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(57) ABSTRACT 

The detection threshold of an optical sensor is dynamically 
calibrated by measuring the maximum and minimum levels 
of the analog output produced by the sensor’s light detector 
and setting the detection threshold of the sensor at an 
intermediate level betWeen the tWo. The neW detection 
threshold thus established is then used as the voltage refer 
ence that determines the logic state of the system. The 
invention may be implemented using analog-to-digital con 
verter hardWare already embedded in the system. Alterna 
tively, the invention may be implemented using digital-to 
analog converter hardWare that may also be already present 
in the system. 
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OPTICAL POSITION SENSOR WITH THRESHOLD 
UPDATED DYNAMICALLY BY INTERPOLATION 
BETWEEN MINIMUM AND MAXIMUM LEVELS 

OF OUTPUT SIGNAL 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] This invention relates generally to methods and 
apparatus for sensing the position of a moving part. In 
particular, the invention relates to a dynamically tracking 
threshold for maintaining the reliability of an optical sensor. 

[0003] 2. Description of the Related Art 

[0004] Position sensors are typically used in machines to 
monitor the physical state of a moving mechanical compo 
nent of an automated system. For example, the eXact posi 
tion of a moving part may need to be determined to establish 
an “on” or “off” control signal for mechanical applications, 
such as an end stop or travel limit for an X- or Y-motor to 
move a cartridge gripper of a robotic system loading and 
unloading magnetic tapes into and from a tape drive or 
cartridge cell. In such applications, the position sensor 
determines When the tape cartridge has reached the desired 
physical location Within the tape drive (or the cartridge cell) 
and the sensor’s output is used both to stop the gripper motor 
and to trigger the neXt operation step Within the functional 
logic of the system. For instance, the tape cartridge’s 
advance is stopped and data stored in the tape are accessed 
by a computer. 

[0005] Motion detectors used in the prior art to monitor 
mechanical motion typically consist of mechanical sWitches 
and/or optical sensors. Both types of devices require peri 
odic maintenance or replacement to preserve the desired 
level of reliability. As one skilled in the art Would readily 
appreciate, mechanical sWitches include moving parts and 
are prone to contact bounce and malfunction due to early life 
failure of any moving part in the sWitch. 

[0006] Optical sensors, Which consist of light sources and 
detectors, are often utiliZed to overcome these problems, but 
they are also susceptible to failures caused by problems 
inherent in the nature of their components. For eXample, 
optical sensors tend to become unreliable as a result of large 
changes in ambient light, misalignments betWeen the light 
source and the detector, reduced light levels caused by dirt 
or debris accumulation, reduced light levels caused by the 
aging of the internal light sources, and manufacturing dif 
ferences in sensitivity betWeen devices. Thus, even though 
optical sensors are more immune than mechanical sWitches 
to mechanical noise and failure, their reliability remains 
uncertain under normal operating conditions. 

[0007] The operation of an optical sensor is based on 
detecting the intensity of a light beam emitted by a light 
source (such as a light emitting diode, “LED”) With a light 
detector (such as a phototransistor, “PTR”) aligned With the 
optical path of the beam. One detection approach, often 
referred to in the art as “through-beam,” involves a ?rst 
normal state Wherein the light is received by the detector at 
a relatively high intensity level directly from the source. A 
change of state is established When the light beam is blocked 
in its optical path toWard the detector by a moving part, 
thereby causing the intensity measured at the detector to 
vary to a relatively loWer value. Another approach, often 
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referred to as “re?ective,” involves a ?rst normal state 
Wherein the light is directed aWay from the detector, Which 
correspondingly measures a relatively loW intensity levels A 
change of state is established When the light beam is 
re?ected toWard the detector by the moving part, thereby 
causing the intensity measured at the detector to vary to a 
relatively higher value. In either system, the accuracy of the 
operation of the detector is predicated upon its ability to 
correctly determine When a change of state has occurred as 
a result of the present location of the moving part. 

[0008] Atypical through-beam embodiment 10 of optical 
sensor apparatus is illustrated in FIGS. 1A and 1B (prior 
art). An LED 12, appropriately grounded through a system 
ground G, is energiZed by a source voltage V to produce a 
light beam B. The beam is aimed, either directly or by 
re?ection, at a PTR 14 that produces an analog output 16 
Which is a function of the intensity of the light beam B, as 
illustrated in FIG. 2. When a moving part crosses the path 
of the light beam B, it interrupts its normal path toWard the 
detector 14 and correspondingly causes a signi?cant drop in 
its output. Thus, the peak 18 of the analog amplitude curve 
16 illustrated in FIG. 2 (prior art) corresponds to a minimum 
amount of light being blocked by the moving part and a 
maXimum amount of light being received by the detector 14. 
Conversely, the loW value of the amplitude curve corre 
sponds to a maXimum amount of light being blocked by the 
moving part and a minimum amount of light being received 
by the detector 14. 

[0009] The output 16 of the detector 14 is typically used 
as the input to a comparator 20 (FIG. 1A) or a logic gate, 
such as a Schmitt trigger 20‘ (FIG. 1B). As illustrated in 
FIG. 3A (prior art), an arbitrarily ?Xed detection threshold 
22 is used to create a digital logic signal 24 that corresponds 
to the analog output 16 of the optical sensor. The resulting 
digital logic signal 24 changes state When the sensor’s 
analog output 16 crosses the threshold level 22, as shoWn in 
FIGS. 3A and 3B (prior art). 

[0010] When a suf?ciently large decrease occurs in the 
ability of the detector 14 to sense the light emitted by the 
LED, a total loss of detection may result if the peak 18 of the 
output 16 remains beloW the detection threshold 22, as 
illustrated in FIG. 4A (prior art). Correspondingly, the 
digital logic signal 24 becomes inoperably ?Xed at a single 
“loW” or “0” logic state, as shoWn in FIG. 4B. This 
condition can result, for eXample, from partial blockage of 
the light source 12 or the detector 14 caused by debris 
accumulation, from a decrease in the output characteristics 
of the light source, or from a change in the alignment of the 
detector 14 With respect to the light source 12. In a re?ective 
embodiment of optical-sensor apparatus (not illustrated in 
the ?gures), this problem can similarly result from a 
decrease in the re?ectivity of the moving target. 

[0011] Similar problems can arise When an increase in the 
light sensed by the detector 14 occurs to the point Where the 
minimum amplitude 26 of the detector output 16 is alWays 
higher than the threshold 22, as illustrated in FIG. 5A, This 
can happen, for eXample, When the ambient or background 
light is too high, or When the light source 12 is supplied With 
too much current that yields a greater than rated light beam 
B. In a re?ective embodiment, this problem can result from 
an increase in ambient re?ectivity. In any of these cases, the 
digital logic signal 24 becomes inoperably ?Xed at a single 
“high” or “1” logic state, as shoWn in FIG. 5B. 
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[0012] In vieW of the foregoing, it is clear that the con 
ventional ?xed detection threshold used With prior-art opti 
cal sensors is inadequate to provide maintenance-free, reli 
able, long-term service under variable operating conditions. 
Some approaches have been disclosed in US. Pat. No. 
5,898,170 and US. Pat. No. 5,739,524 to improve similar 
problems, but they are limited to speci?c optical-sensor 
applications. Accordingly, there is still a need for an 
improved approach of general application to setting the 
detection-IBM threshold level of an optical sensor such that 
it reliably determines the logical state of the sensors under 
variable operating conditions. 

BRIEF SUMMARY OF THE INVENTION 

[0013] The primary, general objective of this invention is 
a method and apparatus for reducing failures associated With 
optical sensors in automated systems, thereby reducing 
doWntime, maintenance and repair costs. 

[0014] Another objective of the invention is a method and 
apparatus that provide dynamically a detection threshold 
that is alWays bound by the maximum and minimum levels 
of the sensor output signal, so as to produce a correspond 
ingly consistent digital logic signal. 

[0015] Another goal is an invention that is suitable for 
relatively simple incorporation Within existing robotic 
equipment. 
[0016] Still another goal is a method and apparatus that 
can be carried out While advantageously using hardWare 
already present in the automated system. 

[0017] A ?nal objective is an approach that can be imple 
mented easily and economically according to the above 
stated criteria. 

[0018] Therefore, according to these and other objectives, 
the invention consists of dynamically calibrating the optical 
sensor by measuring the maximum and minimum levels of 
the analog output produced by the light detector and setting 
the detection threshold of the sensor at an intermediate level 
betWeen the tWo. For example, the neW threshold may be set 
at a level halfWay betWeen the minimum and maximum 
output produced by the detector. The neW detection thresh 
old thus established is used currently as the voltage level (or 
current level, depending on the variable being monitored) 
that yields a change in the digital logic signal that determines 
the “high” or “loW” state of the sensor. 

[0019] The invention may be implemented through ?rm 
Ware control using analog-to-digital converter (ADC) hard 
Ware already embedded in the system. The analog output 
from the light detector is measured and converted to a digital 
signal that represents the magnitude of the analog signal 
(voltage or current). The digital signal is then compared 
through microprocessor ?rmWare to the present detection 
threshold to determine the logic state of the optical sensor. 
The sensor is calibrated by reading the analog level When the 
optical path of the light beam is both open and blocked. A 
neW detection threshold is then established by interpolation 
betWeen the tWo measurements so generated and the detec 
tion threshold value stored by ?rmWare is updated accord 
ingly. Thus, the ?rmWare dynamically compensates for any 
changes in the analog output characteristics of the sensor. 

[0020] Alternatively, the invention may be implemented 
using digital-to-analog converter (DAC) hardWare that may 

Aug. 1, 2002 

also be already present in the system. In this case, the ?xed 
threshold is replaced With a DAC output under ?rmWare 
control. The analog output from the optical detector is 
compared to the analog signal produced by the DAC to yield 
a digital signal that represents the logic state of the optical 
sensor. The sensor is calibrated by changing the output of the 
DAC through ?rmWare control to determine the analog 
values that match the detector’s analog output When the 
optical path of the light beam is both open and blocked. A 
neW detection threshold level is then established by inter 
polation betWeen the tWo measurements so generated and 
the old detection threshold stored by ?rmWare is updated 
accordingly. Thus, the ?rmWare of the system again dynami 
cally compensates for any changes in the analog output 
characteristics of the sensor. 

[0021] Various other purposes and advantages of the 
invention Will become clear from its description in the 
speci?cation that folloWs and from the novel features par 
ticularly pointed out in the appended claims. Therefore, to 
the accomplishment of the objectives described above, this 
invention consists of the features hereinafter illustrated in 
the draWings, fully described in the detailed description of 
the preferred embodiment and particularly pointed out in the 
claims. HoWever, such draWings and description disclose 
only some of the various Ways in Which the invention may 
be practiced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] FIG. 1A is a schematic representation of a typical 
prior-art through-beam embodiment of an optical motion 
sensor. 

[0023] FIG. 1B is a schematic representation of an alter 
native prior-art through-beam embodiment of an optical 
motion sensor. 

[0024] FIG. 2 is an amplitude-versus-time graph illustrat 
ing the typical analog output of the light detector of an 
optical sensor under normal operating conditions. 

[0025] FIG. 3A illustrates a prior-art ?xed detection 
threshold set betWeen the maximum and minimum values 
expected to be reached by the analog output of the light 
detector of a motion sensor device under the normal oper 
ating conditions of FIG. 2. 

[0026] FIG. 3B shoWs the digital logic output resulting 
from the threshold level illustrated in FIG. 3A. 

[0027] FIG. 4A is an amplitude-versus-time graph illus 
trating the typical analog output of the light detector of an 
optical sensor When the intensity of the light received is 
reduced by misalignment, blockage, or equivalent change of 
operating conditions. 

[0028] FIG. 4B shoWs the digital logic output resulting 
from the use of the conventional threshold level illustrated 
in FIG. 4A. 

[0029] FIG. 5A is an amplitude-versus-time graph illus 
trating the typical analog output of the light detector of an 
optical sensor When the intensity of the light received is 
increased by ambient light, higher current applied to the 
light source, or equivalent change of operating conditions. 

[0030] FIG. 5B shoWs the digital logic output resulting 
from the use of the conventional threshold level illustrated 
in FIG. 5A. 
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[0031] FIG. 6 illustrates an ADC embodiment of the 
invention, Wherein the analog output (voltage or current) of 
the light detector of an optical sensor is fed to an analog 
to-digital converter. 

[0032] FIG. 7 illustrates a dynamic detection threshold set 
according to the process of the invention betWeen the 
measured maximum and minimum values of the analog 
output of the light detector of an optical sensor. 

[0033] FIG. 8 illustrates a DAC embodiment of the inven 
tion, Wherein the analog output (voltage or current) of the 
light detector of an optical sensor is fed to a comparator 
using a reference signal produced by an embedded micro 
processor and a digital-to-analog converter. 

[0034] FIG. 9 is a block diagram of the steps involved in 
implementing the calibration procedure of the invention. 

[0035] FIG. 10 is a perspective vieW of a tape library 
incorporating the optical sensor of the invention in a con 
ventional cartridge gripper assembly. 

[0036] FIG. 11 is an isolated vieW of a dual gripper 
assembly utiliZed in the library of FIG. 10. 

[0037] FIG. 12 is an exploded vieW of a portion of the 
gripper assembly of FIG. 11, turned around for clarity of 
illustration, shoWing the use of the sensor of the invention in 
a conventional library. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS OF THE INVENTION 

[0038] The heart of this invention lies in the idea of 
dynamically varying the detection threshold of an optical 
sensor by judiciously setting it betWeen the extreme values 
of the analog output of the light detector. This variable 
threshold compensates for changes in the analog output 
characteristics of the sensor and guarantees that a tWo-state 
condition is preserved in the digital logic output of the 
optical sensor. 

[0039] Referring to the draWings, Wherein like parts are 
designated throughout With like numerals and symbols, 
FIG. 6 illustrates an ADC embodiment 30 of the invention, 
Wherein the analog output 16 from the light detector 14 of 
an optical sensor is fed to an analog-to-digital converter 32 
to produce a digital binary number that represents the 
magnitude of the analog signal 16 (voltage or current). This 
embodiment is preferably used in systems that include a 
microprocessor that contains the ADC function. Thus, the 
digital value of the light-detector signal produced by the 
ADC 32 is used by the microprocessor 34 to update the 
detection threshold according to the invention and to deter 
mine the present state of the optical sensor (“high” or 

“loW”). 
[0040] During the calibration process of the invention, the 
digital values corresponding to analog outputs 16 When the 
optical path of the light beam B is both open and blocked are 
recorded by the processor 34 through ?rmWare operations 
and a neW detection threshold is calculated by interpolation 
betWeen the tWo measurements so generated. For example, 
a detection threshold 38 set midWay betWeen the high and 
loW outputs 40,42 currently measured from the light detec 
tor, as illustrated in FIG. 7, has been found to be suitable for 
general application. Different interpolation schemes may, of 
course, be more suitable for particular applications. The neW 
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detection threshold is then stored by ?rmWare to update the 
old value for optical-sensor operation. Thus, the ?rmWare of 
the system is utiliZed to dynamically compensate for any 
changes in the output characteristics of the optical sensor. 
The same microprocessor 34 is also utiliZed to compare the 
digital value of the light-detector output 16 to the detector 
threshold stored by ?rmWare to determine the logical state of 
the optical sensor, Which may additionally be provided as an 
output signal 24 (FIG. 6). 

[0041] It is noted that the calibration of the optical sensor 
could be carried out at every cycle of operation; that is, at 
every mechanical cycle of the moving part that repeatedly 
blocks or re?ects the light beam B emitted by the light 
source 12 of the optical sensor. Equivalently, a neW detection 
threshold could be set less frequently according to the 
particular needs and functions of the system, such as, for 
instance, Whenever the system is turned on. A common 
operation in automation systems is a process called “re 
Zero,” Where the home position of robotic components is 
calibrated to a knoWn reference point. Optical sensors are 
commonly used in such re-Zero operations; therefore, it 
Would be appropriate to also incorporate a dynamic recali 
bration of the optical sensor as part of the operation. 

[0042] In an alternative embodiment of the invention, 
Which may be preferred When a digital-to-analog converter 
(DAC) is available in the system or When a direct logic 
output is required from the sensor, a DAC is used to set a 
comparator reference threshold for the optical sensor. In this 
embodiment 50 of the invention, illustrated in FIG. 8, the 
?xed threshold 22 of the prior art (FIG. 1A) is replaced With 
the variable output of a DAC 52 under ?rmWare control of 
a microprocessor 54. The analog output 16 from the light 
detector 14 is compared in a comparator 20 to the analog 
signal 56 produced by the DAC 52 to yield a digital signal 
24 that represents the logic state of the optical sensor. 

[0043] In order to perform the calibration function of the 
invention, the microprocessor 54 is programmed to vary the 
DAC’s analog output systematically through a range of 
values designed to span through the minimum and maxi 
mum amplitude values of the output 16 of the light detector 
14. The calibration is carried out by storing the DAC values 
that cause a logic transition in the comparator 20 When the 
optical path of the light beam B is both open (maximum 
light) and blocked (minimum light). The tWo DAC values so 
produced are then used by the microprocessor 54 to calcu 
late by interpolation a neW, dynamic detection threshold in 
a manner similar to the use of the tWo ADC values produced 
by the embodiment 30 of the invention described above. The 
neW detection threshold so calculated is then used to update 
the value of the detection threshold stored in the micropro 
cessor 54, Which is used as the reference signal 56 fed to the 
comparator 20 to determine the present state of the optical 
sensor. As one skilled in the art Would readily understand, 
the output 24 of the comparator 20 is fed back to the 
microprocessor 54 through a feedback loop 58 to provide the 
signal required to establish the maximum and minimum 
light-detector output during calibration. 

[0044] Thus, the approach of the invention enables the 
dynamic updating of the detection threshold of an optical 
sensor to a value that substantially ensures the continued 
functional operation of the sensor. The invention also per 
mits the use of programmable alternative threshold levels to 
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account for different sensor responses caused by hysteresis 
effects in the output of the detector. The invention permits 
the use of programmable threshold levels that are different 
for a high-to-loW transition than for a loW-to-high transition 
of the detector output. Such different thresholds permit the 
implementation of a programmable hysteresis effect, Which 
is useful for suppressing oscillations in the state of the sensor 
output determined during transitions. 

[0045] Moreover, the invention provides diagnostic ?ex 
ibility that is not available With prior-art sensors. For 
example, the maximum and minimum detector-signal values 
measured to update the detection threshold could be moni 
tored by ?rmWare to signal a trend toWard sensor failure. 
When the difference betWeen the tWo values reaches a 
predetermined loW number, for example, a message could be 
sent to an operator to have the sensor cleaned, aligned, or 
otherWise serviced. Such an approach Would make it pos 
sible to identify and correct a problem before failure of the 
system occurs. This is critical for systems that require high 
availability because normal operation can continue under 
circumstances that Would typically bring the system doWn 
for maintenance or repair. Accordingly, this invention is 
expected to increase the useful life of optical sensors, reduce 
maintenance costs, and reduce doWntime. 

[0046] Speci?c examples of advantageous applications for 
the invention are automated systems that include cartridge 
present sensors, door-open sensors, home-position sensors, 
or pivot-position sensors, such as found in conventional 
automated storage systems. For example, the gripper of a 
cartridge assembly could be moved to an extreme inWard 
position and a voltage read from the light detector 
(unblocked optical path of the detector light producing 
maximum amplitude). The gripper motor Would then be 
moved to the extreme outWard position and the correspond 
ing voltage read from the light detector to provide the 
minimum signal amplitude corresponding to the blocked 
position. These values Would then be used to calculate a neW 
detection threshold for the sensor. Similarly, the calibration 
of a door-open sensor could be performed by measuring the 
light-detector output When the door is open and closed. In all 
cases, the tWo sensor-output measurements needed to prac 
tice the invention correspond to the tWo conditions When the 
light beam is blocked and unblocked, for through-beam 
systems, and When the light beam is re?ected and unre 
?ected, for re?ective systems. FIG. 9 illustrates the steps of 
the calibration process of the invention. 

[0047] It is noted that the DAC implementation of the 
invention, When available, has the advantage of providing a 
digital logic output 24 that can be used directly to drive other 
circuits Within the system, such as motors or other sensors. 
In the ADC implementation, the digital logic output is 
obtained only after processing by ?rmWare. 

[0048] FIG. 10 illustrates the use of the optical sensor of 
the invention in a conventional tape library 60. A dual 
gripper assembly 62 is adapted for X, Y, Z and rotational 
movement in order to transfer tapes betWeen storage cells 64 
and the input/output station 66 or tape drives 68. FIG. 11 
shoWs the dual gripper assembly 62 in isolation, illustrating 
tWo gripper units 70 housed in a common cage 72. As seen 
more clearly in the partially exploded and rotated vieW of 
FIG. 12, each gripper unit 70 is equipped With an optical 
sensor 30 according to the invention. The light source 12 of 
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the sensor is mounted on one side of the gripper unit 70 in 
optical alignment along an axisAWith a corresponding light 
detector 14 that is clamped on a block 74 on the other side 
of the unit, across from the path traveled by a tape cartridge 
(not present in the illustration) being handled by the gripper. 
Appropriate fastening and aligning hardWare is also shoWn 
in the ?gure. Thus, When a tape cartridge is present in the 
unit 70, the light beam betWeen the source 12 and the 
detector 14 is interrupted and a corresponding signal 16 is 
provided to indicate the analog state of the sensor, as 
described above. When the gripper ?nger assembly 76 is 
retracted With no cartridge present, the cartridge-present 
sensor 30 is unblocked. When the gripper ?nger assembly is 
extended, the cartridge-present sensor is blocked by the 
assembly 76. Thus, the sensor 30 may be calibrated Without 
reference to the presence or absence of a cartridge Within the 
assembly 76. 

[0049] As one skilled in the art Would readily understand, 
the invention has been described in terms of ?rmWare, but 
it could be carried out in equivalent fashion using any code 
or logic implemented in hardWare (such as an integrated 
circuit chip, a Field Programmable Gate Array, or an Appli 
cation Speci?c Integrated Circuit) or in a computer readable 
medium (such as magnetic storage medium, optical storage, 
and volatile or non-volatile memory devices). Code in the 
computer readable medium may be accessed and executed 
by a processor through transmission media or from a ?le 
server over a netWork. 

[0050] Various changes in the details, steps and compo 
nents that have been described may be made by those skilled 
in the art Within the principles and scope of the invention 
herein illustrated and de?ned in the appended claims. There 
fore, While the invention has been shoWn and described in 
What is believed to be the most practical and preferred 
embodiments, it is recogniZed that departures can be made 
therefrom Within the scope of the invention, Which is not to 
be limited to the details disclosed herein but is to be 
accorded the full scope of the claims so as to embrace any 
and all equivalent processes and products. 

We claim: 
1. Apparatus for dynamically updating a detection thresh 

old for an optical sensor adapted to compare a light-detector 
output With said detection threshold to determine a logic 
signal indicative of a ?rst state, Wherein a high light intensity 
is sensed by a light detector, and a second state, Wherein a 
loW light intensity is sensed by the light detector, said 
apparatus comprising: 

a ?rst part of an electronic circuit programmed to record 
a ?rst output of said light detector When the high light 
intensity is sensed by the light detector and a second 
output of the light detector When the loW light intensity 
is sensed by the light detector; and 

a second part of the electronic circuit programmed to 
update the detection threshold as a function of said ?rst 
and second outputs of the light detector. 

2. The apparatus of claim 1, Wherein said ?rst part of an 
electronic circuit includes an analog-to-digital converter 
adapted to produce a digital signal corresponding to said 
light-detector output, and a microprocessor adapted to 
record ?rst and second digital signals corresponding to said 
?rst and second outputs of the light detector. 
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3. The apparatus of claim 2, wherein said analog-to 
digital converter is embedded Within a robotic system uti 
liZing the optical sensor. 

4. The apparatus of claim 1, Wherein said ?rst part of an 
electronic circuit includes a microprocessor and a digital 
to-analog converter adapted to produce a range of analog 
signals spanning through said ?rst and second outputs of the 
light detector, a comparator adapted to compare said analog 
signals With said light-detector output and produce a corre 
sponding logic state signal, and a feedback loop connecting 
the comparator to the microprocessor. 

5. The apparatus of claim 4, Wherein said digital-to 
analog converter is embedded Within a robotic system 
utiliZing the optical sensor. 

6. The apparatus of claim 1, Wherein said ?rst and second 
outputs of the light detector correspond to maXimum and 
minimum light intensities sensed by the light detector. 

7. The apparatus of claim 1, Wherein said function of said 
?rst and second outputs of the light detector consists of an 
interpolation therebetWeen. 

8. The apparatus of claim 7, Wherein said interpolation is 
halfWay betWeen the ?rst and second outputs of the light 
detector. 

9. Apparatus for dynamically updating a detection thresh 
old for an optical sensor adapted to compare a light-detector 
output With said detection threshold to determine a logic 
signal indicative of a ?rst state, Wherein a high light intensity 
is sensed by a light detector, and a second state, Wherein a 
loW light intensity is sensed by the light detector, said 
apparatus comprising: 

means for recording a ?rst output of said light detector 
When the high light intensity is sensed by the light 
detector and a second output of the light detector When 
the loW light intensity is sensed by the light detector; 
and 

means for updating the detection threshold as a function 
of said ?rst and second outputs of the light detector. 

10. The apparatus of claim 9, Wherein said recording 
means includes an analog-to-digital converter adapted to 
produce a digital signal corresponding to said light-detector 
output, and a microprocessor adapted to record ?rst and 
second digital signals corresponding to said ?rst and second 
outputs of the light detector. 

11. The apparatus of claim 9, Wherein said updating 
means includes a microprocessor. 

12. The apparatus of claim 10, Wherein said analog-to 
digital converter is embedded Within a robotic system uti 
liZing the optical sensor. 

13. The apparatus of claim 9, Wherein said recording 
means includes a microprocessor and a digital-to-analog 
converter adapted to produce a range of analog signals 
spanning through said ?rst and second outputs of the light 
detector, a comparator adapted to compare said analog 
signals With said light-detector output and produce a corre 
sponding logic state signal, and a feedback loop connecting 
the comparator to the microprocessor. 

14. The apparatus of claim 13, Wherein said digital-to 
analog converter is embedded Within a robotic system 
utiliZing the optical sensor. 

15. A robotic system comprising: 

an optical sensor adapted to compare a light-detector 
output With a detection threshold to determine a logic 
signal indicative of a ?rst state, Wherein a high light 
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intensity is sensed by a light detector, and a second 
state, Wherein a loW light intensity is sensed by the light 
detector: 

a ?rst part of an electronic circuit programmed to 
record a ?rst output of said light detector When the 
high light intensity is sensed by the light detector and 
a second output of the light detector When the loW 
light intensity is sensed by the light detector; and 

a second part of the electronic circuit programmed to 
update the detection threshold as a function of said 
?rst and second outputs of the light detector. 

16. The robotic system of claim 15, Wherein said ?rst part 
of an electronic circuit includes an analog-to-digital con 
verter adapted to produce a digital signal corresponding to 
said light-detector output, and a microprocessor adapted to 
record ?rst and second digital signals corresponding to said 
?rst and second outputs of the light detector. 

17. The robotic system of claim 15, Wherein said ?rst part 
of an electronic circuit includes a microprocessor and a 
digital-to-analog converter adapted to produce a range of 
analog signals spanning through said ?rst and second out 
puts of the light detector, a comparator adapted to compare 
said analog signals With said light-detector output and 
produce a corresponding logic state signal, and a feedback 
loop connecting the comparator to the microprocessor. 

18. A tape library comprising: 

an optical sensor adapted to compare a light-detector 
output With a detection threshold to determine a logic 
signal indicative of a ?rst state, Wherein a high light 
intensity is sensed by a light detector, and a second 
state, Wherein a loW light intensity is sensed by the light 
detector: 

a ?rst part of an electronic circuit programmed to 
record a ?rst output of said light detector When the 
high light intensity is sensed by the light detector and 
a second output of the light detector When the loW 
light intensity is sensed by the light detector; and 

a second part of the electronic circuit programmed to 
update the detection threshold as a function of said 
?rst and second outputs of the light detector. 

19. The tape library of claim 18, Wherein said ?rst part of 
an electronic circuit includes an analog-to-digital converter 
adapted to produce a digital signal corresponding to said 
light-detector output, and a microprocessor adapted to 
record ?rst and second digital signals corresponding to said 
?rst and second outputs of the light detector. 

20. The tape library of claim 18, Wherein said ?rst part of 
an electronic circuit includes a microprocessor and a digital 
to-analog converter adapted to produce a range of analog 
signals spanning through said ?rst and second outputs of the 
light detector, a comparator adapted to compare said analog 
signals With said light-detector output and produce a corre 
sponding logic state signal, and a feedback loop connecting 
the comparator to the microprocessor. 

21. Amethod for dynamically updating a detection thresh 
old for an optical sensor adapted to compare a light-detector 
output With said detection threshold to determine a logic 
signal indicative of a ?rst state, Wherein a high light intensity 
is sensed by a light detector, and a second state, Wherein a 
loW light intensity is sensed by the light detector, said 
method comprising the folloWing steps: 
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recording a ?rst output of said light detector When the 
high light intensity is sensed by the light detector and 
a second output of the light detector When the loW light 
intensity is sensed by the light detector; and 

updating the detection threshold as a function of said ?rst 
and second outputs of the light detector. 

22. The method of claim 21, Wherein said recording step 
is carried out by producing a digital signal corresponding to 
said light-detector output With an analog-to-digital con 
verter, and by recording With a microprocessor ?rst and 
second digital signals corresponding to said ?rst and second 
outputs of the light detector. 

23. The method of claim 21, Wherein said updating step 
is carried out With a microprocessor. 

24. The method of claim 22, Wherein said updating step 
is carried out With said microprocessor. 

25. The method of claim 21, Wherein said recording step 
includes producing a range of analog signals spanning 
through said ?rst and second outputs of the light detector 
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using a microprocessor and a digital-to-analog converter, 
comparing said analog signals With said light-detector out 
put and producing a corresponding logic state signal using a 
comparator, and feeding said logic state signal back to the 
microprocessor through a feedback loop. 

26. The method of claim 25, Wherein said updating step 
is carried out With said microprocessor. 

27. The method of claim 21, Wherein said ?rst and second 
outputs correspond to maximum and minimum light inten 
sities sensed by the light detector. 

28. The method of claim 21, Wherein said function of the 
?rst and second outputs of the light detector consists of an 
interpolation therebetWeen. 

29. The method of claim 28, Wherein said interpolation is 
carried out by selecting a value halfWay betWeen the ?rst and 
second outputs of the light detector. 


