«© =» = -4 - m -

Development of a
noncontact optical sensor
for measuring the

shape of a surface and
thickness of transparent
objects

Young Kee Ryu

Choonsuk Oh

Jong-Seul Lim

SunMoon University

Division of Electronics

Information and Communication
Engineering

100 Tangjeongmyun Galsanri Asan
Chungnam

South Korea

Abstract. This paper deals with a noncontact optical sensor
to measure the shape and the thickness of transparent
plates such as glass panels of liquid crystal displays. The
conventional methods to obtain the shape or thickness of
transparent plates depend on contact-type sensors such as
linear variable differential transformers. Due to the contact
between the tip of the sensor and the surface of objects, the
tip is abraded. In addition the casting of glass at high tem-
perature increases the size of the sensor body. The accu-
racy of the sensor is degraded for these reasons. To over-
come these problems, we proposed a low-cost and simple
noncontact optical sensor that is composed of a hologram
laser unit (of the type used for optical pickup in CD players)
and a plastic lens. To evaluate the performance of the pro-
posed optical sensor, a series of experiments were per-
formed for various measurement conditions. The proposed
sensor shows excellent performance in measuring the
shape of transparent plates. © 2001 Society of Photo-Optical Instru-
mentation Engineers. [DOI: 10.1117/1.1355260]
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1 Introduction

been proposed to obtain the shape of the glass objects. The
methods provide high speed, high accuracy, and noncontact
measurement.

A simple and low-cost optical sensor to measure the
surface and the thickness of the glass simultaneously is
described here. It is best to adopt a laser automeasurement
system for transparent plate glass such as LCD panel glass.
The optical pickup head for a Compact Di&zD) player
is available on an autofocusing device. The optical head is
used to pick up the binary digital signal on the disc in a CD
player with a laser beam. Such an optical head and a mo-
torized linear stagdeare employed to measure the object.
To imrErove the performance of the sensor, a thermoelectric
cooler (TEC) is used to maintain the temperature of the
semiconductor laser.

2 The Measurement Principle

2.1 The Hologram Laser

In the optical pickup of a CD player, data reading can be
carried out by controlling the objective lens via a force
voice-coil actuator. The actuator can also be used in the
measurement of displacement. It has two degrees of free-
dom: one for vertical focusing, and the other for tracking.
But the tracking motion causes a problem in surface profile
measuremerft.There are some other problems in measur-
ing with a CD pickup module. Firstly, there is no feedback
sensor for monitoring the position of the actuator in the
vertical direction. Because the position of the surface of the
object is estimated from the position of the actuator
object leng, the position of the actuator is needed. Sec-
ondly, the range of motion of the actuator is too short to
measure the thickness of glass and the range of depth of a
free-form surface. In order to extend the measurement
range and to achieve a low-cost optical sensor, some modi-
fications have been made.

Figure 1 shows the beam spot on a signal-detection pho-
todiode (SDP and a focus-error signdFES curve as an
example. The SDP is split into five segments. The optical
pickup is positioned so each of the three beams strikes a
prescribed segment of the photodiode. In Fig. 1, pGant
shows the beam spot when the distance of the object is too
far, point(b) at perfect focus, and poiri€) too near. Thus,
the FES is given by D2 minus D3. To generate a FES, a
hologram optical elementHOE)’ is used to focus onto a
SDP. In perfect focus, the focal spot is equally distribut-

The development of multimedia systems has increased theedon the two segment®2, D3) of the SDP. However, if
demand on precise measurements of the shape of cathodethe lens is not in focus, the focal spot on the detector is
ray tubes and the thickness of LCD glass plates. Thesemoved because of the optical properties of the HOE. The
components are made of glass in a high-temperature castinginequal distribution of light on the SDP generates a FES.
process. The conventional methods to obtain the shape ofThis signal is normalized with respect to the light level to
transparent objects involve the use of contact-type sensoramake the signal independent of laser power and disk reflec-
such as linear variable differential transformé¢r¥/DTs). tivity. An example of the FES is shown in Fig. 1. This
For these methods, however, the measurement accuracy isurve is often called th& curve because of its shape. The
degraded by two factors. The first factor is thermal expan- curve reflects the position of the surface. If a motor controls
sion of the sensor due to high-temperature thermal convec-the optical sensor so that the value of the FES is zero and
tion. The second factor is abrasion of the sensor tip due tolies between peak and peak, the controlled positions of the
the contact between it and the hot surface of the glass. Tosensor along the surface represent shape of the surface to be
overcome these problems, optical sensing methods havemeasured.
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Fig. 3 Configuration of the sensor system.
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Fig. 1I Beam spot on signal detection photodiode and focus error digital converter for the FES signal, a laser power control
signal curve.

(LPC) for adjusting the laser power to various reflectivities
of target surfaces, and a thermoelectric cogleEC) con-

trol for maintaining temperature are components of the sen-
] ] sor driver. The computer can be used for data acquisition
To measure the thickness of the_ glass, the conve'nuonaland processing to calculate the shape and thickness of ob-
methods have to measure two points on the opposite sur-jects. The optical module is mounted on the stage, which is
face along the same normal direction. In this case, the rela-griven by a step motor. The outputs of the sensor signal are
thickness measurement error. The proposed sensor systeninotion of the stage is 5 mm. Its resolution Qufn.

however, can measure the thickness from a FES that is T evaluate the performance of the proposed optical
detected by a single sensor movement. Figure 2 shows thesensor, a series of experiments were performed for various
FES as the sensor moves toward the glass. The two focalconditions. The experimental results for the transparent
pointsA andB (i.e., the two zero-crossing pointare gen-  glass plate are shown in Fig. 4. Figuréa¥shows theS
erated at the surface. The sensing distarfcem Ato B is curve. The zero-focus poir represents the position of the
This is because of the refraction of the light in the glass. the thin glass plate equal to 6%0n. In Fig. 4b), the sens-
Considering the refraction ratio, the real thickness can being distance is 40um and the reflection ratio is 1.585.
obtained asl =txng/ng, whereny andng are the refrac-  Therefore, the real thickness of the glass plate can be cal-
tive indices of the glass and aiF, is the thickness of the  culated as described above. The result is 6488 and the

2.2 Thickness Measurement

target object, and is the sensing distance. error is 1.7um. From the experimental results we see that
_ _ the actual sensor system yields excellent results in measur-
3 Experimental Results on the Proposed Optical ing the glass thickness in an industrial setting.
Sensor In order to show the sensor performance for various po-

As shown in Fig. 3, the optical sensor is composed of a sitions of the glass plate, we performed the experiment for
sensor module, driver, and computer. In the sensor module,two adjacent glass plates where one is tilted as shown in
there are a hologram laser, an objective lens, an automaticFig. 5. The sensor is moved a distanoe in the x direction
power contro(APC) circuit to assure constant power of the to measure the position of the surface and sequentially
laser, and a photodiode signal amplifier. An analog-to- scanned through a distandg in they direction to measure
the next position of the plate. As shown in Fig. 6 the thick-
nesses of two plates are denoted by T1 and T2; the gap
A B between plates and the tilt angle are denoted pynd 6,
W<.:>= respectively. The experimental result for the one position of
plates is shown in Fig. 7 as an example. In Fig. 7, the four
focal points denoted by, B, C, andD can be easily ex-
tracted. The method for extraction of the focal point from
the S curve is mentioned in Ref. 6. The sensing distances
T1, T2 and gaply can be calculated by the difference of
the four points. In Fig. 8 the experimental results show the
position and thickness of the plates where T1, #2and
the reflection ratio were 65@m, 650 um, 0.65 deg, and
1.585, respectively. The values &k, Ay, and the scanned
\) L distance in they direction were 0.5um, 10 um, and 10
o SENSNg tdustance 5 mm, respectively. The curves denotedA, B’, C’, and
D’ are the outputs of the four focal points. The curges
Fig. 2 Focus error signal for measuring thickness. andB’ are the boundary of G1. The curv€s andD’ are
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Fig. 4 FES for measuring shape and thickness of the glass.

ass plate G1
f glassp the boundary of G2. From the results, the slant arfjie

calculated from the curv®’. The positions of the inner
boundary of G1 are varied from 763.5 to 87/ along

«— glass plate G2 the scanned distance of 10 mm. Therefore, the tilt angle
was measured as 0.647 deg. The measurement results on
the thickness can be calculated from the average value of t1
and t2. The measured thicknesses. T1 and T2 are 653.02

3 and 649.85um.
e
Fig. 5 Experimental setup for shape measurement. 4 Conclusions
el ; , In this letter, we have introduced a noncontact optical sen-

sor for measuring the shape and the thickness of transparent
objects such as glass plates. Experiments were performed
for transparent plate glass used in LCD panel display de-
vices. The following conclusions can be drawn from the
experimental results.

Firstly, we developed a low-cost and simple noncontact
optical sensor composed of a hologram laser unit from a
CD player to measure the surface and the thickness of the
glass simultaneously. Secondly, to overcome the wave-
length variation due to temperature change a TEC was em-
ployed, which improves the sensor performance in the real
world where the ambient temperature varies. The sensor
will be used in an optical system for measuring the thick-
ness of LCD plates at Samsung Corning Company.
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