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The best optimization solution for your roughmill
might be a combination of technologies
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FROM FOREST to finished product,
wood is moved from one processing stage

Figure 1. Researchers at Virginia Tech developed this multisensor
machine vision prototype for lumber inspection.  The system com-
bines several components to analyze boards, including color imaging,
laser ranging, and X-ray.
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to the next, subject to the deci-
sions of individuals along the way.
While this process has worked for
hundreds of years, the technology
exists today to provide more com-
plete information to the decision
makers. Virginia Tech has devel-
oped this technology, creating a
machine vision prototype for
wood products manufacturing.

To some extent, vision tech-
nology has existed in the industry
since the early 1980s. Various
technologies, such as laser ranging
and black-and-white cameras,
have been used to measure the di-
mensions of logs and lumber.
While this has been most useful in
improving efficiency, it has done

little to maximize the value of the result-
ing products. Much research has gone
into developing other technologies that
can detect and plot features in the wood.
A useful technology must accurately
identify the three features of a board that
will affect its value:

■ Surface features: knots, holes, splits,
decay, discoloration-coloration, slope
of grain;

■ Geometry features: three-dimensional
shape, warp, wane, variations in thick-
ness; and
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■ Internal features: voids, knots,
decay.
Most research has gone into opti-

cal sensing methods, including cam-
eras and spectrometers, which
measure the intensity and color of
reflected light. These devices detect
surface features and can be readily
automated, but they will miss knots
that are the same color as clear
wood, or classify soil or grease on
the board as a defect. They also can
be confused by variations between
species and by the roughness and
moistness of the wood. Of course,
they are of no use for detecting in-
ternal features.

Technologies that measure densi-
ty of the wood can detect internal
features, so much research has gone
into developing machine vision sys-
tems using ultrasound, microwave,
nuclear magnetic resonance, and X-
ray technologies. While these sys-
tems overcome some of the
problems of optical systems, they
can’t detect the color of the wood or
defects such as stains. Also, since
some defects have nearly the same
density as clear wood, they can’t de-
tect all defects, nor can they accu-
rately differentiate between defect
types. It is apparent that an ideal
machine vision system would incor-
porate various sensing technologies,
analyzing the combined data to lo-
cate and plot features and defects of
the wood.

Multisensor prototype
Over the past 10 years, re-

searchers at Virginia Tech have ex-
perimented with machine vision
technologies for the forest products
industry. By integrating information
from color cameras and other sen-
sors, we have developed a multisen-
sory system suitable for a variety of
manufacturing applications. Figure
1 shows a simple conceptualization
of this system.

Our work has resulted in a multi-
sensory machine vision prototype.
This design includes:

■ A color-imaging system for locat-

ing and identifying surface de-
fects and discolorations;

■ A high-speed laser-ranging sys-
tem for detecting cracks and
holes in the surface and varia-
tions in the thickness of the
board; and

■ An X-ray imaging system for lo-

cating and identifying features as-
sociated with higher or lower
density than clear wood.
The prototype integrates this

sensing array with a materials han-
dling system, an image-processing
system, a control computer, and ma-

continued on page 126
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ing and trimming, lumber grading,
color sorting, and automation of
sawmill operations.

The prototype uses two Pulnix
color line-scan cameras — one for
each face of the board. Processing
speed is 2 linear feet per second.
Tungsten-halogen incandescent
bulbs illuminate the boards. The
bulbs can be mounted in a conve-
nient location away from the board
surfaces, keeping them away from
the dusty wood and allowing easy
replacement when bulbs burn out.

The laser-based ranging system
was designed and built at Virginia
Tech. A point of laser light is swept
across the board, and the image is
captured by four black-and-white
cameras. Through this process, the
laser-based ranging system can mea-
sure board thickness and voids and
indentations in the board surface to
within 1/64 inch.

The X-ray scanning system is
much like those used to scan lug-
gage in airports.

Handling is key
In order for these sensing devices

to work properly, boards need to
pass through the prototype at a con-
stant rate, without bouncing verti-
cally or shifting laterally. In the
materials handling system, canted
drive rollers beneath the board keep
it moving, while pneumatic rollers
above the board keep it in place.
Canting the drive rollers keeps the
board sliding snugly against a fence,
which is critical for accurate image
registration. The positioning accu-
racy of the material passing through
the system is +/- 0.01 inch. A dedi-
cated computer controls the system,
which has programmable speeds
ranging from 0 to 6 linear feet per
second.

The prototype’s image-process-
ing system is a 200-MHz Pentium
PC with 64 MB of main memory,
running Windows NT.

A 286 PC controls the entire
prototype system, sending control
signals to the materials handling

lumber. It can be configured for dif-
ferent types of sawmill operations
and handle both green and dry lum-
ber. It was built so that other sens-
ing devices, besides the three
described, can be added and tested.
The prototype has been used to test
various applications, including edg-

continued

chine vision software.
The prototype is a full-scale ma-

chine that can handle the typical
widths, thicknesses, and lengths of
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and image-processing computers.
The PC also continuously monitors
the system components to ensure
that they are operating correctly. At
this point the software running the
system is rudimentary, but it will be
developed to include an interface so
that a typical employee at a mill can
use it to operate the system and per-
form routine maintenance.

To handle the large amounts of
data, the machine vision software
processes data in a way that mini-
mizes computational complexity
and enhances feature-detection ca-
pabilities:

1. The segmented laser profile
image   is   analyzed   to    determine

A 286 PC
continuously
monitors the

system components.

which areas of the board fall above
or below an acceptable thickness
threshold. Areas that are too thin
are then removed from considera-
tion in subsequent analysis of X-ray
and color image data.

2. X-ray data, along with color
data, is used to locate knots, voids,
and decay. These areas are removed
from subsequent analysis.

3. By the time the color image
data is analyzed, the larger and un-
ambiguous defect regions have al-
ready been eliminated.

Real-world application
Virginia Tech has developed two

applications for its machine vision
prototype, both now being patent-
ed. One addresses the growing use
of edge-glued panels in the manu-
facture of doors, tabletops, desktops,
and other wood products. Because
light-colored stains are becoming
more popular, it is critical that the
bare-wood colors of adjoining pan-
els match. As a manual process,

color sorting of wood is labor-inten-
sive and difficult, but this applica-
tion, when used with the prototype
system, can collect color data and
automatically sort wood.

Another Virginia Tech project
applies this technology in roughmills
where defects are removed with

crosscut saws. This, too, requires a
good deal of human attentiveness
and energy to be well done. Re-
searchers at Virginia Tech, however,
have developed the hardware and
software for the prototype system
that will operate a fully automatic
crosscut saw in a roughmill.
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