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(57) ABSTRACT 

Signal processing methods are disclosed for processing 
Laser Doppler Velocimeter (LDV) signals. A true Doppler 
frequency is extracted from the phase noise frequencies by 
maintaining a highest frequency value. The highest fre 
quency value is replaced with any measured frequency 
values that are higher than the current highest frequency 
value. This is continued for a predetermined lifetime period, 
after which the highest frequency value is Stored and then 
reinitialized. The highest detected frequency values over a 
window of lifetimes are then averaged to provide a moving 
or rolling average value which is indicative of the Velocity 
of a medium. 

29 Claims, 9 Drawing Sheets 
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LASER DOPPLERVELOCIMETER WITH 
HIGH IMMUNITY TO PHASE NOISE 

FIELD OF THE INVENTION 

The present invention relates generally to electronic Sen 
Sors and instrumentation for measuring the Velocity of 
moving media. More Specifically, the present invention 
relates to Laser Doppler Velocimeters, and methods for 
processing the Signals received therefrom. 

BACKGROUND OF THE INVENTION 

Laser Doppler Velocimeters (LDVs) are commonly used 
in many industrial and related applications. Laser Doppler 
Velocimeters (LDVs) operate on the principle that when a 
laser beam Scatters off a moving object, the frequency of 
oscillation is altered by the Doppler effect. In operation, 
LDVs often provide two crossing laser beams from the same 
laser Source, with a Small angle therebetween. The measure 
ment volume where the velocity information is obtained is 
defined by the region in Space where the two beams croSS. 
The light scattered from the first beam is Doppler shifted 
Slightly higher in frequency because the object is moving 
toward the beam. Likewise, light Scattered from the Second 
beam is Doppler shifted slightly lower in frequency because 
the object is moving away from the beam. The Scattered light 
Signal is gathered using a collection lens, and when the two 
Scattered signals are mixed together on a photo diode, a 
difference frequency can be obtained. The velocity of the 
object is directly proportional to the difference frequency. 
LDV techniques have been used in many industrial appli 

cations including paper manufacturing. These Systems tend 
to be relatively complex, expensive, and difficult to install 
and operate unattended for extended periods. Accordingly, 
LDV Systems are often used for machine diagnostics pur 
poses only. 

Simple counters or phase lock loop type signal processors 
have been used to process LDV signals obtained from lightly 
Seeded flow experiments where it is likely that only a single 
Scattering particle will be present in the LDV measurement 
Volume at any given time. However, for more heavily Seeded 
flows, more than one Scattering particle are likely to be 
present in the measurement Volume. The location and dis 
tribution of these particles is random. The light Scattering 
effects of two particles can add constructively to give rise to 
a larger Signal, or add destructively to give rise to a Smaller 
Signal, often resulting in a significant amount of phase noise. 
To deal with heavily seeded flows, previous devices often 

use autocorrelation or Fast Fourier Transforms (FFTs) to 
process the raw signals coming from the Laser Doppler 
Velocimeter to extract the desired frequency Signal from the 
phase and amplitude noise. Both of these methods are 
computationally expensive, requiring rather powerful pro 
ceSSors and large amounts of memory to effectively proceSS 
the raw input signals. For example, a 5 MHz Doppler Signal 
requires a Sampling rate of at least two, and more likely three 
to four times, the 5 MHz Doppler signal to satisfy the 
Nyquist criteria. Thus, a 10-20 MHZ sampling rate may be 
required, leading to a large number of data points to be 
processed. 
When the LDV is used as a sensor in closed loop control 

of a machine or proceSS having a short time constant, faster 
Sampling rates may be required to properly control the 
machine or process. For example, 10 Velocity Samples per 
Second may be needed to effectively control a fast machine 
or process, thus requiring 10 FFTS per Second on a large 
number of data points. In terms of current technology, this 
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2 
might require a processor on the order of a 500 MHz 
Pentium III (R) Intel Corporation). 

Fast processors can be expensive relative to the desired 
cost of the Sensor System as a whole. A fast processor can 
also require Supporting chipS and present heat dissipation 
problems, particularly in industrial environments where the 
ambient temperature is high. 
What would be desirable, therefore is a method and 

apparatus for processing LDV Signals that requires Substan 
tially leSS computational resources as FFT or autocorrelation 
methods. This may lower the cost and increase the reliability 
of LDV systems, particularly those used in harsh industrial 
environments. 

SUMMARY OF THE INVENTION 

The present invention includes Signal processing methods 
for processing Laser Doppler Velocimeter (LDV) signals, 
and computer programs, Signal processors, and LDV Sys 
tems incorporating these methods. The methods provide 
Signal processing for extracting the true Doppler difference 
frequency from the phase noise frequencies present in many 
differential Doppler Signals, which can then be used to 
determine the Velocity of the moving media. 

It has been found that the highest frequency present in an 
LDV signal corresponds to the velocity of the medium. The 
Doppler phase noise is typically at random, but lower, 
frequencies. To identify the highest frequency, one illustra 
tive method includes identifying the frequency in a current 
LDV Signal, and replacing that frequency when any Subse 
quent higher frequency is received and detected. This is 
continued for a predetermined time period. To allow for 
changes in the Velocity of the medium, the highest detected 
frequency is released after a certain age or lifetime. The 
duration of the age or lifetime can be programmed to 
accommodate the desired response time of the System. 

Preferably, the highest detected frequency for each life 
time is Stored for a predetermined time, and the highest 
frequency readings over a window of lifetimes are averaged 
to provide a moving or rolling average value. This moving 
or rolling average can be thought of as the output of a first 
"averaging filter. One or more other filter layerS may also 
be provided. For example, a Second filter may provide a 
moving or rolling average of the output values of the first 
filter. That is, the Second filter may average the results of the 
first filter until it is time to output a result. A simple 
Summation and averaging of the first filter output may be 
performed at a configurable update frequency. In a preferred 
embodiment, the update frequency is about 10 times per 
Second. 

To eliminate groSS errors, the highest detected frequency 
for each lifetime may be compared to the highest detected 
frequency of the last or other lifetimes, and rejected if the 
change is too great. Since the highest detected frequency 
values can be filtered by, for example a rolling average filter, 
any groSS errors may disproportionately skew the rolling 
average Values. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic view of a Laser Doppler Velocimeter 
(LDV) and moving media being measured; 

FIG. 2 is a block diagram of a circuit for digitizing an 
analog LDV Signal, and counting and prequalifying the 
frequency; 

FIG. 3 is a flowchart of a method for processing an LDV 
Signal; 
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FIG. 4 is a flowchart of highest frequency aging and 
Selection Steps of a Signal processing method; 

FIG. 5 is a flowchart of a method for processing an LDV 
Signal; 

FIG. 6 is a flowchart of digitization and prequalification 
Steps in a signal processing method; 

FIG. 7 is a plot of raw LDV frequencies versus time for 
a rotating wheel Surface being rotated, Stopped, Step-ramped 
up, Stopped, Started, and Smoothly ramped down, including 
the multiple phase noise lower frequencies filling in under 
the curve, 

FIG. 8 is a plot of the FIG. 7 frequencies after processing 
using a maximum highest frequency age or life of 2 and a 
rolling average window using 3 highest frequencies, 

FIG. 9 is a plot of the FIG. 7 frequencies after processing 
using a maximum highest frequency age or life of 3 and a 
rolling average window using 3 highest frequencies, 

FIG. 10 is a plot of the FIG. 7 frequencies after processing 
using a maximum highest frequency age or life of 3 and a 
rolling average window using 4 highest frequencies, and 

FIG. 11 is a plot of the FIG. 7 frequencies after processing 
using a maximum highest frequency age or life of 4 and a 
rolling average window using 4 highest frequencies. 

DETAILED DESCRIPTION OF THE 
INVENTION 

FIG. 1 illustrates an LDV sensor 100 having laser elec 
tronics 102, a laser emitter 104, a holographic optical 
element (HOE) 106, a first focusing lens 108, and an emitted 
laser light indicated by light beams 114 and 118. The emitted 
light Strikes a measurement Volume of media 124 along a 
moving plane 126. Reflected light is indicated by light 
beams 116 and 120, which pass through a collection lens 
112, focusing the light on a photodiode 110. Electronic 
connection lines (not shown) feed the electronic signal from 
photodiode 110 to Signal converting and processing circuitry 
130 which can include counters, general purpose computers, 
microprocessors, and/or other Supporting circuitry. 
By utilizing the differential Doppler effect, the Doppler 

frequency can be obtained directly. This is accomplished by 
crossing the two laser beams from the same laser with a 
Small angle between the beams. The measurement volume 
124 where the velocity information can be obtained is 
defined by the region in Space where the two beams croSS. 
The light scattered from beam 118 is Doppler shifted slightly 
higher because the object is moving toward the beam. 
Similarly, light scattered from beam 114 is Doppler shifted 
Slightly lower because the object is moving away from the 
beam. The Scattered light signal is gathered using collection 
lens 112, and when these two Scattered Signals are mixed 
together on photodiode 110, the difference frequency which 
is directly proportional to the Velocity of the object is 
obtained. 

The equation that describes the functional relationship 
between the parameters is 

d 2W spora (Equation 1) 

where, 
f=Doppler frequency 
V=X component of velocity of the object 
0=Total angle between the crossing laser beams 
2=Wavelength of the laser light 
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4 
The light Scattered from the two beams mixes together on 
photodiode 110 which acts as a Square law device yielding 
the difference frequency. The mixing of these two beams 
together reduces the frequency measurement requirement 
from 10" Hertz down to a few megahertz which can be 
more easily measured. The Scattered light signal is gathered 
using the collection lens onto the photodiode which converts 
the light signal to an electrical Signal. 

FIG. 2 illustrates a highly diagrammatic block diagram of 
a circuit used to convert the analog LDV Signal provided by 
the photodiode 110 to a digital frequency Signal, prequalify 
or error check the Signal, and pass a qualified signal through. 
An analog LDV Signal Source is represented at 152, and may 
correspond to photodiode 110 of FIG. 1. In the illustrative 
embodiment, the analog LDV Signal 154 is passed to a Zero 
crossing Schmidt trigger with hysteresis 156 to convert the 
analog LDV signal to a digital signal 158 with the same 
frequency. Zero crossing Schmidt trigger 156 provides an 
accurate frequency which is unaffected by the magnitude of 
the Signal. 

High-speed counters 160 can be used to determine the 
Doppler frequency in an inexpensive way. Since the laser 
beam's wavelength), and the crossing angle 0 are fixed and 
known, the Velocity can be derived from this frequency 
measurement. The counters 160 may measure the length of 
time it takes to count a fixed number of cycles of the Doppler 
frequency, which, in a preferred embodiment, is 16 cycles. 
The time accuracy is determined by the Speed of a clock 
feeding the high speed counters 160, which in a preferred 
embodiment is a 50 MHz clock signal. In one embodiment, 
counters 160 are preferably able to measure frequencies 
between 500 Hz and 5 MHz, a 10,000:1 range. 

In the embodiment illustrated in FIG. 2, high speed 
counters block 160 actually includes two separate counters, 
which are used for data verification or prequalification to 
eliminate bad data points. A first counter is used to measure 
the time it takes to count 8 Doppler cycles 164, while a 
Second counter measures the time it takes to count 16 
Doppler cycles 166, as shown. A comparator 172 is then 
used to compare the two counts or times 168 and 170. If the 
time 168 of 8 cycles is not substantially half of that for 16 
cycles 170, the data is determined to be invalid. If the data 
is valid, the time required to count 16 cycles is passed 
through at 174, to a register 176. In its raw form, the time 
can be stored as clock counts. If the data passes this test, the 
Doppler frequency is determined by the following relation 
ship: 

(Equation 2) 

where, 
N=number of cycles counted (in this case 16) 
N=number of clock cycles counted by counter 
t=clock cycle time (/So MHz=20 ns). 
By combining the previous two equations, it can be shown 

that the Velocity is inversely proportional to the digital 
number N, or in this case Sixteen. The constant of propor 
tionality is a function of the wavelength, crossing angle, 
number of Doppler cycles counted, and the clock cycle time. 
A simple microprocessor can output the Velocity information 
easily from the digital counter data. The microprocessor can 
also be used to correct the data for thermal effects, and to 
provide a Smart interface to other computers or controller 
Systems. 
The LDV signal processor presently described is suitable 

for measurement in both lightly and heavily seeded flows in 
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general. LDV Signals can be obtained from moving Solid 
Surfaces, Such as a paper machine. In Solid Surface 
applications, there can be a large number of Scattering 
particles randomly distributed on the Surface. In general, the 
phase noise associated with a random distribution of Scat 
tering centers entering and leaving the measurement volume 
gives rise to a noise Signal which has all frequencies leSS 
than the Doppler frequency equally probable. 

The present signal processor algorithm uses the fact that 
during any given interval, Some non-phase Doppler signals 
occur. The non-phase Doppler Signals are typically at 
random, but lower frequencies than the desired difference 
Doppler frequency. Thus, to identify the desired difference 
Doppler frequency, the present invention contemplates 
Sequentially measuring discrete Doppler Signal frequencies 
over a given period of time (e.g., lifetime). Some of the 
measured Doppler Signal frequencies will correspond to 
non-phase noise, while others will approach or be at the 
desired difference Doppler frequency. To identify the highest 
frequency, each discrete Doppler frequency is compared 
with a previous highest reading, over a programmable 
Lifetime interval. Then, the resulting highest frequency 
reading is Stored for later processing, and another Lifetime 
interval begins. If the most recent highest frequency reading 
is quite different from the previous highest frequency 
reading, it can be eliminated as a good Signal. 

Several of the previous highest frequency readings can be 
averaged or otherwise filtered to provide a Smoothened 
output signal. In a preferred embodiment, the number of 
highest frequency values used in the average is related to a 
Window parameter. All valid highest frequency values 
within the Window may be used to calculate a rolling 
average. Thus, two parameters are used in one Signal pro 
cessing algorithm embodiment, the Lifetime interval and the 
averaging Window size. 

Referring now to FIG. 3, one signal processing method 
200 is illustrated. In brief, method 200 utilizes and holds the 
highest frequency obtained for a number of cycles up to the 
maximum Lifetime interval, whereupon a new highest fre 
quency value is obtained. Method 200 includes an INITIAL 
IZATION step 210 which can include code for initializing 
parameters, variables, timers, and counters used in the 
algorithm. In particular, INITILIZATION step 210 can be 
used to initialize parameters, variables, timers, and counters 
the first time through the Signal processing algorithm or the 
first time through the algorithm after an upset or a reset. In 
Some embodiments, an initialization Step is omitted, with the 
first pass through the algorithm producing less than optimal 
results. 
A GET FREQUENCY step 220 follows INITILIZATION 

Step 210 and can include various preprocessing Steps. GET 
FREQUENCY step 220 preferably obtains a measurement 
of the current Doppler frequency. This can be accomplished 
in any number of ways. In one illustrative embodiment, and 
as described above with respect to FIG. 2, the current 
Doppler frequency can be obtained by counting the number 
of clock cycles of a high Speed clock that occur before a 
predetermined number of Doppler cycles are reached. The 
current Doppler frequency value can then be determined by 
dividing the predetermined number of Doppler cycles by the 
number of clock cycles counted, times the period of the high 
Speed clock. 

In another illustrative embodiment, the current Doppler 
frequency can be obtained by providing the LDV output 
Signal to a counter, which counts the number of Doppler 
cycles over a predetermined time period, Such as over a 
predetermined number of clock cycles of a high Speed clock. 
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The current Doppler frequency can then be determined by 
dividing the counter value by the predetermined number of 
clock cycles, times the period of the high Speed clock. It is 
contemplated that the current Doppler frequency values may 
be represented as a raw pulse count for internal computation, 
and only later converted to frequency units if desired. 
An AGE HIGHEST FREQUENCY step 230 can follow 

and be used to purge the System of the previous highest 
frequency if that highest frequency's age is greater than the 
age limit imposed by the Lifetime parameter. In one 
embodiment, a timestamp is Supplied for each frequency at 
the time the frequency is obtained. The timestamp can be a 
time or a number of counts. In one embodiment, the age of 
the highest frequency is managed using a First In First Out 
(FIFO) queue. The FIFO queue can be implemented in a 
number of ways, including hardware, Software, shift 
registers, or circular queues. In the FIFO queue, a frequency 
value is input to the queue in a first or Zero position, 
indicating the frequency has an age of Zero. With the next 
cycle, the frequency value is shifted to position one, indi 
cating an age of one. With each cycle, the frequency value 
is effectively shifted to the next position. In a four-place 
queue which can represent a Lifetime parameter of four, 
when the frequency is shifted out of the last or fourth place 
in the FIFO queue, the frequency has been aged out. The 
shifting of the frequencies through the queue can, of course, 
be accomplished by shifting indices or pointers, rather than 
the values themselves. 
An UPDATE HIGHEST FREQUENCY step 240 can be 

used to update the present highest frequency HIGHEST 
FREQ value with the most recently obtained frequency 
value if the most recently obtained frequency value is higher. 
In one embodiment, the HIGHEST FREQ value is stored 
as an index or pointer into the FIFO queue. When the 
HIGHEST FREQ value is aged out, it may be replaced 
with a non-valid value Such as a negative or null value, 
indicating that the HIGHEST FREQ value is to be replaced 
with the next valid value obtained. Alternatively, the 
HIGHEST FREO value is initialized to Zero when the 
HIGHEST FREQ value is aged out. In some embodiments, 
as further discussed below, the HIGHEST FREQ value is 
used directly as an indication of the medium Velocity. In a 
preferred embodiment, however, the HIGHEST FREQ 
value is further filtered before being used as an indication of 
medium Velocity. 

Referring now to FIG. 4, one embodiment of an AGE 
HIGHEST FREQ step 230 is illustrated in greater detail. 
Step 230 receives a frequency or count 235 in a new cycle, 
and increments the age of the HIGHEST FREQ by one in 
step 231, for example, by bumping the HIGHEST FREQ 
place in a FIFO queue. In Step 232, a decision is made 
whether the HIGHEST FREQ has an age greater than the 
maximum age allowed by the LIFE parameter. In one 
embodiment, this is a determination of whether the 
HIGHEST FREQ has been bumped out of the FIFO queue. 
If the HIGHEST FREQ age is greater than the LIFE 
parameter, the HIGHEST FREQ may be set to a zero value 
as shown in step 233. In other embodiments, the 
HIGHEST FREQ is set to a negative value, a recognizable 
non-valid value, or a flag is Set indicating the age is too great. 
The HIGHEST FREQ value can be output as indicated at 
234. 

FIG. 4 also shows an illustrative UPDATE HIGHEST 
FREQ step 240 of FIG. 3 in greater detail. The current 
HIGHEST FREQ and the current FREQ values are input at 
243 to a decision step 241 which tests whether the current 
FREQ value is greater than the current HIGHEST FREQ 
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value. If this is the case, the HIGHEST FREQ is set to the 
FREO value, and the current FREO becomes the 
HIGHEST FREQ for the current cycle. The HIGHEST 
FREQ can only go up until the age is greater than the 
Lifetime parameter in this illustrative embodiment. The 
HIGHEST FREQ can be output as indicated at 244 for 
further use. 

Referring now to FIG. 5, another signal processing algo 
rithm or method 201 is illustrated. Method 201 includes 
steps 210, 220, 230, and 240, previously discussed. A 
PREQUALIFY FREQ step 225 can be included as was 
discussed with respect to counters 164 and 166 and com 
parator 172 of FIG. 2. One embodiment of PREQUALIFY 
FREQ step 225 is illustrated in FIG. 6, being fed by an 
analog LDV signal at 310 which is digitized at 312, pro 
Viding a raw digital Signal 314 for prequalification. Digital 
signal 314 is fed to a first timer/counter 318 to count for “X” 
number of Signals, and a Second timer/counter 316 to count 
for a multiple of “X” number of signals, such as 2 times “X”. 
The results are fed to a comparator step 320, which can 
Verify that the times/counts are the expected multiples of 
each other. For example, the clock counts required to count 
16 cycles should be twice the clock counts required to count 
8 cycles. If the expected multiples are not found, as at 322, 
the number of counts can be set to a null or non-valid value 
which can be interpreted So as to not result in a valid 
frequency value. The frequency can be calculated from the 
clock counts in Step 324. 

Step 250 of FIG. 5 may discard the HIGHEST FREQ 
value provided at the end of a Lifetime interval if it deviates 
too far from the previous HIGHEST FREQ value, indi 
cated by the variable PREV HIGHEST FREQ. Step 250 
protects the method from outputting large changes present in 
the HIGHEST FREQ, which are not likely reflective of real 
changes in media Velocity. For example, given the time 
constant of a paper machine, it is unlikely that paper Speed 
would drop 50% in a millisecond. In some embodiments, 
step 250 is limited to rejecting the HIGHEST FREQ value 
for only a Set number of cycles. 

Once the HIGHEST FREO value is determined to be 
valid, it is provided to a first filter, as shown at step 260. The 
first filtering step 270 can be used to filter the HIGHEST 
FREQ value. In a preferred embodiment, step 270 utilizes a 
rolling average as a filter. In a preferred embodiment, a 
rolling average operates on a number of previous 
HIGHEST FREQ values contained in a moving window, 
having a WINDOW number of HIGHEST FREQ values. 
In one embodiment, a WINDOW number of HIGHEST 
FREQ values are contained within a FIFO queue, whose 
members are averaged to obtain the rolling average. 

In one embodiment, the once filtered value obtained from 
step 270 is further filtered in a second filter step including 
steps 280 and 290. In one embodiment, each time a new 
value is output from step 270, the value is added to a total, 
with the number of values also incremented. In step 290, 
when a new output is requested from the Second filter, a new 
value is created by obtaining the average of all the values 
output from step 270 since the last time the second filtered 
value was obtained. The twice-filtered value can be output as 
indicated at 299. In a preferred embodiment, a program 
mable or selectable UPDATE parameter determines the rate 
at which output from the LDV processor output can change 
values. In one embodiment, a 0.1 second UPDATE param 
eter is used, causing the value from Step 290 to change only 
every 0.1 Second, with an average thus being taken every 0.1 
Second. 

In one embodiment, the high Speed counting and prequali 
fication are implemented in hardware, with the aging and 
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Subsequent Steps being implemented in a microprocessor. 
One embodiment of the invention performs the Signal pro 
cessing algorithm in an Intel 8051, a common 8-bit micro 
processor. 

Experimental Results 
FIGS. 7-11 illustrate the output from an LDV having 

varying degrees of processing, but utilizing the same raw 
data. The larger the value of the two parameters WINDOW 
and LIFE, the longer the time delay to register an actual 
Velocity change, and the wider the distribution on measured 
velocities. The Figures show a plot of the LDV output 
frequency on the Y axis, and time on the X axis. AS first 
illustrated in FIG. 7, a wheel having the surface velocity 
measured by an LDV was initially rotated for a first period 
400, rotation stopped in a second period 410, rotation 
increased in a Series of Steps over a third period 420, and 
rotation abruptly stopped in a fourth period 430. Rotation 
was abruptly increased in a fifth period 440, and smoothly 
decreased over a sixth period 450. As can be seen from 
inspection of FIG. 7, the multiple lower frequencies are 
present, showing themselves as hash filling under the curve. 
The desired Doppler difference frequency, representing the 
Velocity of the wheel Surface, is represented by the upper 
most extent or envelope of the data plot in FIG. 7. The 
uppermost frequencies can correspond to the HIGHEST 
FREQ variable to be extracted, as previously discussed. 
Subsequent figures utilize the same Signal processing algo 
rithm according to the present invention, but using different 
LIFE and WINDOW parameters, previously discussed. 

FIG. 8 illustrates the results using a LIFE of 2 and a 
WINDOW of 3, where the LIFE parameter is the age limit 
of the highest frequency value and the WINDOW parameter 
is the population size of highest frequency values being used 
to calculate a rolling average. AS can be seen in FIG. 8, even 
a Small LIFE of 2 and a WINDOW of 3 removes a 
Substantial portion of the lower frequencies forming the hash 
under the curve in FIG. 7. FIG. 9 utilizes a LIFE of 3 and 
a WINDOW of 3, while FIG. 10 utilizes a LIFE of 3 and a 
WINDOW of 4. FIG 11 utilizes a LIFE of 4 and a 
WINDOW of 4. As can be seen in regions 420 and 450, the 
lower frequencies have been largely removed, leaving the 
highest frequencies representing the true Surface Velocity of 
the media. 

For the purposes of industrial applications, regions 420 
and 450 represent the type of reasonably steady or slow 
changing regimes that are likely to be encountered. Over an 
appropriate time Scale on the order of the process time 
constant, any industrial proceSS may be considered a steady 
or slowly changing process. Thus, the Signal processing as 
represented by FIGS. 8 through 11 is a substantial and useful 
achievement. The method of FIG. 11 may utilize only a 
four-place FIFO queue for the LIFE of 4, and a four-place 
FIFO queue for the rolling average over a WINDOW of 4. 
Numerous advantages of the invention covered by this 

document have been Set forth in the foregoing description. 
It will be understood, however, that this disclosure is, in 
many respects, only illustrative. Changes may be made in 
details, particularly in matters of shape, size, and arrange 
ment of parts without exceeding the Scope of the invention. 
The invention's Scope is, of course, defined in the language 
in which the appended claims are expressed. 
What is claimed is: 
1. A method for processing a LDV output Signal provided 

by a Laser Doppler Velocimeter (LDV), the method com 
prising: 
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initializing a highest frequency value; 
identifying a measure of the Doppler frequency of the 
LDV output signal; 

comparing the Doppler frequency to the highest fre 
quency value once a measure of the Doppler frequency 
is identified, and Storing the higher of the two frequen 
cies as the new highest frequency value; and 

repeating the identifying and comparing Steps a number of 
times. 

2. A method according to claim 1, wherein the number of 
times that the identifying and comparing Steps are repeated 
corresponds to a programmable lifetime parameter. 

3. A method according to claim 1, further comprising the 
Steps of: 

repeating the identifying, comparing, and repeating steps 
for a number of times, each time Storing the corre 
sponding highest frequency value resulting in a corre 
sponding number of highest frequency values, and 

averaging the corresponding number of highest frequency 
values, and providing the result as a measure of Veloc 
itv. 

4. Amethod according to claim 3, wherein the averaging 
Step maintains a rolling average. 

5. A method according to claim 3, wherein the preselected 
number of times that the identifying, comparing, and repeat 
ing StepS are repeated corresponds to a programmable win 
dow parameter. 

6. A method according to claim 3, further comprising the 
Steps of: 

continuing the repeating and averaging Steps of claim 3 
for a number of times, and averaging the results to 
provide a measure of Velocity. 

7. A method according to claim 5, wherein the number of 
times that the repeating Step of claim 5 is repeated corre 
sponds to a programmable update rate. 

8. A method for Signal processing a Laser Doppler Veloci 
meter (LDV) signal Stream, the method comprising 
repeatedly, and in Sequence, obtaining an LDV Signal, 
Selecting a highest value LDV Signal, outputting Said highest 
value LDV Signal as an output highest value LDV Signal, 
and periodically reinitializing Said highest value LDV 
Signal, wherein Said highest value LDV Signal corresponds 
to a highest LDV frequency. 

9. A method for Signal processing a Laser Doppler Veloci 
meter (LDV) signal Stream, the method comprising 
repeatedly, and in Sequence, obtaining an LDV Signal, 
comparing Said LDV Signal to a highest LDV Signal and 
Setting Said highest LDV Signal to Said LDV Signal if Said 
LDV Signal is higher than Said highest LDV Signal, output 
ting Said highest LDV Signal as an output highest LDV 
Signal, and periodically reinitializing Said highest LDV 
Signal. 

10. A method for Signal processing an LDV Signal as 
recited in claim 9, wherein Said periodic reinitializing 
includes Setting Said highest LDV Signal to a low value. 

11. A method for Signal processing an LDV Signal as 
recited in claim 8, wherein Said periodic reinitializing 
includes Setting Said highest LDV Signal to Said LDV Signal. 

12. A method for Signal processing an LDV Signal as 
recited in claim 8, wherein Said periodic reinitializing has a 
first period measured in units Selected from the group 
consisting of time and counts. 
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13. A method for Signal processing an LDV Signal as 

recited in claim 8, further comprising filtering Said output 
highest LDV signal in a first filter outputting a first filtered 
value. 

14. A method for Signal processing an LDV Signal as 
recited in claim 12, wherein Said first filter is a rolling 
average operating on a number of Samples and Said first 
filtered value is a rolling average. 

15. A method for Signal processing an LDV Signal as 
recited in claim 13, further comprising filtering Said first 
filtered value in a Second filter and outputting a Second 
filtered value. 

16. A System for processing a LDV output Signal provided 
by a Laser Doppler Velocimeter (LDV), comprising: 

identifier block for identifying a measure of the Doppler 
frequency of the LDV output signal; 

comparing block coupled to the identifier block for com 
paring the Doppler frequency to the highest frequency 
value; 

Storing block coupled to the comparing block for Storing 
the higher of the two frequencies as the new highest 
frequency value; and 

controller for controlling the identifying, comparing and 
Storing blockS So that the identifier block Sequentially 
provides a number of Doppler frequency measurements 
to the comparing block and Storing blocks, resulting in 
a final highest frequency value. 

17. A System according to claim 16, further comprising: 
a first filter for averaging a number of final highest 

frequency values and to provide an output that is a 
measure of Velocity. 

18. A system according to claim 17, wherein the first filter 
maintains a rolling average of the number of final highest 
frequency values. 

19. A System according to claim 17, further comprising a 
Second filter for averaging a number of outputs from the first 
filter. 

20. An LDV system, comprising: 
an LDV sensor; and 
processing means coupled to Said LDV Sensor, wherein 

Said processing means has an input, an output, and an 
executable computer program, wherein Said executable 
computer program causes Said processing means to 
repeatedly, and in Sequence, obtain an LDV Signal from 
the LDV sensor, select a highest value LDV signal, 
output Said highest value LDV Signal as an output 
highest value LDV Signal, and periodically reinitialize 
Said highest value LDV Signal, wherein Said highest 
value LDV Signal corresponds to a highest frequency 
LDV frequency. 

21. An LDV system as recited in claim 20, wherein said 
processing means includes a microprocessor. 

22. A method for processing a LDV output Signal pro 
vided by a Laser Doppler Velocimeter (LDV), the method 
comprising: 

initializing a highest frequency value; 
counting a number of cycles of the LDV output signal 

Over a predetermined time period; 
identifying a measure of the Doppler frequency of the 
LDV output signal from the number of cycles counted; 

comparing the measure of the Doppler frequency to the 
highest frequency value, and Storing the higher of the 
two values as the new highest frequency value; and 
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repeating the counting, identifying and comparing Steps a 
number of times. 

23. A method according to claim 22, wherein the number 
of times that the identifying and comparing Steps are 
repeated corresponds to a lifetime parameter. 

24. A method according to claim 22, further comprising 
the Steps of: 

repeating the counting, identifying, comparing, and 
repeating Steps for a number of times, each time Storing 
the corresponding highest frequency value resulting in 
a corresponding number of highest frequency values, 
and 

averaging the corresponding number of highest frequency 
values, and providing the result as a measure of Veloc 
itv. 

25. A method according to claim 24, wherein the aver 
aging Step maintains a rolling average. 

26. A method according to claim 24, wherein the number 
of times that the counting, identifying, comparing, and 
repeating Steps are repeated corresponds to a window 
parameter. 
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27. A method according to claim 24, further comprising 

the Steps of: 
continuing the repeating and averaging Steps of claim 25 

for a number of times, and averaging the results to 
provide a measure of Velocity. 

28. A method according to claim 26, wherein the number 
of times that the repeating Step of claim 26 is repeated 
corresponds to an update rate. 

29. A method for processing a LDV output signal having 
a number of pulses provided by a Laser Doppler Velocimeter 
(LDV), the method comprising: 

initializing a highest frequency value; 
identifying a measure of the Doppler frequency of the 
LDV output signal by counting pulses of the LDV 
output signal Over a predetermined time period; and 

comparing the Doppler frequency to the highest fre 
quency value, and Storing the higher of the two fre 
quencies as the new highest frequency value. 

k k k k k 


