
example, a sWeeping movement of steady breath on sensor 
array 502a, 502b, 502c and/or 502d, While ?ne cursor 
control can be effected by, for example, short, delicate 
breaths directed at a particular point on a sensor array 502a, 
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502b, 502c or 502d. Mouse clicks can be effected by, for 
example, strong, explosive breaths directed at a particular 
point on the sensor. The display device 501 could have great 
utility for people Who cannot make use of their hands to 
control a display device, such as certain handicapped people, 
or in environments in Which hand contact may be discour 
aged, such as in hospitals. 

[0053] The invention can also be used to enable or aug 
ment the use of gestures in controlling a device. A ?uid ?oW 
measuring apparatus as described above can be positioned 
on or proximate to a person’s hand or other part of the body 
such that the air ?oW in the vicinity of the hand or body part 
is measured. Depending upon the application, control of a 
device can be effected as a result of unintentional and/or 
intentional gestures. As With breathing measurement, a 
gestural language corresponding to the direction and 
strength of the measured ?oW can be used to effect particular 
types of control. It may also be possible to discern from the 
?uid ?oW measurements Whether the body part is clothed or 
unclothed (and even, perhaps, the type of clothing), and 
produce corresponding control instructions. Such gesture 
detection by the invention can also be used, for example, 
With other types of motion sensing systems to produce a 
motion sensing system having increased accuracy and 
improved capabilities of discrimination in sensing motion. 

[0054] The invention can be used generally to measure the 
?oW of any type of ?uid. HoWever, it is anticipated that in 
many applications of the invention, the ?uid Will be air. 

[0055] Various embodiments of the invention have been 
described. The descriptions are intended to be illustrative, 
not limitative. Thus, it Will be apparent to one skilled in the 
art that certain modi?cations may be made to the invention 
as described herein Without departing from the scope of the 
claims set out beloW. 

We claim: 
1. A system for providing an interface controlled by an 

animate object, comprising: 

means for measuring ?uid ?oW in the vicinity of the 
animate object; and 

means for determining an intention of, or an effect pro 
duced by, the animate object based upon the measured 
?uid ?oW and knoWledge of one or more characteristics 
of the animate object. 

2. A system as in claim 1, further comprising means for 
attaching the ?uid ?oW measuring means to the animate 
object. 

3. A system as in claim 2, Wherein the attaching means is 
adapted to position the ?uid ?oW measuring means in the 
vicinity of a mouth of the animate object. 

4. A system as in claim 2, Wherein the attaching means is 
adapted to position the ?uid ?oW measuring means in the 
vicinity of a movable part of the animate object. 

5. A system as in claim 1, Wherein the ?uid ?oW mea 
suring means further comprises a temperature sensor. 

6. A system as in claim 5, Wherein the ?uid ?oW mea 
suring means further comprises a semiconductor device. 

7. A system as in claim 6, Wherein the sensor is a diode. 
8. A system as in claim 5, Wherein the ?uid ?oW mea 

suring means further comprises a thermocouple. 
9. A system as in claim 5, Wherein the ?uid ?oW mea 

suring means further comprises a thermistor. 
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10. A system as in claim 1, wherein the ?uid ?oW 
measuring means further comprises a mechanical de?ection 
sensor. 

11. A system as in claim 10 Wherein the ?uid ?oW 
measuring means further comprises a piezoelectric trans 
ducer. 

12. A system as in claim 10 Wherein the ?uid ?oW 
measuring means further comprises a strain gauge. 

13. A system as in claim 1, Wherein the ?uid ?oW 
measuring means further comprises ?ve or more data sen 
sors. 

14. A system as in claim 1, Wherein the ?uid ?oW 
measuring means further comprises greater than multiple 
data sensors arranged in an array of at least tWo dimensions. 

15. A system as in claim 1, Wherein the determination of 
the intention or effect is further based upon knoWledge of 
one or more characteristics of one or more objects in the 

vicinity of the animate object. 
16. A method for providing an interface controlled by an 

animate object, comprising the steps of: 

measuring ?uid ?oW in the vicinity of the animate object; 
and 

determining an intention of, or an effect produced by, the 
animate object based upon the measured ?uid ?oW and 
knoWledge of one or more characteristics of the ani 
mate object. 

17. An apparatus for measuring ?uid ?oW, comprising: 

one or more data sensors comprising a semiconductor 

device; 
means for measuring the voltage across the semiconduc 

tor junction of a sensor; 

means for determining a temperature of a data sensor 
based upon the voltage across the semiconductor junc 
tion of the data sensor; and 

means for determining a description of one or more 
characteristics of the ?uid ?oW using one or more data 
sensor temperatures. 

18. An apparatus as in claim 17, further comprising: 

one or more reference sensors comprising a semiconduc 

tor device; and 

means for determining a data voltage representing the 
difference betWeen the voltage across the semiconduc 
tor junction of a data sensor and the voltage across the 
semiconductor junction of a reference sensor; and 
Wherein: 
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the means for determining a temperature of a data sensor 
further comprises: 

means for determining a data voltage representing the 
difference betWeen the voltage across the semicon 
ductor junction of a data sensor and the voltage 
across the semiconductor junction of a reference 
sensor; and 

means for determining a temperature of the data sensor 
based upon the data voltage. 

19. An apparatus as in claim 17, Wherein the one or more 
data sensors are diodes. 

20. An apparatus as in claim 17, including ?ve or more 
data sensors. 

21. An apparatus as in claim 17, including a multiplicity 
of data sensors arranged in an array of at least tWo dimen 
sions. 

22. A method for measuring ?uid ?oW, comprising the 
steps of: 

measuring the voltage across a junction of a data sensor 
comprising a semiconductor device; 

determining a temperature of a data sensor based upon the 
voltage across the semiconductor junction of the data 
sensor; and 

determining a description of one or more characteristics 
of the ?uid ?oW using one or more data sensor tem 

peratures. 
23. A method as in claim 22, further comprising the steps 

of: 

measuring the voltage across a junction of a reference 
sensor comprising a semiconductor device; 

determining a data voltage representing the difference 
betWeen the voltage across the semiconductor junction 
of a data sensor and the voltage across the semicon 
ductor junction of a reference sensor; and Wherein: 

the step of determining a temperature of a data sensor 
further comprises: 

determining a data voltage representing the difference 
betWeen the voltage across the semiconductor junc 
tion of a data sensor and the voltage across the 
semiconductor junction of a reference sensor; and 

determining a temperature of the data sensor based 
upon the data voltage. 


