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SURFACE I N A M CRO TEXTURE NAVI GATI ON TECHNI QUE | ncor porati ons By Reference
The subject matter of the present application is related to that disclosed
m U. S. Patent 5,644,139, entitled NAVI GATI ON TECHNI QUE FOR DETECTI NG
MOVEMENT OF NAVI GATI ON SENSORS RELATI VE TO AN OBJECT (i ssued 23May20@97),
to that disclosed in U S. Patent 5,729,008, entitled METHOD AND DEVI CE FOR
TRACKI NG RELATI VE MOVEMENT BY CORRELATI NG SI GNALS FROM AN ARRAY OF PHOTO
ELEMENTS (issued 17 March 1998), and also to that disclosed in U 'S Patent
6,281,882 entitled "~ SEEING EYE ' MOUSE FOR A COVPUTER SYSTEM (i ssued 28
August 2001) an&@REDICTPYEAND BURSEDILEUNMINATION GRACHUIRFACERY® FOR OPTI CAL
NAVI GATI ON OVER M WWWEEXMEIGM&HE@@P&Q%H 2001). In the
interest of brevity, U S. Patents 5,644,139, 5,729,008, 6,281, 882 and

6, 297,513 are each hereby incorporated herein by reference. Background O
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intensities; and (4) a conbination of (2) and (3). In addition) the velocity
of the navigation circuit over the surface (or vise versa) can be
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SUMMARY OF THE INVENTION

An optical navigation system saves power by pulsing its surface illumination light source to
provide light only when needed. The level of light may be controlled by a servo-mechanism that
monitors degree of correlation data and average illumination, and that changes the controlled level
at times when it is both required and safe to do so. As for creating different levels of illumination, that
may be accomplished by: (1) pulsing the light on and then opening the electronic shutter for some
period of time during the pulse (gating the light); (2) opening the shutter and then varying the pulse
width of the light (gating the LEDY); (3) opening the shutter and then pulsing the LED at different



An optical navigation circuit 2, which may be as described or simlar to
those described in the incorporated material) is proximte a surface 5
whose micro-texture is illumnated by one or nore LED s 3. Light 4 fromthe
LEDs 3 is reflected fromsurface S) and sone of that reflected light G
enters an aperture (not shown) of the optical navigation circuit 2. The
optical navigation circuit 2 registers chdnges in its physicdf Mac¥0Bon
relative to the surface 5 by tracking the apparent notion of mcro-texture
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circuit 2 aP@“ﬁﬁB#W@B“%H“%”%ysten1controlIer 7 that does produce a system
output 13 (e.g , a scanned imge or a position). The outputs fromthe
optical navigation circuit 2 include an average illum nation val ue 8,
correlati on bowl data 9) incr dishPeicripgay YTheRya%ings 11 for X and Y axes,
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twenty-five. T e correl ation process is expl ained in considerable detail in
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t hereof ) i s te pratroi theratpnd pampling eosording to therelatiyefveleice t hat t he navi gation
process is working as it is intended to. For exanple) if the bow is "flat"
we can presume that there is not enough contrast anongst the pixels to
navi gate upon. That is a serPoodptiintQfat Peferted Bmbodimept be avoi ded duri ng
navi gati on. Lack t ONS, | 1e. b s in
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exposure. Tancogeutieg oftisemavigatien.dulpatistasnt ishattdnepeyestddmadeiiery epirated powe of
particular interest to us. It is a predictive sanple and exposure
controll er 14) whose outputs are an LED drive signal 1 S and a shutter
signal 16. The LED drive signal 15 will be a pulse of variable duration or
anplitude, or perhaps both. It determi nes the anount of emtted |ight 4
that is available to become reflected light 6, a portion of which may
subsequently enter the aperture of the optical navigation circuit 2. The
anount of reflected light that actually reaches the array of photo
detectors (not shown) and that influences their output, is terned the
"exposure." If there were no electronic shutter nmechani sm (which is perhaps
unlikely) but is possible) then the |light reaching the array would i ndeed
be solely responsible for the | evel of exposure. Mre probably there is an
el ectronic shutter whose "open tinme" is determ ned by the shutter signal
16, which is also a pulse. That pulse is applied to an LED power driver 17
that actually drives the one or nore LED's 3) fromwhich [ight 4 is
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the rate at which sanples are taken This nmay be practiced i ndependently, or
in conjunction with one of the exposure control techniques set out above.
This technique is shown in Figures S and 6. These techni ques are based on

t he know edge that a certain length of tine is required to take a sanple
frame and performcorrelation) and that there is an upper gl ?
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10~ nmeters = one pixel The maxi num sanple rate for the above systemis
about 100 usec nterval s between consecutive sanples at a velocity of about
.4 meters per second. Now, from4 nsec to 100 usec is a forty-to-one change
in sanple rate) which represents quite a savings in power when the | ower
rate is possible. In this exanple one can, if desired, associate sanple
rates wiwth velocities by interpolating along the |ine having abscissas from
zero velocity to .4 nmisec and correspondi ng ordinates of 4 nsec to 100

usec. As nentioned. above) one could either repeatedly solve the equation
for that line or (preferably) pre-load sanple rates into a | ook-up table

i ndexed by velocity. Wth a forty-to-one ratio, it would be appropriate to
partition the velocity into perhaps as many as sixteen or thirty-two
different entries in the | ook-up table.



23 May 2003 9 CLAIMS W claim 1. A nethod of exposing to light (4) a
surface (5) having a mcro-texture upon which an opttical navigation
circuit (2) tracks novenent, the method conprising the steps of: (a)
illumnating the surface with pulses of light (27) occurring at a sel ected
rate; (b) determning a velocity fromthe tracked novenent; %ﬁ%@jgﬁ fasing
the selected rate in response to increase3 mthe determ ned o4 @, and
(d) decreasing the selected rate in response to decreases in the determ ned
velocity. 2. A nethod.as,in claim1l wherein the steps.(c d. are
Comput e | i EABEY Dk Pedisb y® et afgon R, FhT hnsaRsal k1Y 1 1
wher ei n t hgrdp&&mmhd r\éﬁti‘{cnﬁmieii% glg uaa?lgdwlscaac&it:) ruguwfn thi'& g:gs%sé,@)e r::auﬂd gié el¥o
conpri se obtaj ning sanp rat e ta froma table i ndexe the velocity
det er m ned Iheie e3r ”BX§P°SN°ﬁwﬁ6HW%d°rPﬁ°te?'&ﬁ“}wrffmﬁa@%vaﬁwﬁtwy-ﬁve-

nom nal |y O¢RdbofreldionfptocedisR@ldifdinComilicrablk fitdild thé iRdopFofAbidoBitRbnsl BHR "kd"
conpri ses suppressing a_ pulse of light (31, 32, 33) in the nom nal I‘g fixed

peri odi c ant} SR Hfireertimengignad plosof the spsielien %Tpii%’_é?fmeishbthés*%ﬁdfl’&éiéom ¢¥ ng a
M Cr 0- t eXt UFcBresd@ Th¥kiphifitaddd 0Ok b&A| beadsiififdalimdvem6id of thk lBlEthercbDMRIRENRS . the
met hod conpr,ising: deterpmning a rate for taking sanples of the surface;

det er ni ni ngSMARE &P BEIP ‘é’“ﬁ‘é"\?éqtgaéfhef‘ﬁégagﬂ‘rW%féiéfs waRing 3s [ iigtended WaFor Remelsr f ace

for each of ifife@oWBETHaE'SweMah prefdiee BRABthEE islnbCHAbughlcordt& 28BRAT Rt PiREls RNRASIN €
|l evel. 6. A nmethod as in claimb, wherein the, pul ses of t have_ an

intensity sBrBcTRAisAseTsgivadonths isfe pepvisidsd duriog prdgation. ILéé}‘:s‘%F"C”“"O“S in the
bowl may be brought on by changes in the surface as navigation proceeds, and might be correctable
by changes in exposure.
To resume, then, one subsystem in the system controller 7 is of particular interest to us. It is
a predictive sample and exposure controller 14, whose outputs are an LED drive signal 15 and a
shutter signal 16. The LED drive signal 15 will be a pulse of variable duration or amplitude, or
perhaps both. It determines the amount of emitted light 4 that is available to become reflected light
6, a portion of which may subsequently enter the aperture of the optical navigation circuit 2. The
amount of reflected light that actually reaches the array of photo detectors (not shown) and that
influences their output, is termed the "exposure." If there were no electronic shutter mechanism
(which is perhaps unlikely, but is possible) then the light reaching the array would indeed be solely
responsible for the level of exposure. More probably there is an electronic shutter whose "open time"
is determined by the shutter signal 16, which is also a pulse. That pulse is applied to an LED power
driver 17 that actually drives the one or more LED's 3, from which light 4 is emitted. Typically then,
the resulting exposure will be a function of the LED drive signal 15 and the shutter signal 16.
Now, it is not our intent to describe any particular manner of determining what the exposure
ought to be. There are conventional ways of doing this, in addition to which there is the technique
described in the U.S. Patent Application entitted EXPOSURE SERVO FOR OPTICAL
NAVIGATION OVER MICRO-TEXTURED SURFACES, mentioned and incorporated herein at
the start of this application. It is sufficient here to point out that such exposure level determination

probably relies upon average illumination 8, and preferably also upon the correlation bowl data 9. We
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Still another exposure control method is depicted in Figure 4. Here the LED 3 is on for the
entire duration of LED drive pulse 23, but the electronic shutter is open for a lesser duration
indicated by signal 24. In this example the shutter signal 24 is contained within the duration of LED
drive pulse 23, but they might overlap in a different way. In any event, it is their period of
simultaneous existence that produces an effective LED pulse width 27 by the shutter's effect of
restricting the photo-sensitive elements to the time period indicated by dashed lines 25 and 26.
The above are ways of "throttling" the amount of exposure in a pulsed light environment,
given that the predictive sample and exposure controller 14 has decided how much to "move the
throttle.” Pulsing the light saves power by not consuming power to fire up the LED('s) when they are
not needed between samples Note that it does not require any change to an existing scheme for
deciding how often samples are to be taken.
There is yet another technique that can be used to effect such savings, and that is to control
the rate at which samples are taken This may be practiced independently, or in conjunction with one
of the exposure control techniques set out above. This technique is shown in Figures 5 and 6. These
techniques are based on the knowledge that a certain length of time is required to take a sample frame
and perform correlation, and that there is an upper limit on acceleration that canbe expected, as well
as on the permitted relative velocity between the navigation circuit and the surface. This knowledge
can be used to reduce the sampling rate when the relative velocity is low, or zero.

Suppose, for example, it is zero. Suppose also that the reference frame in use has most or all



V'] A m}rg\=10% & ()- 10H 10H 10H'L910%& ()-!310%& ()-Y! (
f#10% H(H& ()-!, f#10%H& ()-m SAPB4 10// 10// 10/1!,y)

10% /& ()-9(10% & ()- 10% & ()-! 10%/& ()- 10% & () - Df ! TaBPB4

10/ / @109 ()-, 109& ()- MLOY ()-s 109& ()-,y 109 ()-! 10%iu& ()-T fdEPB4
10// @ 109 ()- y :10% ()- @O% ()- MO ()- @O% ()- MLO% () -] ppi<. 4

of its ability to be shifted intact. Then we can determine with assurance a minimum sampling rate that
will guarantee, even if we don't sample during some initial movement, that the next data frame will
still be correlatable with that reference frame By reducing the sampling rate to that value we save
power by avoiding unneeded uses of the illuminating LED's 3. Now, if we keep track of relative
velocity, we can adjust that minimum sample rate upward as needed to preserve that same advantage,
although a lesser savings in power will be possible. It may be necessary to consider how many shifts
the reference frame has experienced, and derate the reduction in sampling rate for that, as well.

Now consider Figure 5. It depicts a first train of pulses 27, which represent sampling (with
whate_ver exposure is set) at a relative high rate, perhaps even a maximal rate. This is in contrast to
the situation somewhat later in time where sampling pulses 28 and 29 are issued at a considerably
lower rate. In this figure the actual sampling rate is computed to be the minimum safe value, and is
essentially continuously variable as a function of relative velocity.

In Figure 6 a similar result is obtained, but through a method that may be easier to implement
in some systems. In this method the basic repetition rate of the sampling pulses is fixed, but individual
sampling pulses are gated to occur or not, as a stepped approximation of the technique of Figure 5.
Thus, pulse train 30 represents a maximal sampling rate, while at a different point in time missing
pulse 31 causes a lower sampling rate, while at yet another point in time missing pulses 32 and 33
cause a still lower sampling rate.

One method of accomplishing the variable rate sampling described above is to repeatedly
compute a sampling rate based upon relative velocity and the associated parameter of system
behavior, such as maximum allowed acceleration and maximum allowed velocity, all considered in
light of the amount of apparent motion allowed between a reference frame and a data fame (that is,
the amount of shifting that can be accommodated therebetween). A simplification would be to
partition the range of allowable velocities into ranges, such as zero to one inch per second, one to
three inches per second, three to nine inches per second, and above. A look-up table could then
provide conservative safe values for the sampling rate at each of these velocities, thus saving the
overhead of repeatedly re-calculating sampling rates.

For example, consider an optical navigation circuit having a forty-seven by forty-seven of

photo-sensors spaced on forty micron centers. If the velocity were zero and we assumed a maximum
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frames we can allow at most a time interval of about 4 msec between frames That is:
x = displacement = 1/2at* = pixel spacing
Solving for t:
t=\2x/a
Where:
a=5m/sec*=%g and x=40* 10® meters = one pixel
The maximum sample rate for the above system is about 100 usec intervals between
consecutive samples at a velocity of about .4 meters per second. Now, from 4 msec to 100 usec is
a fort.y-to-one change in sample rate, which represents quite a savings in power when the lower rate
is possible. In this example one can, if desired, associate sample rates with velocities by interpolating
along the line having abscissas from zero velocity to .4 m/sec and corresponding ordinates of 4 msec
to 100 usec. As mentioned above, one could either repeatedly solve the equation for that line or
(preferably) pre-load sample rates into a look-up table indexed by velocity. With a forty-to-one ratio,
it would be appropriate to partition the velocity into perhaps as many as sixteen or thirty-two different

entries in the look-up table.
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9
CLAIMS
We claim:
1. A method of exposing to light (4) a surface (5) having a micro-texture upon which an

optical navigation circuit (2) tracks movement, the method comprising the steps of:

(a) illuminating the surface with pulses of light (27) occurning at a selected rate;

(®) determining a velocity from the tracked movement;

(© increasing the selected rate in response to increases mn the determined velocity; and

(d decreasing the selected rate in response to decreases in the determined velocity.

2. A method as in claim 1 wherein the steps (c) and (d) are computed increases and decreases,
respectively.

3. A method as in claim 1 wherein the respective increasing and decreasing of steps (c) and

(d) comprise obtaining sample rate data from a table indexed by the velocity determined in step (b).

4. A method as in claim 1 wherein step (a) nominally occurs at fixed periodic and minimal
intervals and step (d) comprises suppressing a pulse of light (31, 32, 33) in the nominally fixed

periodic and minimal tervals.

5. A method of sampling a surface having a micro-texture upon which an optical navigation
circuit tracks movement, the method comprising:

determining a rate for taking samples of the surface;

determining an exposure level of the surface; and

illuminating the surface for each of the samples with pulses of light at the determined

exposure level,

6. A method as in claim 5, wherein the pulses of light have an intensity selected to produce

the determined exposure level.

7. A method as in claim 5, wherein the pulses of light have a duration selected to produce the

determined exposure level.
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determining a velocity from the tracked movement;

determining a sampling rate of the surface based on the determined velocity; and

illuminating the surface with pulses of light at the determined sampling rate.

9. A method as in claim 8, wherein determining the sampling rate of the surface comprises:
(a) increasing the sampling rate based on increases in the determined velocity; and
(b decreasing the sampling rate based on decreases in the determined velocity.

10. A method as in claim 9, wherein illuminating nominally occurs at fixed periodic and

minimal intervals and decreasing the sampling rate comprising suppressing a pulse of light in the

nominally fixed periodic and minmimal intervals.



