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ABSTRACT 

Multi-beam scanning systems are being used in automated industrial manufacturing 

environments to determine surface defects. Recent methods of surface defect 

detection involve the use of fibre-optic light emitting and detection assemblies. This 

paper deals with the design and development of a new high-speed photo-electronic 

system. A line of five emitting diodes and five receiving photodiodes were used as 

light sources and detectors respectively. These arrays of emitting diodes and photo-

detectors were positioned opposite each other. Data capture was controlled and 

analysed by PC using LabView software. A newly developed technique of using an 

angled array of fibres allows an adjustable resolution to be obtained with the system, 

with a maximum system resolution of approximately 100 m (the diameter of the 

collecting fibre core). This system was successfully used to measure various materials 

surface profile, surface roughness, thickness, and reflectivity. The advantages of this 

new system may be seen as lower cost, less bulky, greater resolution and flexibility. 
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1 INTRODUCTION 

Over the last three decades the attention which has been given to laser technology has 

increased. The light beam from a laser is monochromatic, coherenent and highly 

directed [1]. These properties have motivated a growing list of laser applications in 

the fields of measurement and inspection. The major advantages of laser scanning 

systems are listed as [2]: higher resolution, faster scanning speed and high contrast 

image acquisition. The laser scanning inspection system using triangulation 

technology is one of the most common and useful methods for 2-D and 3-D profiling 

where accurate repeatable height measurements are required [3]. Laser scanning has 

been successfully implemented in the inspection of widely varied material surfaces. 

Continuous on-line inspection of moving sheet is one of the most active fields of 

optical inspection [4]. Examples of sheet materials for which optical inspection 

systems have been reported include paper webs, textile fabric, glass material, hot slabs 

and cold-rolled metal strip [5]. These systems are essential tools for the 

implementation of modern statistical process control procedures. Non-contact 

methods of measuring thickness and distance with laser sensors have already been 

widely reported in the literature [6-9]. Very high orders of accuracy in the 

measurement of lengths at close ranges of up to several meters are achieved by 

interferometric methods [10,11]. These methods are however mostly too complicated 

to be practical for application in production [12]. An intensity-based sensor requires a 

much simpler optical system, and therefore, can be made very small. The working 
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principle of these sensors is based on the correlation between the detected intensity of 

the reflected light and the average roughness of the surface. The essential problem 

with intensity-based sensors is that the detected intensity is strongly dependent on the 

gap distance between the sensor and the surface and on the surface reflectivity. The 

intensity of the detected light depends upon how far the reflecting surface is from the 

fibre optic sensor [13]. Light scattering of a test surface may be a changed by different 

microstructures encountered [14]. However, a sudden change in the light intensity 

would occur when the incident light beam encounters a defect [15]. 

Most previous research efforts in this area have been focused on the development of 

the path planning of a commercial laser scanning system [16]. Laser scanning systems 

have been successfully used in the inspection of widely varied material surfaces, from 

metals of all types to paper, glass, plastics, films, textiles, as well as magnetic and 

optical discs [15]. A laser scanner consists of two parts: an illumination part and an 

imaging part [17]. One of the most effective sensor devices currently available is the 

fibre optic sensor [18]. The response of an optical fibre can be affected by very small 

change in fibre geometry caused by conditions such as elongation, bending, or 

twisting [19]. These changes in response can be used to detect strains in different 

materials. However industrially photoelectric displacement sensing is the most 

common application of fibre-optic sensing [20]. 

Recent methods of surface defect detection involve the use of fibre-optic light 

emitting and detection assemblies. A newly developed technique of using an angled 

array of fibres allows an adjustable resolution to be obtained with the system. This 

system was successfully used to measure various materials surface profile, surface 

roughness, thickness, and reflectivity. 

 

2 Experimental set-up 

The main system-level components of the fibre optic sensor used in this work were 

the light emitter, the photo detector, the fibre waveguides, data acquisition and 

analysis, using LabView software. Each component plays a vital role in the quality of 

transmission. Careful decisions, based on system requirements, must be made for each 

component of the system if high-quality sensing is to be achieved. This system 

configuration, control and analysis, mechanical design, and resolution are discussed 

below. 

2.1 System configuration 

The effective application of a fibre optic system requires consideration of the entire 

system: the transmitter (laser diode with 1300nm), traveling signal (Multimode fibre 

optics, length, characteristics, and connectors), receiving detector (PIN photodiode 

response from 900nm to 1700nm, preamplifier).  

Figure 1 shows the structure of the fibre optic sensor, the sensor was operated using 

four and five 1300nm multimode laser diodes. The light source with a 1300nm 

wavelength was chosen in order to reduce surface scattering and maximise the 

proportion of optical radiation that reflects specularly. 
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 Figure 1 Configuration of fibre optics transmission system. 

 

2.2 LabView based data acquisition and data analysis system 

A flow chart depicting the programmes developed for data acquisition in LabView is 

shown in Figure 2. This system is more directly implemented when the cut-off voltage 

is applied as a part of measurement. Figure 3 shows the flow chart for the program 

that generates a surface map. The voltage level at each point (x, y), Pxy is compared to 

the cut-off voltage, Vc. If it is less than Vc. the point (x , y) is added to the surface 

map, if it exceeds Vc it is ignored. In this way the surface map displays the areas of 

the surface that are below the cut-off level. Other X-Y plots representing the light 

displacements against output signals (voltages) can also be displayed. 

 

Figure 2 Surface defect sensor data acquisition programme which displays and   

logs the captured data.                    
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Figure 3 Surface defect surface map generation. 

 

2.3 Mechanical design 

The design consisted of two stepped aluminum plates. One of the plates was drilled 

with five holes to accommodate the fibres. The plates of the holder were fixed 

together with six metal screws. The fibre optic holder was designed to protect the end 

face of the fibre optic from any damage as shown in Figure 4. 

 

Figure 4 Close up of fibre optic holder. 

2.4 Resolution 

This section describes a technique, developed by the authors, to achieve high 

resolution for the present system. The novel method used four degrees of freedom. 

Figure 5 shows a side view of the system. Metal screws were used to fix the fibres 

beside each other to achieve a fixed distance between the fibres (0.91mm). The novel 

method, used to reach high resolution, is dependent on the displacement projection of 
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the spots perpendicular to the scan direction (x-axis, in Figure 6). Figure 6 (a) shows 

that the spots are elliptical due to the incidence angle of the light on the surface. It 

also shows the total distance between the spots, and the distance between any two 

spots of the set in the x-y plane. Two diameters of the fibre spot depending on fibre, 

small diameter (d = 62.50 m) and large diameter (D = 72.12 m) were used.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5 Side view of system 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6 System resolution with (a) theoretical projection of scan at scan angle of       

 = 0
0
 and (b) theoretical projection of scan at scan angle of  8
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The rotation plate was rotated in x-y plane by angle  as shown in Figure 6. The angle 

should be  8
0
 to achieve a projection distance 580 m. The direction of the scan is 

in the y-direction on the x-y plane. The experimental projections were recorded as the 

first and last signal drops when the five fibres passed a vertical fall in the specimen 

surface, which was perpendicular to the scan direction. 

For the results an encoder was used to control the angle of the rotation plate. This 

rotary sensor was positioned between the translation stages and the rotation plate and 

was connected to the digital and counter input channels on the data acquisition card. A 

liner-guide motor simulated an on line production environment by moving the sample 

beneath the newly developed inspection sensor. 

 

3. Results and discussion 

Results from this system at variable resolution and for various materials (such as 

aluminum plate, transparent polycarbonate plate, brass and tufnol plate) are presented. 

Several materials were tested for the reflected signal intensity detected upon vertical 

displacement. These results indicated that all metals are very good reflectors within 

the infrared wavelength. The system was optimised for each material to produce the 

highest intensity in reflected signals. Figure 7 shows the profile of the reflected 

signals from the aluminum sample. Small differences in the reflected signals were 

caused by small misalignment of the fibres and the different points scanned on the 

surface. 

  

Figure 7 Profile of the reflected signals from the aluminium surface upon vertical 

displacement of the fibres from the surface. 

 

The transparent polycarbonate showed a quite different than that from the metal 

surface. The transparent surface allowed light to pass through it diffusely. The laser 

spots where reflected off the top and bottom surfaces, so that two sets of signal peaks 

were detected. This system could therefore be used to measure the thickness of 

transparent material. Figure 8 shows the profile of the reflected signals for five fibres.  
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Figure 8 Profile of the reflected signals from the transparent polycarbonate surface. 

The results for the diffuse tufnol material (an epoxy glass laminate with extremely 

high mechanical and electrical strength) are presented in Figure 9. The results show 

that the incident signals were significantly effected by how far the fibre ends were 

from the surface for this material surface. This was due to the diffuseness of the 

surface. Metal materials have a higher reflectivity, which allowed the system to more 

easily detect the reflected signals with metal samples. 

 

Figure 9 Profile of the reflected signals from the tufnol surface. 

 

3.1 Surface profile measurements 

The optimum fibre end height was set as per the results of the previous section. With 

the vertical displacement of the fibre ends from the surface set optimally for each 

material, the surface was then passed beneath the sensors in order to reconstruct the 

surface profile. Five beams passing over the surface enabled a notch on the aluminium 
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plate to be scanned. A profile of the reflected signals from the notched surface is 

shown representing a irregular shaped defect, in Figure 10. The variation of the 

signals through the notch is due to the irregular shape of the notch.  

Figure 10 Profile produced from a notched aluminium surface scan. 

 

 

Figure 11 shows the scan of the transparent polycarbonate notched surface. Two 

notches, side by side, were scanned for this measurement. The signals dropped down 

and were reflected again from the island between the notches before falling again as 

the second notch was passed.  

Figure 11 Profile of notch surface scan. 

 

The diffuse tufnol surface also produced reasonable results for the surface notch 

measurement. Much more scatter was however detected with this material due to its 

diffuseness. Figure 12 represents tufnol the notched surface.  
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Figure 12 Profile produced from a notched tufnol surface scan. 

 

4. Conclusions 

In this paper, the design construction and operation of fibre optic laser scanning 

inspection system for surface defect was presented. The five fibres used covered a 

distance of up to 3.96 mm. The last results section presented reconstructed surfaces 

from simulated on line inspection using a liner guide motor to move the samples 

under the sensor at a speed of 1.91 mm/s. A novel technique that was presented was 

used to adjust the resolution of the system to obtain higher accuracy results. 

The resolution of the system was made adjustable by mounting the fibre holder on an 

adjustable rotation stage. A smallest scan line of 580 m with a defect resolution 

capability of 7m was obtained. The experimentally obtained results from 

several materials shows the system’s ability to recognise defects. The achieved results 

show that even though this system is capable of 2-D scanning it may also be operated 

as a limited 3-D vision inspection system. The fibre optic laser scanning system, 

which has been discussed in this paper offers an effective means of highly accurate 

measurements, high resolution, and flexibility to capture the output signal reliably. 
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