Opportunities for the Hardwood Lumber
Producer: Improving Recovery,
Productivity and Markets

Advancing the
lumber and
wood-based panel
industries

FEB. 28-MAR. 2, 1990
PORTLAND OREGON

MEMORIAL COLISEUM

Possible Computer Vision Systems and Automated or
Computer-Aided Edging and Trimming Systems for Future
Hardwood Sawmills

Mr. Philip Araman
Project Leader, Primary Hardwood Processing & Products Research
Virginia Tech. University, USDA Forest Service
Brooks Forest Products Center
Blacksburg, VA 24061
USA

FOREST
Sponsored and Managed by : |INDUSTRIES Seminar Division o 500 Howard Street o San Francisco, CA 94 1 05
Phone: (415) 995-2472 e Telex: 278273 MFP UR e Fax: (415) 995-2486



POSSI BLE COVWPUTER VI SI ON SYSTEMS AND AUTOVATED OR COVPUTER-
Al DED EDG NG AND TRIMM NG SYSTEMS FOR FUTURE HARDWOCD SAWM LLS

Philip A Araman, Research Project Leader
USDA Forest Service, Southeastern Forest Experiment Station

The title of this paper could also read, “Are conputer vision
systens and autonmated or conputer-aided edging and trinm ng
systens in the future of hardwood sawm || s?”. Hopeful Iy, the
answer is “yes” for many reasons, such as inproved recovery,
increased productivity, inproved marketability, reduced costs,
and accurate |unber grading.

Har dwood sawm | ler are facing many different situations.

Production has been increasing to a reported 11+ billion board
feet (Figure 1), exports have been growing (Figure 2), but |ow
grade is still a major problem (Figure 3). Inconsistent product

qual ity and |ess than optinmal processing are problens for many
producers. Log costs have been increasing, while lunber prices
seem to have stabilized. Har dwood sawti nber resources in our
forests have been increasing (Figure 4) and may be getting
better. Wth the increased demands, however, keeping enough | ogs
in sawmm || yards, is not getting easier.

In recent surveys (Bush 1989 and Sinclair and others 1989),
har dwood | umber customers reported several major concerns: (1)
inaccurate lunber grading by producers, (2 I nconsi st ent
thickness of [umber, and (3) poor quality of the lunber they were
pur chasi ng.

To keep and satisfy hardwood |unber customers, hardwood
sawm |l er need to inprove the accuracy of their |umber grading
and provide consistent products. They al so need to get nore
value out of the logs they are processing.



RESEARCH EFFORTS ADDRESSI NG THE PROBLEMS

Research is wunderway to help our industry reduce costs
i ncreasi ng product volume and val ue recoveﬁm, and market nore
accurately graded and described products. e research is part

of a teameffort to help the hardwood sawr || industry autonate
with conputer vision systems, and conputer-aided or conputer
controll ed processing. In the follow ng discussion, | wll

review our major efforts and goals

Conputer Vision Research to Grade and Analyze Hardwood Lunber

The goal of this research is an automated system for | unber
?rading and describing potential furniture cuttings in hardwood
umber. To do this, defects nust be |ocated, properly sized, and
identified, and board outlines nust be determ ned. Then a
conputer programis needed to grade the boards with the Nationa
Har dwood Lunber Association Gading Rules. A separate program
I's needed to determne the possible furniture cuttings |ocated
in the boards. This last program could also determne if it
woul d be better to use rip or cross cut first processing for each
board. The resulting system woul d generate packages of computer-
graded and marked lunber, including information on potentia
cuttings, and the best initial rough mll processing step

The basic research on detection, sizing, and identification by
conputer vision is underway. The status of this work was
presented at the 3rd International Conference on Scanning

Technology in Sawrilling (Conners and others 1989a). Qur
challenge is to create one general analysis nethod for our many
different hardwood species. This "~ nmethod also nust be

conputational ly sinple enough to allow real-tine industria
processi ng.

Conput er detection, analysis, and identification of defects on
rough lunber with a vision systemis a conplex problem  Lunber

changes in visual appearance as the surface dries. Qut si de

storage and drying can cause color changes, along with problens

with dirt. Surfacing boards would take care of npost of these
roblens, but, we need to grade rough rather than surfaced
unmber. Qur research is addressing these problens.



W have recently built a prototype imge systemto collect data
from4 foot |long boards. The conplete systemincludes a materi al
handling device, a line scan camera, special lighting, a
custom zed data transfer device, and a conputer system The
systemis working. W are designing the image systemto process
16-foot-long boards at a realistic industrial processing speed.

A conputer programis available for grading hardwood | unmber by
the standard rules of the National Hardwood Lunber Association
(Kli ckhachorn and others 1989). The programis being enhanced
to increase the rate of conputer processing to a practica
industrial speed. We are changing the standard shape of
presentation of defects from rectangular to any polygon to reduce
the data needed to describe defects or void areas. The program
is also being witten in C to increase conputational speed to
conpensat e or the additional complexity arising from
nonrectangul ar defect presentations. The programw || also have
an active database that will allow a user to choose the proper
set of grading rules for a species.

Anot her conput er Progranldeternines the cuttings available in
each board. It also conpares the yields in cuttings for cross
cutting or ripping the board as the first cut-up process. The
program is called CORY (Brunner and other 1989). Refinenents to
CORY may be necessary to increase processing flexibility and
conput er speed.

The information provided from the system for packages of |unber
wll be simlar to that shown in Figure 5. Gade mx, tota
board footage, potential yield in cuttings, and potentia
distribution of cuttings are on the tally sheet. As shown in
Figure 5, the simulation program can cal culate the cuttings in
standard or specific lengths, Qutput information easily can be
modi fied and expanded. | ndi vidual board information wll also
be avail abl e.

Wth the above capabilities, |umber producers could provide the
accurateIY and consistently graded material desired by end users.
They could also provide extremely worthwhile information on
otential cuttings and processing to end users. End users of

ardwood | unmber could also use the systemto determ ne which
boards should be cross cut or ripped first and the potential
cuttings. It could also help determne the proper |unber grade
or grade mx that should be use for different situations.



In an extension of our conputer vision research, we plan to
devel op a conputer vision grading system for pallet parts.
Gading and pallet part separation systems are needed to produce
nmore reliable pallets fromlowgrade solid wood. Vision grading
Is one alternative in pallet part quality separation. The
grading could be done by sawn |l er who want to produce and
market pallet parts. Pallet producers could also grade and
separate parts before pallet construction.

Conput er Aided Manufacturing for Edging and Trinm ng Hardwood
Lunmber to Maxi mze Value and Recovery

Deci sions on where to edge and trimwany edged boards or to trim
other sawm || boards can have a major effect on the performance
of a sawm I, timal decisions are difficult because of the
conplexities of the grading rules, the inability of an operator
to include |unber prices in his decision, operator skills, and
operator fatigue and/or lack of interest at tines. A recent
prelimnary stud% has shown that an operator could have increased
the value of the lunber produced by 19 percent wth optinal
processing. We are conducting further studies to determ ne
potential inefficiencies. Poor edging and trimrng are definite
problenms in hardwood sawm|ls. \Wasted dollars are being chipped
every day.

We are working to devel op a sem -autonmatic or conputer-aided
edging and trinmng system  The systemtakes a quick picture
and display a board on the bottom half of a monitor. The board
di mensions are determned and a potential grade is assigned. The
conputer then tells the operator how nuch can be trimmed or edged
to increase the grade and value of the board. The operator can
then decide where to cut the board. The conputer will tell the
operator if any further options are available. Wth the present
set-up, laser lights and correspondi ng saw bl ades woul d be
positioned for the proper cuts.

This particular research will generate a |ow cost system  Mbst
hardwood sawm || s cannot afford expensive systens. However, our
next step, as our conputer vision abilities expand, will be to
develop a systemtotally operated by conputer



Aut omat ed Processing of Logs Directly to Geen Dinension Blanks

To more effectively convert medium and |owgrade logs to end
Broducts! we are conducting research to produce green dinension
| anks directly fromlogs. W are not stopping wth any form of
| umber . W hope to inprove volune and value recovery while
produci ng hi gher value products. W are considering European,
Japanese, and U.S. processing techniques used in or under
devel opnent for furniture rough mlls.

Yields in green dinension cuttings will be determned in a cut-
up simulation program while producing standard sizes determ ned
in previous research (Araman and others 1982, Araman 1987L . e
set of standard dinension sizes is for the domestic market and
gne for éhe export market. Several |og breakdown patterns will
e tested.

Some final processing system designs wll include potentia

computer vision stations to make processing decisions after the
initial |og breakdown. Automatic ripping and cross cutting with
the inmage processing will be used to inprove yields and reduce
t he number of workers needed. We will also design sonme snall
mlls. These will be for plants desiring to add a |ow vol ume
logs to green dimension facility next to their existing sawrl|.

ARE COWPUTER SYSTEMS TO GRADE LUMBER, AND PROCESS MATERI AL
IN THE FUTURE FOR HARDWOOD SAWM LLS?

W hope so. W are putting resources, and research efforts into
that prospect. We need your support and the support of the
hardwood sawmi || conpanies, industry associations, and equi pment
manufacturers to acconplish our goals. W know that positive
results will move our industry further into the conputer age,
permtting it to inprove product recovery, and remain conpetitive
in the world marketplace and with other conpeting materials in
the United States. These systems will also inprove utilization
of our hardwood resources. W also hope that nore profitable use
our abundant |ow grade sawtinber will be possible.
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FIG. 1 - U.S. HARDWOOD LUMBER PRODUCTION
1980-88 (billion bd ft)




FIG. 2 - U.S. HARDWOOD LUMBER EXPORTS,

1985-88, 1989 est., (million dollars)
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FIG. 3 - ESTIMATED SAWTIMBER LOG GRADES
IN EASTERN FORESTS FOR SELECT HARDWOODS
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FIG. 4 - PERCENT CHANGE IN SOME HARDWOOQOD

SAWTIMBER RESOURCES FROM 1977-1987
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FIG. 5- EXAMPLE TALLY SHEET FOR THE
COMPUTER ANALYZED LUMBER

BATCH INFORMATION GRADE MIX
SOURCE ____HARDWOOD CQ, FAS __ 5% _
SPECIE RED OAK SEL__ 3%
LENGTHS ___ 9810 1C __67%
THICKNESS __ 54 2 __25%
TOTAL BD FT __1800BD FT o __
DATE 11690

POTENTIAL YIELD IN:
X__ STANDARO LENGTHS
—_ SPECIFIC LENGTHS
(LENGTHS ARE DISPLAYED
IN GRAPH BELOW)
(WIDTHS ARE RANDOM)
IS 12 %

DISTRIBUTION OF POTENTIAL CUTTINGS
BY LENGTH
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