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Recently, some new methods of sensing the web edge-posi-
tion were reported in [5]7]. A mini sensor that can be used for
transparentIm applications was developed [6]. The idea is that
a Imwhichis fully transparent to the naked eye is often opaque
to an extent of 10% to infrared light. The sensor uses an ad-
justable amplier to compensate for web opacity. A few draw-
backs include thermal drift and ampdation of noise. Elaborate
circuitry is needed to compensate for thermal drift. The ampli-

er gain has to be adjusted every time the opacity of the web
changes, and hence requires considerable setup time. Also, the
eld of view of the sensor is limited, and hence, it is unusable

for variable width applications.

Another variation of the infrared sensor for transpardm
applications was reported in [7]. The incident light is allowed to
pass throth the web material two times before collectlng.t,h%. 5. The working principle of laser edge sensor is based on scattering. The
attenuated signal. Due to double pass through the web, sigi@l is moving into the plane of the paper, as shown by its lateral cross section.
attenuation is doubled for transparent webs. An array of phofte scattered light is collected by onber due to the directional property of
diodes/pixels are used to collect the signal.ayriori threshold the ber.
is set on each pixel voltage, which is based on the opacity of the
web material, and based on this threshold, the web edge position
is §§timated. The main drawpack of_th'is methgd is that its reg‘—. Working Principle
ability for correct edge detection is limited, as it depends upon
the step size below threshold. . Any splid .partick.e, when illuminated by Ijght, scatters the in-

An edge scan sensor [5] uses semiconductor laser diodeS§igent I|ght'|n gll directions. A laser curtain is incident on the
track the web edge. An array of laser diodes are used to g¥gP €dge inclined at an angle to the plane of web travel, as
erate & curtair’ of laser beam and an array of photodetectod'0Wn in Fig. 5. When the web edge intercepts the incident
is used to collect the incident radiation. The edge position I%ser.curtam, it scatters I|g.ht|n a!l directions. Irrespective of t_he
sensed based on blocking/unblocking of the laser curtain Bg;acny of the web, scattering of light takes place. Scattered light

the web. The blocking/unblocking method of sensing results EWm t_h_e web edge is_collected by an _opti(_:aler array, which
|§Sposm0ned appropriately, as shown in Fig. 5.

sensor gain variation with web opacity change, which caus . L . . .
g pacty g d Optical bers are directionally sensitive, and this property is

problems in tuning guide control systems. Further, if laminate ¢ | din the desi fh d 0
and coated webs are processed in a web line, the sensor"j‘oqa\fan ageously used In the design ot the proposed sensor. Lp-

, . . ; . ical bers are made of core and cladding in which light is trans-
serves opacity variations in a dynamic fashion; thus the sen%éﬁed through the core. Light rays with angles of incidence less

tgrzllnolfst::;n\el\;gzrymg and poses considerable problems in “YRan a critical angle suffer total internal mection and are trans-
’ mitted inside the core of theber. The critical angle depends

i ,tﬁ_\novell tr? er—o.pttl_c sensorwh!cr:jca.n ob\gate drr&anylof thg .“n;?]n the numerical aperture (NA) of théder, which is given by
itations of the existing sensors is designed and developed in this .where is the critical angle of incidence above

pa_per.fThe prr]oposid sdensor l:jtlllzes tEe phebnlomenlaof Ilg_hts%ich no light is transmitted.
tering from the web edge to detect the web lateral position. A g jjjystrated in Fig. 5, oneber is illuminated by the scat-

collimated laser beam is emitted from a laser diode and is ingka jight whose angle of incidence is less than the critical
dent on the web edge. An opticaber array, arranged linearly, o160 /Al bers receive scattered light but based on the angle

is positioned such that it collects a ray of light from the scaf jhcidence only one or a fewbers get illuminated, that is,
tered light. Based on the position of the web, one or afbers  angmit light. The direct beam from the laser, which falls on
inthe ber array col_lect the scattered light. When the web edgg, per array, does not illuminate anyer since the angle of
moves laterally, a differentber or set of bers collect the scat- jncigence is greater than the critical angle. Based on the core
tered light. By detecting thebers being illuminated each time,diameter and NA of an opticalber, there is an invisible cone
the web lateral position is determined. The sensor design ang}igich extends from the core. Any ray of light traveling within
representative sample of experimental results are presented@@dcone that is incident on theber is coupled into theber,
discussed. as illustrated in Fig. 6. The volume of the cone increases as the
The organization of this paper is as follows. A detailegleightincreases, as shown in Fig. 6. This can be effectively used
description of the novel ber-optic sensor is presented ino ensure only one or a fewbers are illuminated by the scat-
Section 1. The working principle of the sensor is discusseagred light from the web edge.
in Section II-A and the experimental setup is presented inThe ber array is spatially positioned such that the plane of
Section II-B. Extensive experiments were conducted foie ber array is perpendicular to the plane of longitudinal mo-
different material types using the proposed sensor. A reptidn of the web, and is parallel to lateral motion of the web.
sentative sample of the experimental results are presented ®Witkn the web is in the sensing range, one or a fears getillu-
discussed in Sections Ill and IV. Conclusions of this paper anginated. As the web moves, scattered light illuminates different
given in Section V. bers, from which the web lateral position is obtained. Since the
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Fig. 17. Output of the two sensors with black web for a pulse disturbance. [4

Fig. 18. Output of the two sensors withlack and trans
(transport speed = 200 fpm) .
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existing sensors. Experiments were conducted with different
types of web materials with different properties. The sensor
exhibits similar performance with all of them without the need
for recalibration.

The existing sensor has the potential for improved perfor-
mance with the use of single-modeers and advanced signal
processing circuitry. Future work should involve development
of a compact logical signal processing units with microcon-
trollers which can process the output from the linear pixel array
with less processing time.
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show the output comparison from the two sensors. It is evi-
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changes, while theber-optic sensor is unaffected by the opacity
variation.

A novel ber-optic edge sensor for web guiding applications
is developed in this paper. The phenomenon of scattering
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