
Impact of light conditions on optical inspection of surface defects

Optical inspection is a contactless, non-destructive method
used widely in automotive and aerospace industry. Within the
concept of smart factory an inspection tool collects images,
implements statistical process control and communicates with
other devices in near real-time. The inspection is affected by
variations in light, temperature, humidity, contaminations and
vibrations existing in the industrial environment. Light
conditions have an impact on the captured image quality, being
of major importance for detecting defects [1]. This impact has
been investigated for various light conditions as well as light
source and camera placements with respect to the inspected
object. In the following, the methodology is described and the
findings of measurements are briefly discussed.

Introduction Materials and experimental setup
Metal objects of both simple and complex geometries have
been provided by dr. Tomaž Savšek and used as testing objects.
These objects exhibited surface and/or paint defects. The
quality of captured images in the regions of defects has been
studied as a function of various light conditions (dark or
ambient light combined with illumination).
A simple experimental setup has been created for the needs of
our measurements. It consists of a Nikon high-resolution digital
camera (connected to laptop), Tamron macro-focus lens and a
dual light emitting diode (LED) source connected to an external
controller. The positions of camera and LED source, presumably
controlled by a robotic arm in an industrial environment, have
been manually adjusted in our case by using clamps.

Methodology and experimental results
The following light conditions have been chosen:
• Dark room.
• Ambient white light (neon light from the ceiling).
• LED illumination of various intensities.
• Combinations of the above.
The positioning of both camera and LED source with respect to
the object has been varied as schematically shown in figure 1.
The impact of the these conditions on the reflectivity of metal
surfaces as well as on the captured morphology of hollow
defects and bulges has been investigated.

Figure 1. The positioning of camera and LED source with respect to the object.

Representative examples of images captured under different
light conditions, are shown in figure 2 and figure 3 that follow.

Conclusions
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The performed measurements have revealed certain trends:
• Low intensity LED illumination highlights the defect shape

and morphology, with minor increase of surface reflectivity.
• High intensity LED illumination yields an improved view of

tiny bulges, but it strongly increases the surface reflectivity.
• The morphology of defects can be effectively captured for

camera angles within ±30o with respect to the surface.
• High dynamic range images combine the relative advantages

of images obtained under different light conditions, at the
expense of processing power and/or data transfer (essential
for the speed of near real-time inspection in smart factory).

Figure 2. Images of defects obtained with the camera placed above an object of
complex geometry, revealing different levels of details.

Figure 3. The left image exhibits reduced reflectivity and a more detailed
surface morphology, induced by light conditions, with respect to the right one.


