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Machine vision is commonly deployed in part
inspections to gather feature-appropriate
identifying information from an object’s surface and
to increase the speed, accuracy and consistency of
the inspection process. For many surfaces, simple
defects such as scratches and dents are easily
identifiable with a machine vision camera and a
traditional lighting solution.

However, some objects have 3D aspects that
make accurately identifying surface defects

more difficult, such as embossing, textured

or highly reflective surfaces, as well as those
objects exhibiting little to no feature contrast

or texture. A standard vision light and camera
configuration, typically used in machine vision,
only captures images from a single illumination/
viewer perspective. Therefore, it may be ineffective
in certain applications, as local surface shapes
(including embossing or other 3D details) cannot,
in general, be determined from an intensity value
recorded at a single image point'. To achieve
feature-appropriate surface contrast on these
difficult object surfaces and ultimately gather a 3D
perspective, Photometric Stereo may be applied to
vary the direction of incident illumination between
successive views, while holding the viewing
direction constant.

Photometric Stereo techniques take advantage of
surface albedo, or the fraction of the incident light
that a surface reflects?, to produce an image with
enhanced contrast and diminished surface noise.
An important factor in Photometric Stereo for
machine vision is that the surface albedo is a direct
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of the incident light?, rather than any inherent
characteristic of the object being inspected -
meaning an adjustment of the illumination on the

surface of the object will result in an identifiable,
adjusted surface albedo. In effect, Photometric
Stereo techniques separate the surface albedo
from the underlying surface shape by exploiting
surface reflectivity variations as a function of
changes in incident illumination direction, with
respect to a static viewer orientation.

Photometric Stereo in machine vision then relies
on a change in the direction of illumination, a static
camera, and software to process the resulting
multiple images. An image is typically acquired
from each of four quadrants, effectively producing
a series of automatically registered images, each
from a different source direction. To process

the images, the Photometric Software tracks
specific points on the object throughout each of
the captured images, owing to the variation in
surface reflectivity generated from the different
point source directions, with respect to the static
camera point of view. It then processes the images
together to establish local surface properties® and
recreate the local shape of the object, producing
an image with acceptable contrast otherwise
unidentifiable with a single light/camera inspection
setup (as shown in Figure 1).

Figure 1- A black plastic clip is inspected using four LED
bar lights, a light controller, and the Matrox Image Library
processing software. Photos courtesy of Matrox Imaging.
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To acquire images from multiple illumination
directions, one may use either a multi-segmented

light, such as the DF198 MicroBrite™ Diffuse Ring
Light (Figure 2) or a multi-light station (Figure 3).
Each option provides the opportunity to illuminate
from multiple point source directions, or with
multiple wavelengths, to achieve the necessary
direction-dependent surface albedos.

A versatile multi-channel lighting controller is the
most effective solution to drive multi-segmented
lights or a multi-light station and provide the
necessary sequencing and hand-shaking
capabilities.

Figure 2 - DF198 MicroBrite™ Diffuse Ring Light

Figure 3 —AL295 MicroBrite™ Bar Lights in lypical
Photometric Stereo Setup
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The DCS-400E and DCS-800E lighting controllers
from Advanced illumination provide multi-channel
lighting and sequencing that can be combined with
Photometric Stereo imaging software libraries to
produce compelling inspection results. The DCS-
400E (Quad Controller) features 4 output channels
and the DCS-800E (Quad X2) features 8 output
channels.

Figure 4 - DCS-400E & DF198 MicroBrite™ Diffuse Ring
Light

Each channel allows any combination of quadrants,
colors, or light types to be used in a Photometric
Stereo application, along with independent
brightness, pulse width, and pulse delay settings in
a Graphical User Interface.

The multi-channel controllers feature a GUI with
either Standard or Sequenced Mode.

Standard Mode

Standard Mode works like a traditional strobe
controller, firing all channels with a fixed delay

and pulse width. Figures 5A-5C demonstrate the
software interfaces of both the DCS-400E and DCS-
800E in Standard Mode.

umination.com
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Figure 5A - DCS-400E Standard channel settings,
Single Event
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Figure 5B - DCS-800E Standard channel settings,
Single Event
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Figure 5C - A single trigger flashes each channel, with or

without independent delay

Note: delay is not to scale with the channel settings
shown in Figures 5A & 5B

Sequenced Mode

Sequenced Mode allows users to synchronize
individual channel flashes with a camera exposure,
creating a multi-dimensional acquisition. Each
sequence comprises a series of events, which can
include activity from 1-4 channels with the DCS-
400E Quad Controller or from 1-8 channels with the
DCS-800E QuadX2, with each channel featuring its
own pulse delay, current, and pulse width settings.

The customizable options within the Ai Quad
Controllers enable users to tailor their Photometric
Stereo application to their unique inspection needs.
Figures 6A & 6B demonstrate a series with four
separate events, requiring four triggers from the
camera to complete the sequence.
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Figure 6A - Defining a sequence using four events
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Figure 6B - Each trigger starts with the next event in
sequence

Pulsing either multiple lights or a single multi-
segment light in a sequence around an object then
produces shadows that can be processed with

an image library Photometric Stereo registration
algorithm. Combining the images together (seen
earlier in the black plastic clip example in Figure 1)
provides an enhanced inspection of the surface.
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When implementing Photometric Stereo, it may be
tempting to capture as many images as possible
using as many light angles as possible. After

all, increasing the number of images taken with
different light angles results in additional data
points for the software to produce a more robust
image*.

However, it is important to note that a light source
placed too closely to the object’s surface during
inspection can present a problem when trying

to process a large number of images in one
application. This is because when a large number
of images with strong shadows are processed, an_
over-smoothing of the depth map* and a lower-
contrast image are a common result. Thus, it is
important to consider the distance of the light
source from the object being illuminated, as near-
light photometric stereo often produces stronger
shadows and an increased number of occlusions.
Another consideration with photometric stereo

is its ability to integrate into conventional
inspection setups. As we've discussed, commonly
constructed Photometric Stereo systems use

the radiance values recorded at a single image
location in successive views; however, would this
allow for a real-world application that inspects
moving objects? Inspecting a single stationary

object requires more time and controlled inspection

parameters, not often a luxury of high-speed
moving inspection applications.

However, there are provisions within the
Photometric Software to facilitate the inspection
of moving objects. While the objects themselves
cannot always be physically adjusted to ensure
consistent placement of surface data points, the
images taken can be reoriented, or re-registered,
within the software to compensate for the object'’s

movement. Additional, full-illumination images can

be taken to establish the object’s displacement® to
further help for the tracing of the object’s changing
positions throughout the inspection process.
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Part inspections applying Photometric Stereo
benefit from the ability to “flatten” surfaces with 3D
characteristics that can be distracting or distorting
in common machine vision applications. We'll
examine two objects with different challenges to
demonstrate the benefits of applying Photometric
Stereo.

Bottle Inspection with Curved Surface

In this example, we are inspecting a printed lot code
on the bottom of a glossy vitamin bottle. Because
of the reflective and concave characteristics of

the bottom of the bottle, it is difficult to illuminate
the printed lot code without excessive specular
reflections.

By using a DF198 MicroBrite™ Diffuse Ring Light
with each of its four quadrants independently
controlled with the DCS-400E Quad Controller, we
are able to capture four images with illumination
from different directions (see Figure 7A).

Figure /A - Input images of a vitamin bottle bottom
inspected with DF 198 MicroBrite™ Diffuse Ring Light and
DCS-400E Quad Controller
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The four input images in Figure 7A depict the
bottom of the glossy bottle from the four distinct
illumination directions, with respect to the camera
point of view.

Using the Matrox Design Assistant and Imaging
Library (MIL) to process the images, the final
image appears flat — resulting in an easily
identifiable printed lot code in Figure 7B. Notice
that the aggressive shading seen within the input
images in Figure 7A have been smoothed within
the depth map, producing more even contrast
and distinguishing the 3D characteristics of the
surface.

Figure 8A - Input images of a threaded metallic part
inspected with a DF198 MicroBrite™ Diffuse Ring Light and
a DCS-400E Quad Controller

Figure 7B - Final processed image of the bottom of the
glossy vitamin bottle

Threaded Part Inspection
The following threaded metallic part presents Figure 8B - Final processed image of the threaded part
another challenge for standard vision light and with defective threads indicated

camera configurations. The varying heights of
the object’s threads create significant shadowing,
making it very difficult to visually inspect for
defects. The metallic surface also presents a
challenge with unwanted specular reflections.

The input images in Figure 8A highlight the
inspection challenges created by the shadowing
and reflections of the part’s 3D surface
characteristics. However, by processing the
images in the Matrox Design Assistant and Imaging
Library, the final flattened shape image removes
the specular reflections and severe shadowing.
This results in an image more easily inspected for
damaged threads or other imperfections.

Similar with the bottle inspection, we independently
control the quadrants of a DF198 MicroBrite™
Diffuse Ring Light with the DCS-400E Quad
Controller to illuminate the threaded part from four
directions (see Figure 8A).
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Ultimately, Photometric Stereo is a method

for achieving robust inspection images from
challenging surfaces, including highly reflective
objects or surfaces with significant 3D
characteristics. While there do exist techniques
that utilize creative illumination geometries to
achieve adequate results, even these techniques
can fall short, prompting the need for more involved
lighting solutions.

Under these circumstances, a quadrant light or
multi-light setup, a multi-channel lighting controller,
and dedicated processing software libraries deliver
a Photometric Stereo solution ideal for challenging
inspection applications. For detailed information
on Ai lighting products available for Photometric
Stereo, visit our website or contact our team today.
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